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Maximum annualized accretion ratt during the 27-month study ~,as 18.9 cubic
metersJp.i.~4eter of beach f ront ’  ~~r~~ear at profile line 1 (t~ort StoryL and
max imTiiiréros~on rate 11.6 cubic meters per meter per year at pro-file 11~ne 9~— --
-~~andbr idgeT~ ) The ridge-and-runnel morphol ogy typ ical of many active shore-
lines was v~~ observed in the study area .

~~~Undcr p,~esent conditions , rates of erosion and accretion ar~ i ndependen t

~~~ of th~~ f~nf’t ypes of shore usage def ined for th is ‘~~~~~~area--~comnerc ial ,
~~~~~~~~ natural , military , and residentia l)~~ The narrow , er osi onal  beaches are

located at the center of the studra rea in Back Bay National Wildlife Refuge
(natura l area), Dam Neck (mi l itary), and Sandbr idge (residential); thi’ wide ,
accretiona l beaches are located at the north and south ends ~f the study-~ .:
a~e~~ in Fort Story (military ) and False Cape State Park (natural). Instead
of beach usage , i t  is suggested t h a t  the observed differences result from a
nodal  zone of d iverg ing longshore transport in the middle of the study area
(approx imat ’ly Dam Neck to Back Bay). North of this zone , ne t t ranspor t is
to the north , and south of t h i s  zone , it is  hypothesized that net transport
is to the~~~~~~~~ The net , but irregular , movemen t of sediment out of the

~~i~ddTë irea expla ins the nar row , relatively inactive , ero si on al beaches
/observed in the middle and the wide , more ac ti ve , accret ional  beaches

observed on the ends .

This interpretation supports existing bypassing and sand nour i shment
proced ures wh ich  place sand at the sou th end of the V i rg in ia  Beach commerc ia l
reach for natura l longshore processes to di.stribute to the north. The
measured vol ume changes of beach sand in th i s reach , espec ia l ly when compared
with adjacent reaches , st rongly  ind ica te that the bypa ss ing and nour i sh ment
procedures are needed for the maintenance of the Virg in ia Bea ch commercia l
beach area .

Resul ts of reconnaissance inspections of the shores of Currituck County,
North Carolina , are included to better relate the Virg i n i a  Beach study area
to the CF.RC Field Research Facility at Duck , Nor th Carol ina .
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PRE FACE

This report is published to provide coastal engineers with a descrip-
tion of beach erosion and accretion at Virginia Beach , Virginia , incl uding
the effec t of con tinu ing beach replen ishment, and the apparent unimportance
of land use in determining erosion. This report also provides bench-mark
data on coastal processes at the shore north of the CERC Field Research
Facility at Duck, North Carolina. The work was carried out under the beach
evaluation program of the U.S. Army Coastal Engineering Research Center
(CERC) .

The report was prepared by Victor Goldsmith (principal investigator),
Susan Sturm , and George Thomas of the Virg in ia Ins ti tu te of Mar ine Science
(VIMS) , Gloucester Point , Virginia , under CERC Contract No. DACW72-74-C-
0008. Work under this c~.,ntract is also reported in~~ppAie Sc nc~~~~d
Qcean Engineering No. 122 of VIMS. -

The authors give special appreciation to R.J. Byrne, C. Everts, C.J .
Calvin , Jr., and M.T. Czerniak, who provided advice during parts of the
study. Original prof ile da ta and helpful discussions were provided by
P.A.  Bullock , L . E .  Fausak , W. Harr ison , J.F. McHone, Jr. , G.L. Shideler ,
and D.J.P. Swift. C.H. Sutton, A .H.  Sallenger , Jr. , F. Smith , and Y.E.
Goldsmith provided able field assistance on a voluntary basis .tfl bimonthly
beach profiling during the 1972-74 precontract period . Fieldwork assist-
ance by numerous 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 , Corolla , North Caro-
lina. A. Frisch assisted in the beach-trend analysis.

Special thanks and appreciation are extended to the wave observers who
contributed data to this study , including R. Fields of Back Bay, Lt . Comdr .
C.A. Tarver and It. D. Jones of Dam Neck , and R.W. Klise of Sandbridge .
The cooperation and assistance of the following are gratefully acknowl-
edged : D. Hollands , R. Fields, and F. Smith of Back Bay Wildl ife Refuge ;
W. Taylor of False Cape State Park; E. Bichner , G. Aus tin , and others of
Corolla , North Carolina; and A. Gilbert and the Virginia Beach Erosion
Commission for providing monthly assistance during the study. Special
contributions by C. Diggs and N. Blake of VIMS and A.E. DeWall and P.1.
Campos of CERC in the preparation and analysis of the report are also
acknowledged.

Drs. C.J. Galvin , Jr., C. Everts , and M.T. Czerniak were CERC contract
monitors at various times during the period of the contract.

Comments on this publication are invited.
Approved for publication in accordance with Public Law 166, 79th

Congress , approved 31 July 1945, as supplemented by Public Law 172, 88th
Congress , approved 7 November 1963.

_ _ __ _ _ _

MOHN I-I . COUSINS
~~ Colonel , Corps of Eng ineers

Coimnander and Director
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CONVERSI ON PAC rORS , U.S. CUSTOMARY TO METRI C (S I )

UNITS OF ~l A ~;uREMENT

U.S. customary units of measurement used in th i s  report can be converted
to metri c (SI) un i ts as follows :

_ _ _ _ _  -

Multiply by To obtain
_ _  _  - —.  -

inches 25.4 millimeters
2.54 centimeters

square inch es 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers
square miles 259.0 hectares

knots 1.8532 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x l0~~ kilograms per square ccntimc~c’r

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton, long 1.0160 metric tons

ton, short 0.9072 metric tons

degrees (angl e) 0 .1745 radians

Fah renh eit deg rees 5/9 Cel si us degrees or Kelvins 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _s~~~u
___

~~-__ _ nnn u~~ .aw1To obtain Celsius (C) temperature readings from Fahrenheit (F) rcauings ,
use formula: C = (5/9) (F —32).

To obtain Kelvin (K) readings , use formula: K (5/9) (F -32) + 273.15.

_ _ _  _ _ _ _ _  
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BEACH EROSION AND ACCRETION AT
VIRGINIA BEACH , VIRGINIA , AND VICINITY

by

Victor Goldsmith, Susan C. Sturm,
and George R. Thomas

I .  INTRODUCTION

The National Shoreline Study (U.S. Army , Corps of Engineers (1971a) con-
cluded that more than half of Virginia ’s 933-mile shoreline is undergoing
severe erosion (26 percent) or noncritical erosion (30 percent). The
cost of improvement of the Virginia area was estimated at $89.5 million
(in 1971 dollars) . Since the only significant shoreline population
center in Virginia is the major commercial area of Virginia Beach , this
is the area of greatest economic importance , with respect to shoreline
erosion problems . However, within this area, the shoreline changes are
quite irregular (Goldsmith , 1975c ; Sutton and Goldsmith , 1976).

This study presents and analyzes beach survey data measured at 18
profile lines (Figs. 1 and 2) from September 1974 to December 1976 and
integrates these data with older surveyed data at 14 of the 18 same
prof ile l ines . Add itionally , to prov ide back ground information needed
to better plan and understand studies at the CERC Field Research Facility,
which is just to the south of the southern end of the study area, data
and observations made in Currituck County, North Carol ina , are also
included (Fig. 1).

1. Previous Studies.

Previous beach studies at those beach profile lines that have been
reoccupied in this present study, are summarized in Table 1 and shown in
Figure 2. Photographs from these profile lines are in Appendix A. Pre-
vious studies are detailed in Goldsmith (1975a) .

Watts (1959) studied effects of beach fill on Virginia Beach and
calcul ated net volume changes in the nearshore and tntertidal parts of
the profile line between 1946, 1952 , 1955, and 1958. He concl uded that
84 percen t of the nour ishmen t ma ter ial placed on the beach between
Rudee Inle t and 46th Street between September 1964 and June 1952 had
been lost. However, the beach width remained the same during this
period due to the nourishment. The first detailed studies of beach
changes in Virg inia were under taken by Harr ison and Wagner (1964) .  In

- - - ~~~~~ 

- _ _ _  ______
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•~‘
this study, monthly, week ly, and dail y changes were monitored at four
locations in Virgini a Beach and one at Camp Pendleton . These profile
lines were measured intermittently between November 1956 and May 1963.
The maximum vertical change at the 61st Street profile line , observed
during this 27-.month period , was 2.0 meters and occurred midway between
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 15th and 3d Streets , the data “ . . .  do not show
convincing differences between winter and summer profiles” (Harrison
and Wagner , 1964, p. 27) . Poststorm changes measured on both the
beach and nearshore area out to depths of 5 meters indicated ‘ ... that
under great storm condi t ions  the foreshore slope and beach ridge will
undergo greater change than the nearshore bottom” (Harrison and Wagner ,
1964, p. 9). The precise locations of these beach profile lines have
been reoccup ied . Additional studies were conducted at Fort Story , north
of Virg inia Beach,by Harr ison , et al. (1968), in which more than a
dozen env i ronmental variables were measured over a 28-day period . No
di scussions or conclu sions were men t ioned . The importance of the beach
water table  response to t idal  fluctuations in the Fort Story area was
investigated by Fausak (1970). He found that the water table fluctua-
tions decreased about 60 meters from the beach. Studies of the beach
water table at Camp Pendleton in 1966, and at Fort Story in 1969, are
reported in Harrison , et a!. (1971). Multiregression analysis of the
data show that the most important variables influencing changes in
quantity of foreshore sand (in decreasing order of importance) were
changes in ocean stillwater level , an index of ground water head, and
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 August and September 1969, was reoccupied in September 1972.

A detailed study of beach changes along the outer coast of Virginia
was ‘eported in Bullock (1971) and Harrison and Bullock (1972). In
this study, 16 beach locat ions were surveyed between the Virginia-
Maryl and and the Virginia-North Carolina State lines for 20 months.
Th€se data were then used to calibrate a model which attempted to
forecast changes in beach sand volume resulting from storm conditions. *“The results indicated that it may be possible to develop prediction
eouat ions to forecast beach changes for section s of ocean beach that
do not exhibit complex offshore bathymetry” (Bu l l ock , 1971 , p. 61) and
that initial beach volume was a strong determ i nant of beach volume
change. Six out of seven of these beach proti1~ lines in the Virginia
Beach coastal compartment were precisely located and remeasured at bi-
monthly intervals between September 1972 and January 1974, by Goldsmith ,
Smith , and Sutton (1974). Numerous studies of the False Cape area ,
incl ud ing beach survey measuremen ts , have been conduc ted by Sh ideler ,
Swift , and McHone (1971). Three out of four of these beach profile
lines , going back to 1969, were reoccupied in September 1972 
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Virg inia Institute of ~hirine Science (VIMS ) anti Old Doninion University
(O Dt J)  personnel , and by Goldsmith , Smith , and Sutton (1974), at bi mon t h l y
intervals , through January 1974. Copies of all the above previous beach
profile data are stored at VIMS .

Beach changes were monitored once a month (since 1966) at
1 ,000-foot (305 meters) intervals between 49th Street and Rudee Inlet
by an engineering f i rm under contract to the City of Virginia Beach
and the U.S. Army Engineer District , Norfo lk .  Each June these
profile lines are extended out to depths of 25 feet (8 meters) (H.J.
Fine , Chief , Water Resources Planning Branch , U. S . Army Eng ineer
District , Norfolk , personal communication , 1972). This 4-kilometer
stretch of shoreline includes the major zone of public concern about
beach erosion , but less than 10 percent of the total ocean shoreline
of southeastern Virginia.

A beach survey network cons isting of 13 beach survey locations over
a 24-ki lometer  stretch of coast between Rudee Inlet and the Virginia-
North Carol ina border was set up in the summer of 1972.  These p rof i l e
lines were surveyed at bimonthly intervals with the cooperation and
assistance of the personnel of the Back Bay National Wildlife Refuge ,
u .S. F ish and Wi l d l i f e  Service, and graduate student volunteers at VIMS .
This survey network consisted of three older profile lines of Shideler,
Swift, McHone (1971) , the five prof i le lines of the Back Bay Nat ional
Wildlife Refuge personnel, and five profile lines of Bullock (1971).

2. Purposes of This Study.

The previous studies indicate large variations in beach response
at these different profile lines from both storms and daily low
wave energy-type processes. Thus, the primary objective of this
study was to investigate beach behavior by measuring beach prof i le
changes for 27 months over a 45-kilometer  stretch of coast l ine con-
taining a variety of beach types and an irregular offshore bathymetry .
Inc luded in this study is a comprehensive report on beach changes
along this coast and a collection of data in uniform format that will
be al.ailable for future engineering studies . The 54ata from these
analyses are summarized in the form of graphs and included in Appendixes
B and C. The data were analyzed to obtain the information on the
following general topics discussed in this report:

(a) Chan ges at each prof il e l ine from mon thly and poststorm
survey da ta.
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(b) Long-term changes at each survey location f;om data from ea r l i e r

studies and m o n t h l y  surveys during this  study .

(c) C h a r a c t e r  of beach behavior  in  the study area from ground and
aerial reconnaissance and survey data.

(d) Character of beach behavior in  C u r r i tu c k  County,  North Caro l ina
from q u a r t e r l y  ground reconnaissance.

(e) Wave climate in study area from visua l wave observations.

( f )  Comparison of long- and shor t - term wave and beach conditions
from survey data  and v isua l wave da ta .

(g) Compar i son of b each response in natura l , residential , military,
and commercial use areas f rom survey data.

Special a t t e n t i o n  was pa id  to the variations in cultura l usage and
to the locat ion of the f ocus of longshore transport reversal as possible
causes of the differing beach response. Although this 1974-76 interval
was a time of relatively low storm-induced beach erosion (discussed in
Section LV ), there were storm events of sufficient intensity (App. 0)
as to clearly de1 in~ate d iffering erosional responses between survey
locations. The interpretation of these variations is assisted by con-
comitant shoreline wave observations , and ground and aerial photos.
Probably the most important purpose is to relate the VIMS-CERC profile
lines (1974-76) to the older survey data in order to delineate the
long-term trends (by survey ing standard s) of be tween 4 and 18 years at
14 of these locations (App. C) since such lengthy survey histories
are relativel y rare in the United States. Further , the appl ication
of standard statistics to test and delineate these beach trends is
illustrated .

3. Engineering and Scientific Usefulness.

The two most immediate applications of these data and analyses are
to furn ish the Norfolk District wi th basic informa tion tha t ex tends
aerially beyond the Virginia Beach area undergoing extensive sand
nourishment , and to furnish CERC with “base-line” data for future
studies on the processes in the immediate vicinity of the nearly corn-
pleted CERC Field Research Facility, Duck , North Carolina . For
example , documen tat ion of beach changes to ei ther side of the Virg in ia
Beach commercial beaches would aid in the planning of projects involving
the pumping of sand from the south side of Rudee Inlet onto the commer-
cial beaches. With respect to the CERC Field Research Facility,
documen tat ion of charac teris t ics and changes on the beache s north of
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the pier , as w e l l  as data i l l u s t r a t i n g  the importance of seasonal versus
storm-dependent changes in the immediate  v i c i n i t y ,  should m a t e r i a l l y  a id
the design and timing of experimental studies at the pier site.

If significantly different long-term trends on adjacent natura l
beaches are shown , then the need for detailed site-specifi c studies be-
fore the instigation of remedial measures would be further emphasized .
If these va r i a t ions  in beach behavior are shown to be related to beach
usage (commercial , residential , military, or natural), then additional
informat ion can be involved in the coastal zone planning process that
would add to improved results. Specifically, use zoning could be con-
sidered for the more erosional beaches . The Back Bay National Wildlife
Refuge and False Cape State Park are currently reevaluating their roles
w i t h  respect to future services to the recreational public , and are
requiring this  base-l ine information on shoreline trends for their
planning . Since Back Bay may tend to have narrow erosional beaches ,
documentation of these and future trends is of great interest to the
Back Bay planners (D. Hollands , manager , persona l communication , 1974)
with  respect to vehicu lar  access , dune fencing programs , and others .

An important application , unrelated to this study, iwjolves the
comparison of the long-term beach trends and specific storm-induced
prof i l e  changes wi th  computed wave data from the V i rg in i an  Sea Wave
Climate Model (Goldsmith , et a l . ,  1974b; Goldsmith , 1975c) to further
refine the model and extend its usefulness.

However , the main thrust of this report is to provide base-line ,
interpreted data for the large variety of Federal , State , and loc al
agencies involved in the planning and management of this 42-kilometer-
long coas tal area , varying widely in usage and beach behavior.

I I .  LOCALITY

I .  Geography.

The nomenclature “southeast Vi rg in ia  coastal compartment,” defined
here as the concave-seaward stretch of coast between Cape Henry
and the Virginia-North Carolina State line , is uni que to this investi-
gator , but is not arb itrary usage . H i stor i ca l l y ,  the northern limit
of the Outer Banks was at Old Currituck Inlet near the Virginia-North
Carol ina State line. The inlet has been closed since about 1829.
From a coastal processes point of view , i t is bes t to cons ider the
stretch of coast between Cape Henry and Cape Hatteras (encompass ing
the study area) as a classic coastal spit-barrier island complex ,
with Cape Henry being the headland , and the net annua l transport to
the south (Fisher, 1967). The northern two-thirds of this coast (with
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Oregon In l e t  be ing  the southern boundary) is a long, continuous spit
called Currituck Spit. This spit may be subdivided into two long
concave-seaward parts of coast , separated by a convex-seaward bulge
called False Cape . The northern concave-seaward stretch of coast from
False Cape to Cape Henry is the beach profile study area , and the
northern por t ion of the southern concave-seaward coast is the Currituck
County quarterly reconnaissance study area.

The beach survey study area , which includes the 18 profile line
locations , encompasses 42 kilometers of coast in Virginia from Cape
Henry to the Virginia -North Carolina State line (Fig. 2i . Prof i l e
line I is located at Fort Story , a U.S. Army transportation training
center with amphibious vehicles frequently on the beach . Profile lines
2 to 5 are in Virginia Beach , a densely populated (especially during
the summer months) residential (above 40th Street and south of Rudee
Lnlet) and commercial area . Profile lines 6, 7, and 8 are located in
Darn Neck , at the U.S. Naval Ant i -A i r  Warfare Training Center. Profile
l i ne s  9 and 10 are in Sandbridge , a res ident ia l  area wh ich has a
significantly higher population during the summer months. Back Bay
Nationa l Wildlife Refuge is the location of Profile lines 11 to 15.
The southernmost prof i le  lines 16 , 17 , and 18 are Located in False
Cape State Park .

In a broad sense the study area consists of two basic beach
morphologic types : wide beaches which may be very active , ei ther
ac c re t i ng  or eroding from 1 month to the next ; and fairly
narrow beaches wit~i little overall accretion or erosion . The wider
beaches have lower slope gradients than the narrower beaches.
Generally, the narrower beaches tend to show more extensive changes
after storms and are usually slower to recover from storm effects.
Profile lines 1 and 14 to 18 are generally wide and flat ; profile
lines 3 to 12 tend to be narrow and steep , a lthough there are several
exceptions. All 629 surveys are notable by a complete absence of
classic ridge and runnel activity.

Table 2 gives a complete description of the study area from
the “Shore Protection Guidelines .” (U.S. Army. Corps of Eng ineers ,
1971b). Names mentioned in Table 2 can be found in Figures 1 and
2. The information is reorganized in the table by reaches and
sub jec t s ;  these reaches are rela ted to popula tion zonation of the
coast and not to geological aspects.

2. Geomorphology.

The physi ography and geology , both immed iately underly ing the
study area and at the surface to the west , are direc t ly rela ted to
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the s i x  or more P l i o c e n e ( ° )  and P le i s tocene  cycles of emergence and
su b m erge n ce , with maximum submergent  sea levels  near +45 feet (14 mete rs )
(Oaks and Coch , 1973) . The Sandhrid ge Formation , youngest Pleistocene
(Oaks and Coch , 1973) , was observed by the authors after storms in the
intertidal zone at 44th Street . Virginia Beach - Other aspects of coastal
p lain geology are discussed by Sanford (1912), Wentworth (1930),
Cederstrom (1941), Richards (1950), and the early literature is sum-
mari:cd by Ruhle (196S) . Harrison , et al. (1965) presents evidence for
a late Pleistocene uplift in the area . Pleistocene sea level changes
are discussed by M il l iman and Emery (1968) and Oaks and Coch (1963).
Ilolocene geomorphology and strati graphy at the Chesapeake Bay entrance
are detailed by Me i shurger (1972) and Nelson (1972), who discussed the
relationships between the ancestra l Pleistocene Susquehanna River and
the present baymouth configuration . Meisburger (1972) indicates that
the present gross bottom morphology in the bay entrance is largely due
to Ilolocene sedimentation (estimated at 1.37 X 1O~ cubic meters) and
bears little relation to the buried Pleistocene topography .

The Holocene evolution of a part of the Hatteras harrier island
chain has been discussed by Pierce and Coiquhoun (1970a , l970b).
Based on subsurface core information from Duck to Cape Lookout ,
North Carolina , they suggest that this present barrier complex has
evolved  from a c o m b i n a t i o n  of p r imary  b a r r i e r  landward r e t r ea t  and t he
d evelopment  of secondary h a r r i e r s  by spi t  e l o n g a t i o n . W h i t e  (1066)
has suggested tha t  these  capes formed i n i t i a l l y  from P l e i s t o c e n e  r i ve r
dcl t as .

A d e f i n i t i v e  wave c l i m a t e  s tudy s u m m a r i : i n g  the  shelf geomorphology
of the Chesapeake B i g h t  par t  of the Virginian Sea ( i . e . ,  Cape Henry to
Cape H a t t e r a s )  and the  complex r e l a t i o n s h i p s  between t he  she l f  geomorpho-
logy and the  ocean surface  wave c l i m a t e  over the s h e l f  and a long  the
shoreline , is presen ted in Goldsmi th , Farrel l , and Goldsmith (l974a).

This latter study clearly showed the important influence of the
V i r g i n ia Bea ch M~ ssi f ( l i g s .  3 and 4) on the  wave c l i m a t e  of the
southeast V i r g i n i a  coastal  compartment . The V i r g i n i a  Beach M a s s i f  is
an extensive , shallow , relatively lcvel..topped topographic high , between
the  depth contours  of 18.3 and 21.9  meters and occurs between the r e l i c
Susquehanna V a l l e y  and the \ - i r g i n i a  Beach V a l l e y .  (The term “mass i f”
was app l i ed  to t h i s  f ea tu re  by Sw i ft, et a l . ,  ( 1972)because the or i g i n a l
subaerial mountain massifs in France are also flanked by river valleys. ) aThis imposing large-scale relic feature , of hypothesized interfiuve
origin , contains a superimposed irregular ridge and swale hathymetry , *

which is delineated by the depth contour of 18.3 meters . The Virginia
Beach Valley , flanked to the northeast by the Virginia Beach ridges on
the topographic high and to the southeast by the False Cape rid ges , is
suggestive of a series of relic ebb tidal deltas formed as the sea level
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rose and the es tuary mouth retreated , as h ypot he s i z ed by S w i f t , et a l .
(197 2 ) .

Goldsmith , Farrel l , and Goldsmith (1974a) state that :

“An example of the e f fec t s  of these offshore shoal areas on near-
shore c i r c u l a t i o n  pat terns  can be seen in the v i c i n i t y  of V i r g i n ia
Beach , Vi rg in ia , wh i c h  is great ly a f fect ed by the ad ja cen t , extensive
V i r g i n i a  Beac h Mass i f .  Here , the waves w i t h  periods of 10 seconds or
shor ter  from the no r th -no r thea s t , northeast , and eas t -nor theast  are ,
for the most part , refracted away from the resort area by the V i r g i n i a
Beach ~1a ss i f  to the Chesapeake Bay entrance and the Back Bay-False Cape
are:i . In a s i m i l a r  manner , waves from the eas t -southeast , southeast ,
and south-southeas t  are concentrated in the  V i r g i n i a  Beach and adj acent
offshore  area.  These phenomena result in the dominant  northward long-
shore t ranspor t  observed in the Virg in i a  Beach area ; t h i s  might  be
because greater  wave energy reaches the area from the southern quad-
ran t s  t han  from the  nor th , r e s u l t i n g  in a net nearshore sediment
t ranspor t  to the no r th .  Harrison , et a l . ,  1964 suggested that  the
observed nor thward sediment transport in  the  V i r g i n i a  Beach area was
due to a la rge n o n t i d a l  edd y related to the c i r c u l a t i o n  o r ig ina t ing
at the  mouth - of the Chesapeake Bay. It  should therefore be noted that
both e f fec t s  may be occurring and that  ne i the r  the wave or cur ren t -
induced c i r c u l a t i o n  pa t t e rns  are mutua l l y exc lus ive .”

The most si g n i f i c a n t  nearshore features along the middle Atlantic
Bi ght  are the  nearshore , shore l ine-a t tached , l inear  r idge sy stems ,
shown in G o l d s m i t h .  Sut ton , and Davis (1973) (Fig.  3), and discussed in

Swift , et al .  (1972) . One of the most notable and most studied ridge
systems is the False Cape ridge system consisting of three large
linear ridges attached to the shorel ine ’ in False Cape State Park .
McHone (1972) pointed out the orocess interaction between the beach
and the nearshore morphology via the development and removal of
“saddles ” across the False Cape ridge system . Unpublished profile data
collected separately by Swift , Shideler , McRone , and Goldsmith indicate
that  the False  Cape ridge system has an importan t influence on the
behav i or of the adjacent beaches. Further discussion s on the nearshore
geomorpho logy are in Goldsmi th , et a!. (1974b) and Goldsmith (1975c).

3. Sediments.

Beach s ed imen to log i ca l  s tudies  of the  Outer Banks have been made
by Sw i f t , et a !.  ( 1971 ) ,  Sw i ft , D i l l  and McHone (1971), Shideler (1973a ,
1973b , l973c , 1974) ,  and Sahet (1973) . These studies , wh ich show that
the interpretation of coastal processes from grain size and mineralo-
g i c a l  da ta  in this area is a very complex problem , are summarized in
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F i g u re 3 . In genera l , the sand composing the beach and dunes south of
Rudee I n l e t  is r e l a t i v e l y  uniform wi th  mean (ph i )  1.0 to 2 .0  (0 .5  to
0 . 2 5  m i l l i m e t e r ) ; standard dev ia t ion  0.8 (0.6 millimeter) along the
berm and 0.5 ( 0 . 7  m i l l i m e t e r )  in  the dunes (Shideler , l973b). The
major  except ion is the a d d i t i o n  of a coarse red (2 to 1.0 p h i ) ,  i ron-
s t a i ned q u a r t z  and fe ldspar  sand component . The northern limit of this
coarse red sand varies dramatically between Corolla and Duck (discussed
in Section V). This area is referred to locally as the “area of
treacherous red sands” because of its adverse affect on four-wheel
drive vehicles traveling the beach .

The sand behavior of Virginia Beach has been studied by Harrison
and Alamo (1964), who tabulated the settling velocities of sand in the
v i c i n i t y  of Rudee In le t , and by Tuck (1969). Tuck suggested that  a
reversal in the slope grain-size relationship occurs under storm con-
ditions on the beach coincident with prof i le change s , and that such a
reversa l is gen e r a l l y  presen t in the “zone of shoal in g waves ” par t of
the beach at Virginia Beach . The slope grain-size relationship re-
ferred to here is the increase in beach slope with increase in grain
s ize . As noted by Tuck (1969) and discussed in Sections V , 5 and VII , 3
of this report , there are many exceptions to this relationship .

Mineralogical data between Cape Henry and Cape Hatteras are detailed
by Swif t, et al .  (1971) , who ind icate very complex rela tionships.

4. Beach Usage and 
~~~~~~

The study area encompasses four categories as defined by beach
usage : Natura l , military , commercial , and residen tial . Prof ile l ines
1 (Fort Story), 6, 7, and 8 (Dam Neck) are military . The beach at
Fort Story is probably the most disturbed (of the four profile lines)
as far as vehicular traffic is concerned. Amphibious vehicles are
driven in the waters just off the beach , followed by l anding maneuvers
on the beach it se l f .  In addi tion , a road grader was used at times to
keep the beach , from the base of the dune seaward , as f la t and smooth
as possible. All these events have occurred directly at Profile line
1. There is less vehicular beach traffic on the beaches at Dam Neck ,
al though amphibious vehicles have been observed on occasion . The
Marines conduct drill exercises on the lower beach , but avoid the
dunes. There is a recognition of the importance of dunes at Dam Neck
as indicated by an extensive and active sand fencing program and an
effort to keep everyone out of the dunes .
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Virginia Beach Profile lines 3 and 4 may be c l a s s i f i e d  as commerc ia l ,
Vir ginia Beach profile lines 2 and 5 and Sandbridge profile lines 9 and 10
may he c la ss i f i e d  as residenti al. Both beach areas are closed to vehic-
ular traffic , and the residential areas experience a moderate amoun t of
t~s1ig ’ from sunhathers , surfers , and fishermen , and the storage of li ght
catamaran sailboats at the base of the  dunes , espec i a l l y  du r i n g  the
summer months. Immediatel y behind the beach in the commercial area of
Virg inia Reach (profile lines 3 and 4) is a concrete boardwalk wh i ch
contains a vertical bulkhead , protecting the city ’s multistory hotels ,
condominiums , and rest iu r an t s  from the ocean waves .  A l t h o u g h t h e beac~i
i s  o’~ ly  a~;e.~ by san—wo~’s~ ~~.‘rs d u r i n g  the sunrner ienths , the c ’f~cct S
of the bulkheaded boardwalk are felt all year long . The observed
reflection of waves off the concrete wall during storm conditions is
due to the absence of adequate amounts of sand . The natura l post-
storm recovery does not occur . Thus , the beaches , if left alone , would
erode down to the Sandbridge Formation . It is for this reason that a
beach nourishment program of dumping sand from Thimble Shoals Channel
(in Chesapeake Bay entrance) and pumping sand to the beaches to the
north directly from the south side of Rudee Inlet , which traps the
dominant northerly transport (see Fig. 2), had to be devised . Beach
nourishment is discussed in Section IV , 7.

Back Bay profiles lines 11 to 15 and False Cape lines 16 , 17 , and 13
are designated as natural areas. Back Bay National Wildlife Refuge has
received p u b l i c i t y  for a number of years concerning beach access to
vehicular traffic , and possible effects  t h i s  t r a f f i c  migh t have on th e
beach processes . Observations and studies by personnel of the Back
Bay National Wildlife Refuge (e.g., Smith , 1972) indicated that the
heavy visitor traffic through and within the refuge (several hundred
thousand vehicle trips per year) was doing permanent damage to the
flora and fauna . As a result of court action (Baird , 1973; Smolen ,
1973) vehicular access is now limited (subject to pend i ng court appeals ,
a revision in Federa l policy, or contemplated access routes to False
Cape State Park) to full-time residents south of the refuge and a
limited number of visitors by permit. Part of the problem revolves
around the open question of damage to the beach by a large amount of
vehicular traffic. The focal point of the court action lies with
North Carolina property owners who work and l ive in Virginia and want
to use Back Bay for trave l purposes instead of mak i ng the 3-hour trip
(161 kilometers) through Kitty Hawk , North Carolina .

False Cape State Park is open to vehicular traffic , hut because
of l imited access to Back Bay, traffic here is not as heavy as it could
be. Access to False Cape State Park , located between the Back Bay
National Wildlife Refuge and the Virginia-North Carolina State line
(Fig. 2) , is presentl y l imited to four-wheel drive vehicles passing



along the beach and hack dune areas and is subject to the limitations
di scu ssed previously. A stud y of various proposed access routes by
ei g ler and Marcellu s (1972) concluded that all proposed hard-surfaced

automobil e routes would ultimately cause permanent damage to the area
and that the onl y acceptable access to False Cape State Park would be:
(a) A n 2 ) u ) o r ; i J l  or rapid transit system , or (b) a ferry crossing from
knott s Island , North Carolina , across Back Bay to the hay side of
Currituck spi t at False Cape Landing. State-sponsored studies of this
problem are c o n t i n u i n g  (Division of Parks , 1975) and decisions are
ex pected i n t he  next  2 years .

l )ur i ng each survey , a bi rd census was tak ( n of both numbers of spe-
c i e s  and numbers of i n d i v i d u a l s . I t  was observ ed t hat whe r e h uman
population was densest and beach usage was most i n t ens i f i ed , the bird
p o p u l a t i (  was lower , and c o n v e r s e l y ,  bird populat ions were highest in
na tu ra l , r e s t r i c t ed  areas of Back Bay N a t i o n a l  W i l d l i f e  Re fuge and False
Cape State  Pa rk where human a c t i v i t y  was minima l (Fig. 6 and App . E).

The same was true for ghos t crabs (Smith , 1972) . None was observed
in areas experiencing a great deal of vehicular traffic , but they have
been observed in Back Bay and False Cape , with  a notable increase in
n umbers a f t e r  vehicular access was severely curtailed in 1973 (F. Smith ,
l s i l d l i f e  Biologis t , Back Bay Na t iona l  W i l d l i f e  Refuge , personal com-
mu n i c a t i on , 197 -I) . Few ghost crabs were observed north of Sandbrid ge.

I I I .  METHOI)S

1 . Beach Surveys .

The 18 profile lines were surveyed once each month for 27
months and a f t e r  eight  storms or periods of hi gh waves (some storms
did not b r ing  hi gh waves to Vi rg in ia  Beach , as discussed in Sec. V ,
2). Vertical distances were measured with a Dietzgen automatic
leve l and a telescoping fiberglass leveling rod graduated to 0.01
f oot (0 .003 meter ) . Hor izonta l  distances were measured w i t h  a
f ibe rg l a s s -po lyes t e r  woven tape graduated to 0.05 foot (0 .015
meter).

Each p r o f i l e  l i n e  was measured from the  top of the most seaward
of th ree  p ipes  ( p i p e  I) taking vertical and horizontal readings at
all si gnificant breaks i n s l o pe , to as far seaward of mean sea level
is possible under the existing wave climate. Scarps , hem s, last

h i g h  tide lines , and the waterline (or swash zones) were points also
measured and specificall y noted on the specially designed VIMS Beach
Survey form ( App . F )  a long  w i t h  other pertinent data gathered at the
s u r v ey  l o c a t i o ns . The advantage of t h i s  form is that  i t  can be
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handed directly to the keypuncher at the VIMS Computer Center for data
processing.

2. Surveyed Bench Marks.

Three 0.5-inch (1.3 centimeters) ga lvan ized  i ron p i pes , 4 to 5
feet (1.2 to 1.5 meters ) long , were d r iven  approx imate ly  3 to 4 feet
(0.9 to 1 .2  mete rs )  in to  the dune area at each of the  18 survey l oca-
t i o n s , except p rof i l e  l ine  3 at Virginia Beach where the east face of
the concrete seawal l  was used in place of a p i pe.

Pipe 1 , generally placed on the most seaward dune where there was
an unobstructed view of the profile line to the sea , was then used as
the reference point  at each of the p ro f i l e  l i nes .  Pipe 2 was u s u a l l y
placed on the adjacent  dune r i d ge landward to p i pe 1. This pi pe was
surveyed in to  var ious  local landmarks  ( i . e . ,  houses , power poles , and
other  s takes)  by magnetic bearing and distance at the begiuning of
the  s tudy.  Pi pe 3 was placed near the ed ge of heavy dune vegetation ,
or other area well back from the traveled section of dunes and beach ,
and concealed from publ ic view . The three pipes formed a straight
l i n e oriented perpendicular , or nearly so , to the existing shoreline.

A l l  three pipes at each profi le  location were surveyed to th i rd-
order accuracy by Freeman and Johnson , Engineers and Surveyors , of
Virginia Beach , Virginia , in Apri l 1976 (App . G). All elevations are
measured from the top of each pipe to MSL. The elevations for the most
seaward pipes range from 7.45 to 22.24 feet (2.27 to 6.78 meters)
above ‘ISL. The distances from these pipes to the waterline range from
30 to 130 meters . Some distances have been shorter or longer due either
to storm high tides , or ex t reme low tides.

3. Wave Observers.

As par t of this study , volun teers were recruited to make daily
observations of wave data at one of the 10 observation sites .
The volunteer ’s estimates of the wave period, the breaker hei ght,
the wave angle at the breaker, and the breaker type were recorded
on a wave observa tion repor t form made specifically for this study .
Wave per iod was measured us ing a stopwa tch , from wh ich the observ er
read the time elapsed during the passage of 11 wave crests past a
fixed point. Breaker types were categorized as either spilling,
pl ung ing , surg ing, spilling-plung ing,  or collapsing . Breaker
heights were estimated visually to the nearest one-half foot, and
the number recorded was the average of the highest one-third of
the breakers . The angle a breaker made with the shoreline was
measured to the neares t degree with a protrac tor furn ished on the
back of the observation form.
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The volunteer observer program was only partly successful. Observers
were recruited through newspaper advertisements , telephone calls , and
invitations to onlookers who expressed interest during the surveys.
U.S. Naval officers , hotel personnel , charter boat captains , housewi ves ,
and schoolteachers were among those who vo l un tee red to become wa ve
observers .

Observat ion s were made over a period of 29 months between July 1974
and November 1976. A complete ou t l i ne  of wave observer h i s tory  is in
Appendix H; seasonal averages of wave observations for each site are
in Section VI.

V i s u a l wave observations at the 18 profile lines ~ere also made by
the authors on most of their monthly and poststorm survey ing trips .
The resulting data were punched on cards and mean wave hei ghts , periods ,
and standard deviations were plotted at VI M S . These data are a l so
discusse d in Section ~ I -

- I . Data Processing.

Raw survey data (distance and height) were taken in the field on
specially designed computer keypunch fo rm s (App . F - I ) .  The data were
punched directly from these forms onto cards at V I M S  and processed
in a computer program that generated data which was then transcribed
onto CERC Form No. 121-72 . Anot her set of VI”IS punched cards
was run i n  a second program called COMPARE . The COMPARE program
literall y compared each survey with the survey measured at the same
loca t ion  from the previous  month , and gav~ the  beach cha nge ( e i the r
erosional or accretional) as the cumulative volume (cubic meters of
sand/linear meter of beach) (Colonell and Goldsmith , 1972; Goldsmith ,
Col on e l l , and Turb ide , 1972).

CFRC s i m i l a r l y  processed the  beach volum e changes from t h e i r
forms , and the computational results were similar. However , CERC ’s
compu ta t i ons  are presented and used throug hout t h i s  report (App . B)
to promote uniformity with other CERC studies. The \‘IMS area com-
putation s are used in the long-term trend analyses (App . C) becaus’
of uniformity with the VIMS profile data bank.

For both the CERC and VIMS computat ions , erosion was de f i ned  as
a negative net volume change , and accretion as a p o s i t i v e  net volum e
ch ange , for the area surveyed along the profile line. The profile
l i n e  extended from the M SL datum de t e rmined  by the surveyors , land-
wa rd to an arbitrary point at , or equivalent to , the crest of the
foredune ridge (i.e., the number one pipe). Thus, this net volume
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change may represent the al gebraic sum of erosion in one part of the
profile line and accretion on another part , as it often does. Only
in three poststorm , hi gh surf , and high surge conditions (I July 1975 ,
25 November 1975 , and 10 Apri l 1976) did a few of the surveys not
ex te nded seawa rd a l l  t h e wa y to the MSL datu m , although they were
q u i t e  c lose.  However , because of the  locat ion on the profile line
and the extent of the beach volume changes , discussed in detail in
Section V , these slig htly shortened surveys did not influence the
volume computations to any great degree , nor the comparison of changes
between profile lines , nor the conclusions.

5. Comparison of VIMS-CERC Surveys With Older Profile [)ata.

This was accomplished by finding and using in the new surveys ,
the exact profile pipes that were used in the older surveys (locations
8 , 10 , 12 , 13 , 14 , 15 , 16 , 17 , and 18) and using detailed descrip-
tions in the literature , field visits , informal correspondence with
the previous investigators and photographs (locations 1 , 2, 3, 4,
and 5). The stakes at survey locations 7 and 1] , which had been
surveyed by Goldsmith in 1972 to 1974, had been removed , so on l y
their approximate location (approximately 1 meter horizontally) could
be reoccupied and therefore, comparisons between the older and newer
survey data were not made for these two locations .

For the locations precisely reoccupied (Goldsmith , Colonel l ,
and Turbi de, 1972), the computer program was mod ified to calculate
beach volume changes us ing the original survey data. On ly the las t
survey at each prof i le l ine was recalcula ted into the CERC format
to compare directly with the first VIMS-CERC survey . These data
were on the original punchcards generated by the previous investi gators.
Since the survey techniques employed were the Schwartz one-man beach
prof i le techn ique and the Emery method , the accuracy of these older
data may be below CERC ’s standards . Al so, since all the surveys did
not reach the same MLW datum as the later surveys , volume calcu lations
of the older data and compar isons between the newes t surveys of the
previous investigator , and the oldest survey of this study did not
involve the same length of profile line . Despite these weaknesses in
the older data, it is in teres ting tha t the same eros ion and accre tion
trends exhibited in the newer VflIS-CERC survey computations are also
exhibi ted in the older data at the same survey locations .

6. Statistical Beach Trend Analyses.

Because of large fluctuations in volume changes between surveys at
each of the survey locations , it is often difficult to discern net



erosion or accretion trends at a profile line. Also , even when trends
are apparent , some appear to be “stronger” at some locations than at
others. In order to quantify this , heretofore , subjective evaluation
of the main factor describing the beach activity , erosion versus accretion ,
a statistical scheme was developed and first used in Goldsmith , Farrell ,
and Goldsmith (1974a) . This scheme was adopted in this study , and is
described be low.

To test for statistically si gnificant erosion or accretion trends
at each beach profile line , a linear regression line was calculated for
cumulative beach volum e change against time (in weeks) using a stand-
ard canned program on the VIMS IBM 370 computer. The null hypothesis
assumed that the calculated regression line represented the distribu-
tion of beach volume change with time (i.e., si gnificantl y different
from chance within the 27 months of survey measurements). This was
tested at various levels of statistical si gi-iificance (e.g., 1 , 5 , 10 ,
and 50 percent ) and the null hypothesis was accordingly rejected at
the appropriate significant leve l , and the erosion-accretion trend
was con s ide red to  be s t a t i s t i c a l ly s i g n i f i c a n t  at tha t  l eve l .  I t  is
interesting to note that all ei ght profile lines exhibiting trends
considered statisticall y si gn i ficant (at 1 percent level) showed a
large statistical difference from the other profile lines (i.e.,
there was a major break in the groupings of the si gnificance levels) .

7. Ground Photography .

\umc rous 35-millimeter color- slides were taken on each of the sur-
veying trips . Views up and down the beach , as well as along the
profile line , were inc l uded along with other interesting features such
as scarps , vegetation , surf conditions , and usage . These slides are
stored in the Coastal Engineering Information Anal ysis Center at
(;ERC.

Photographs of various beach conditions at each of the 18 profile
l i n e s  are in Appendix A.

8. Aerial Inspection.

Aerial flights were made over the study area at altitudes between
l 3() and 300 meters, as close to the time of surveying as weather
permitted. Oblique 35-millimeter color slides generally overlap ,
showing the beach area between the profile lines , as well as the
profile sites . Beach features such as scarps , overwash areas , dune
orientation , suspended sediment pliur.~s in the surf zone , and near-
shore bars can he readily seen in slides taken from low-altitude
ai rcraft .
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Thi s information is help ful in supplementing the survey measure-
ment s t~ g i ve a t h i r d - d i m e n s i o n a l  v i e w  of beach changes and processes
i n the  s tudy a rea .  -\ 1 .2 -me te r  by 2 .4 -me te r  sheet of plywood , painted
international orange , was p laced near pi pe 3 at each of the five Back
Ba~ National Wildlife Re fuge Profile lines (11 to 15). This helped
in loc ating the profile line from the air. The targets were oriented
t o  the profile line , and were easily seen from the air. All other
profile lines had sufficient local features to aid in the exact
location of the survey site s from the air and in the photos.

Photos from these fli ghts showing the 18 profile locations and
other interesting features are in Appendix A.

9. Currituc k Reconnaissance.

Beginning with the third quarter of the study , a quarterly ground
reconnaissance tri p to Currituc k Counts’, North Carolina , was con-
ducted . Beach sampling stations were established every 6 .4  kilometers
from the Virg inia-North Carolina State line to 38.6 kilometers south
of the line , ending just north of the construction site of the CERC
Field Research Facility.

\t each station , foreshore slope angle and sand grain size were
measured at a location approximately two-thirds of the way up the
beach face. Slope angle was measured in tenths of a degree with a
Brunton Pocket l’ransit. Sand grain size was measured in quarter-
phi  units (using a pocket-size , “p h i - s i z e  f inder ”) and the beach-
face surface grains were recorded as to  the ex ten t  of size sorting.
The V IM S form used during the reconnaissance is in Appendix F—2.

IV . REVIEW OF LITTORAL PROCESSES

In this section , information and previous work on the various
proccss~~ that affect beaches in the study area are reviewed and
summarized. These include tidal range, wave cl imate , w inds , storms
and related surges , nearshore circulation eolian activity, and mos t
importantly for this area , the role of man .

1 . Tida l Range. -

The neap and spring tides recorded at the Hampton Roads tide gage
within Chesapeake Bay entrance , and the predicted tides for Virg inia
Beach and False Cape , which straddle the study area , are shown in
Table 3.
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In  t h i s  stud y area , the t i d a l  ranges at four local tida l reference
s t a t i o n s  (Cape Henry , Virginia Beach , False Cape , and Currituck Beach
Lighthouse) vary from 2.5 to 3.6 feet (0 .8  to 1 .1 me te r s )  for mean
tidal range and 3.0 to -1 .3 feet (0.9 to 1.3 meters )  for spr ing t ida l
range . Hampton Roads , Virginia , within Chesapeake Bay, is the nearest
National Ocean Survey (NOS) tide gage to the study beaches. Tides at
Cape Henry , Virginia Beach , False Cape , and Currituck Beach Lighthouse
are determined by applying tabulated corrections at these locations ,
to those predicted at Hampton Roads.

Mean and spring ranges , and mean t i de  l eve l s  tend to increase
as the distance from the influence of the Chesapeake Bay increases
(Table 3).

I t  is i mpor tan t  to note that with this relative ly low range , the
w i n d  can have an important effect on the water level. It  was observed
that with either strong onshore or s trong offshore winds , the re-
sulting beach tide level remained either high or low , respectivel y,
throughout the 12-hour tidal cycle.

2. Wave Climate.

Wa ve climate data in this area have been summari zed , synthesized ,
and contrasted from six data sources by Gutman (197 6) . These sources
i n c l u d e  Marsden square ship wave observations for Marsden 1

0 subsquare
65 of ‘larsden square 116 ( 1948 to 1973) and Chesapeake l i g ht  obse rva-
t i o n s on the shelf , Virginia Beach gage (1964-1969), Cooperative Surf
Observation s Programs (COSOP), and VIMS-CERC wave observers at the
shoreline , and Sverdrup-Munk-Bretschneider (Sf18) hindcast data for
1948-1950 by Saville (1954).

Percent frequency occurrence of si gnificant wave hei ghts for a l l
these sources , and monthly averages of significant wave heights and
per iods  for  the Virginia Beach gage (located at Profile line 3) are
shown in  Fi gures 7 , 8 , and 9. Shi p wave observations by direction
and hei ght are shown in F i g u r e  10 (Gutman , 1976) .  These data  show
that :

(a) The highest shoreline waves ( .. 2 . 3  meters )  occur only 0 .1
percent of the time (COSOP data).

(h) the hi ghest average sign i fi can t waves occur in October ,
February , September , Jan uary , March , and Apr i l ( in order of
decreasing heights), and range between 0.9 and 0.6
meter. The lowest heights occur May to August.
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te ) the longest average significant wave period s occur in
October , ,-\uglis t , J u l y , Dece m ber , a nd September ( i n  order
of d e c r e a s i n g  p e r i o d s )  and range  be twe en  9 . 2  and 8.5
seconds

( d )  i l a r g e  s t a n d a r d  dev ia t  ion occurs and there are very small
monthly differences in both heig hts and periods.

The effects of the shelf geomorphology on wave refraction , and
resulting shoreline sate energy distribution , are di scn~~ed in Section
11 , 2.

3. Wifld~~.

Wind data from the Norfolk International Airport , approximatel y
16 kilometers west of Cape Henry are summari:ed in Fi gure 1 1. North-
east and southwest winds occur onl y sli ghtly more frequently than
the other directions. However , the hi gh velocity winds (especially
greate r tha n or equa l to 11 meters per second) are much more frequent
from the nort heast . The lac k of i mportance of hig her velocity north-
west winds in the Norfolk data supplied by the Nationa l Climatic
Center (A sh ev i l l e , North C a r o l i n a )  i s  not c o n s i s t e n t  w i t h  data
recorded at other weather stations around Chesapeake Bay (Rosen, 1976),
with llatteras wind data (Gutman , 19”7), or with data recorded by Gutman
(1977) and Gutma n , Henni gar , and Go ldsmi th  (19 77) described below .

Additional wind data between .Januarv and October 1976 are sum-
marized in Fi gure  12 from an anemometer installed on top of
Currituck Beach Li ghthouse (Gutman , 1977) (Fi g. I). The instrumen t
used was a Bendix-Frieze Recording Anemometer located 168 feet
(51 meters) above ~1SI.. I t  operated continuousi . Data were reduced
at ~‘IMS according to standard National Weather Service format where
average readings are taken every 3 hours (ei ght readings per day).

Note the i mportance of both the dail y and hi gh velocity winds
from the  n o r t h , n o r t h w e s t , a n d  southwest  r e l a t i ve to  the less frequent
n o r t h e a s t  winds . A m a x i m u m  w i n d  of 100 m i l e s  per hour (14.7 meters
per second) was recorded on 9 October 1976 , due to a to rnado which
ac t u a l l y  touched down in  Corolla.

4. Storms  and Storm Tides.

Extratropica l storms (1956 to 1969) , t rop ical  storms ( 196 4  to
1969), and the time of operation of the Virg inia Beach gage (1964 t o
1969) were summar ized  by Gutma n ( 1976 ) from i n f o r m a t i o n  provided h~
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I

W.S. Richardson , Techni ques Development Laboratory , National Weather
Service (personal commun i cation , 1976). This list includes all
‘ storms ” defined as havin g a recorded tide gape surge greater tha n
0.6 meter (Table 4) hut only for the months of November through
‘.la rch (i.e., storms occurring in the other months were not tabulated
by  Pore , Richardson , and Perrotti , 1974). This average of extratropical
storm s of three per year agrees well with other longer term averages
for the Hampton Roads area (Pore, R ichard son , and Perrotti , 1974,
Fi g. -1). Beach observation s in this study indicate that the major
factor concernin g the occurrence of erosion is the height of the
storm surge , which allows even moderate-size waves to erode parts
of the beach (~,arnke , et al . , 1966).

There are , of course , problems in relating storm surges measured
at Hampton Roads , within the southwest part of Chesapeake Bay , to
storm-induced erosion occurrences on the ocean shoreline which lacks
sufficient tide gage records . However, Richardson ’s data show that
at the time of most measured surge occurrences , the peak winds were
blowin g from the northeast or east. Although the peak winds given in
Table 4 are the daily peaks , these data were cross-checked by
Richardson against peak winds at 3-hour intervals , to verify the
direction s as representative of surge conditions. The surge hei ght
was the maximum hourly ubserved value , with most surges lasting at
least ~evera1 hours. (W. S. R ich ardson , persona l communication , 1977).

These surges are generated by hurricanes (h arris , 1963) and
extratrop ical storms (Pore , 1964). The surges associated with
hurricanes are generally higher than those surges associated with
e x t r a t r op i c a l  storms . However , the duration of the hurricane surge
is generall y shorter than the duration of the extratropical surge .
he long duration of the extratropica l surge almost guarantees

that it will last through one hi gh tide , while the shorter live ,.!
hurricane surge may comp letely miss a high tide (e.g., Hurricane
Belle in August 1976).

The t ime of occurrence of the storm surge with respect to the
normal high tide is of grea t impor tance becau se it can mean the
d i fference between serious and minor flood i ng. The Norfolk harbor
experienced serious flooding during an August 1933 hurricane when

• water levels of 8 feet (2,4 meters) above MSL were recorded (U.S.
Army Corps of En gineers , 1970). Unfortunately, as previously in-
dic ated , these data are from inside the bay , which may be qui te
di f fe ren t from the ocean shoreline study area wh i ch lacks a tidal
gage .
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Tabl e 4. Occurrence of storms In V irgtn ~a Reach area for the months of Nove.b.r to Ma rc h 1 .
(from W. S , Richardson , U.S . Weather Service , personal co~~~,n ,ca t ion . 1976 )

Ex t r a t rop i ca l  ( 1956 to 1969)

W ind

Storm late Surge Speed Di rection

__________ 

(ml (kn)

II - lan. i l ~~
, 1. II~I 33 NE.

II tpr - I ‘Oh I. 62 1,
3 . v .  19Sf, o .J ’ I 29 NI

111 Feb . 14. ’ 0. ‘3 33  NJ
N Mar. i ’O-. 0. 1’ ’ .0’ hi
I Now . I”~.” 0. 82 26 h F .

Jan. I’l~.t 0. 70 44 I -
I Feb. 1 : 9  0. 67 30 N

19 Mar. 1958 10 1.7 II Ni
17 M.,r. 19S8 0. ” ” N
Ii ‘ - ~ - 1958 0 , 1. -i 27 NI
2 1  l’ i-~ - 1958 0 . 70 38 I -
12 A p r .  l O~ 0 . 71. 45 NE.
IS I’e~ - ‘01 0. 64

SI . l.i~ - 1 11,9 11 . 111 42  Ni  -
13 r h , 1 960 0.70 49 hi

3 ‘O r .  115,0 0. 88 52 II.
Il 11cc . 11160 0 . 61 40 6 ,
I’ . jan. ‘lI I 0.61 13 6 .

N Feb . 1961 0 . 73 27 NJ -
22 M a r. 191,1 0.67 33 II.
28 Nov. 1111.1 0 .61 23 NW .
28 I,, - . 91,2 0. l’7 9” NE.

M.,r. ‘ ‘ ‘ 2  I. “0 4 1  Ni -
2 Mar .  ‘11,1 0. 7 .1 20 N .
3 ‘-‘ v . 1111 2 0. “Ii 33 5-

21, Nov . 1962 1.02 4 1  6 .
8 Feb . lil A 0. 70 30 III -
6 ‘s v .  ‘ 1 1 , 1  0. 73 .38 F.
4 .1 .,, 1 ,1,1 2 0 .1, 28 N.

2 2  Jan . 1 , 11.1 2 0.8 4 2 F.
2 feb .  9,9 2 0.6 32

II. Ja n. 19652 1.2  35 Ni -

~2 lan. lIl A 0.9 36 I..
29 Ja n. l96b~ 1.1 .37 F.
24 0ev . 19662 0. 7 31 NE.

7 Feb . 196 7 2 0.8 33 Ni -
12 Dec. 1967 2 0. 6 31i F.
29 11cc. 1967 2 0.6 31 6.
14 Ja n. 19682 0. 7 55
$ Feb.  1968 2 0.8 30 hi . -

10 Nov. 1968 2 1.3 34 N -
12 Nov. 29682 0.8 47 NI -

2 Mar. 1969 2 1 . 8  40 5 .
2 Nov.  1969 2 0.8 3Ji Ni . .

Trop ical (1964 to 1968)

I leo I Sq l  - 1964 2 0.3 42 151
ll,,ra 15 Sept. 1964 2 1 - 1 61 NI
G l ad y s  23 Sept. 1 964 2 0 . 7  44 N .
lsa be il 16 Oct .  1964 2 0.8 SO NI -
Alma 2 5  June 19662 0.3 41) N .
DorIa lb Sept . 19672 1 .2 55 N .
Glad ys 20 Oct. 19682 0.4 46 NE.

Defin.d as having a s urge ‘2 feet (0.6 meter) at IIa. ~~ton Roads t ide  gage .
2V I r g ini a Reach gage operat Ing (0 ) .

I

)
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5. \t’:irshore (ircula t ion and Longshore Transport.

On the ba:~is of field studies , Harrison and Wagner (19~4) proposed
tha t  a nontida l drift eddy , with clockwise motion , exists between Cape
He nry and Rudee I n l e t .

An i n v e s t i g a t i o n  of the  ra te  of Iongshore t ranspor t  between Cape
Henry and the Virg inia -North Ca rolina line by an a n a l y s i s  of wave
elie r~ v (as computed from Saville ’s (1954) h indcas t  d a t a )  was made by
Ise inm an ( l ’Y ’ l ) .  lie determ i ned a net annual transport to the north
of ~~~ X l 0~ cubic yards per year (‘7 .4 X 10~ c u b i c  meters per year) .
.\ l t hough t h i s  t o t a l  i s  probably  too h i gh , t he d e t a i l e d  r e s u l t s
qua 1 i t a t i v e l y agree with other studies , and emphasize the importance
of southeast  waves i n  this area (Goldsmith , et al. , l974b) , as dis-
cu ssed e a r l i e r .

l.ongshore transport rates were also calculated from tracer anal-
yses at Rudee Inlet by Bunch (19~9). An approximate mean northerly
t ranspor t  of 70 , 00)) cub i c  yards per year  (53 , 000 cubic  meters per
year ) was calculated from five tests conducted between 8 November 1968
and 2~

) March 1969, during times of moderate wave height s.

-\n ad ditional indication of the amount of northerly transport is
; i v ; i i f a b l e  fr om dredgi n g data for Thimble Shoal C~)annel (U. S .  Army
Eng ineer District , Norfolk , 1971). Approximately 1 X 10 6
cubic yards (0.76 X l0~’ cubic meters) of materia l is removed every
2 to 3 years from jus t the main channel , located wi th in the Chesapeake
Bay entrance (Fig. 1). Thus, the dredging data probably give only
a minimal estimate of the longshore transport along the study area.

Critical to any research and coastal engineering effort in this
area is  the location of the noda l transport zone; i.e., the zone
where the unettt longshore transport is zero . More specifically, how
far south of Rudee Inlet (where sediment accumulates on the south side
of the inlet jetties) is the zone where the net southerly transport
resumes transport to the south is prevalent on most of the U.S. east
coast?

6. Fiolian Processes.

In relat ion to long-term viability and preservation of Currituck
Spit , the most important processes appear to be eol ian.

There are three basic types of dunes in the study area (except
for Profile lines 3 and 4): (a) Vegetated dunes , (h) medaños (i.e., a
transverse sand hil t on the seashore), and (c) parabolic dunes . 
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~J l ’ .Z t ~~,i dunes accumulate around vegetation , which act as sand -
trapping baffles (vertical growth of 0.3 to 1.0 meter per year), and
also as an internal skeleton fixing the dunes in place , and result in
a characteristic internal geometry containing low-angle dipping beds
(mean = 120) and polymodal d ip d irec tions (Goldsm ith , 1973; 1975b).
The vegetated foredunes are hi ghest and most prominent at Profile
line 2 (61st Street , V i r g i n i a  B e a c h ) ,  in Back Bay , and in False Cape
where they reach elevations of 10 meters. At Cape Henry and in
Currituck County, the foredunes are lower in elevation (usually about
3 meters) and grade landward into sparsely vegetated eolian flats con-
taining multi ple lines of sand fcncin~ .

______ 
are large , isolated unvegetated hills of sand , 10 to 25

meters in elevation , and asymmetric in profile. They migrate down-
wind up to tens of meters per year by a process which produces char-
acteristic slip faces of unconsolidated sand dipp ing at the angle of
repose on the leeward side of the dune. About a dozen medaños occur
in Currituck County, with elevations up to 25 meters (Lewark Hill)
and migration rates up to 20 meters per year (Jones Hill , 1955-1975).
I n tot a l , they represent a signif icant am ount of sand ( i . e . , many
times the annua l longshore transport rate).

Parabolic duneB, defined by their characteristic planimetric
view , are similar to medai~os in that they have a slipface formed in
direct response to the dominant wind , and a deflation zone within
their upwind concave side , but are different in that they have an
internal geometry more characteristic of vegetated dunes and may be
fixed in place depending on their recent vegetation history . Par-
abol i cs occur promin ent ly in False Cape State Pa rk , and also in
Currituck County where their aerial distribution typically grades
from vegetated parabolics to transverse dunes (i.e., medaños) in
an upwind direction . Parabolics also show in situ tempora l changes
to other dune types. These dunes are discussed fu r ther  in  G o l d s m i t h ,
et a l .  (1977) .

Ongoing studies at VIMS indicate that sand is blown from beach to
dun e and back throughout the width of Curri tuck Spit . The class ic
idea of sand blow ing from the beach landward in to the dunes may be
overly simplistic to the point of being incorrect. Further compli-
cating this matter is man , through the ac tive sand fenc ing progra m
since the 1930’s, which has bui lt up the foredun es a long the area
south of Sandbridge . These foredunes, which result from natural
processes aroun d an ar ti f icially heightened dune, may resul t in a
differen t type of dune , and unforeseen consequences . Also , as shown
by Leatherman ( 1976) , eolian transport of sand from overwashes back
onto tie foredunes and onto the beach is a very significant process.
Artificial heightening of the foredunes in this area has cut off the

48

-4-”-



sand supply to the interior , which has permitted vegetation to
stabilize the interior (Gutman , Hennigar , and Goldsmith , 1977).

An active program of grass planting is being carried out adjacent
to , and on either side of, profile line 2. Back Bay t s active~ sand
fencing program in the dunes ended in 1974 by order of the Department
of Interior (Li . Hollands , Manager , Back Bay National Wildli fe Refuge ,
personal communication ,1977). The placement of sand fencing was
observed to be effective in accumulating sand and building up the
dunes; e.g., at profile line 14, a 1.8-meter-high fence was complete ly
encased in sand w i t h i n  a 2-year  period (1972- 1974) .

7. Beach Nourishment.

Since 1952 , a beach nourishment program for Virginia Beach has
been conducted along an 8-kilometer shoreline from Cape Henry to
Rudee Inlet. Concentration of this effort has centered in the 5.5
kilometers just north of Rudee Inlet , of which 3 kilometers has been
bulkheaded with a concrete “boardwalk” in the area of the ocean-front
hotels.

By the end of fiscal year 1976 it was reported by the Norfolk
District that a total of 5.9 million cubic yards (4.5 million cubic
meters) of sand had been placed on the beach (Table 5) to rep lace
the material lost due to a northerly transport and other erosional
factors .

Various means of supply ing the sand were: (a) Haul ing  by truck
from a d i s t an t  sand s tockpi le  at Cape Henry where the dredged material
from Thimble  Shoa l Channe l in Chesapeake Bay entrance has been
pumped ashore and stored ; (b) dredging of Rudee Inlet ; (c) sand
sources dredged by enlarging “Rudee Harbor” ; and (d) bypassing of
ocean-front sand from the south side of the inlet jetty to the north
side of the inlet .

Approximately 9 percent of the total volume that has been used
to nourish the beaches , or 515 ,040 cubic yards (391,000 cubic meters),
has been placed on the beach since the beginning of fiscal year 1975.
Most of this has been either inlet-bypassed , or truck-hauled from the
Th imb le Shoa ls stockpile at Cape Henry .

It has been observed that much of the nourished sand is usually
removed by the first small or moderate storm . Therefore, nourishment
is req ui red , more or less , continuously. The net northerly transport
moves some of this sand to the north to Cape Henry and Thimble Shoal
Cha nnel , where w ith the aid of man , the sand is recycled back into
the transport system .
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V
V.  BEACH Ch ANGES

1. Reg iona l  V a r i a t i o n s  in Beach Vo l ume Changes l)ur ing VIMS-CERC Study.

In analyzing 27 months of data from the study area , it became
ev i dent t h a t  certain areas had usually accreted , some had usually
eroded , and some were either stable or fluctuated too much for any
discernible trend to he recognized . Appendix I give s the total
cumulative volume changes with time for each of the 18 profile lines .
Plots of profile line cumulative volume changes with time (18 VJMS-
CERC profile lines) are in Appendix B. Figure 13 represents grap hi-
c a l l >’ the  7-month  to ta l  c u m u l a t i v e  volume at each p r o f i l e  l i n e , and
Figure 14 shows similar data at 9-month intervals , using CERC ’s
volume calculations. All these volume data represent net changes
along the profile line between the nunoer 1 pipe and the MSL inter-
cept determined by the surveyers , as discussed in Section III , 4.
A qualitative description of the 27-month volume trends and major
events is presented in Table 6. Statistical analyses of beach
trends for the 27-month study and the historical changes are given
in Tables 7 and 8, respectively, and are shown graphically in
Appendixes B and C.

Fort Story (Profile line 1) appears to have accreted throughout
the study . Even the severest storms did little damage at this
survey location . Although the 1 July 1975 storm was followed by
sign i ficant accretion , the 25 November 1975 storm was followed
by minor erosion . However , one factor , whose influence remains
unknown , is the occasional leveling of the wide beach area with a
road grader by the U.S. Army .

The Virginia Beach area (profile lines 2, 3, and 4) tended
to erode , but this was offset with beach nourishment . The
total volume of the profile lines fluctuated considerably and is
probably due, to some extent , to sand nour i shment . Howev er , it
woul d seem accurate to assume that the area would be eros ional ,
without  beach nourishment (see Section V I I , 2 ) .  P rof i l e  l ine  5 ,
upd ri ft of Rudee Inle t , displayed a sligh t , statistically non-
significant accretional trend .

In the Dam Neck area, profile line 6 appears to be erosional;
whil e Profile lines 7 and 8 seem to be slightly accretional to
no trend because of “very acti ve” volume changes. Prof i le l ine 8
follows a fence which separates Dam Neck from Sandbridge and obser-
va tions clearly indica te tha t the sand level has been r i s ing nex t
to the fence above the high t ide l ine , whi le  the beach face has
remained the same or sl ight ly eroded during the study.
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I

Ta ble 7. Linear regres s ion l i nes fitted t o  the beach volume trends and stat i st i cal si g ni f i cance of the 1’-.onth trends .
Septem ber 1974 to November 1976

(See Sec t i on  I l l , 6 fo r explanation and App . 8)

Est imated

- . 
I’ r o f l I e  line c o e f fi c i e n t  Y Interc ept I Statistic 9 1 Sign i f icance 2 Trend1

1 6,40 -.2053.81 7 .47 0.67 0.001

2 0.14 - 18.76 0.26 0 ,00 1 0 .80

3 -3.02 914 .63 -3.80 O .3~ 0,001 -

4 -0.S0 233.36 -0.78 0.02 0.50 -

S 0 . 1 4  - 74.65 0.34 0.001 0.75

6 -2.94 790.22 -5.39 0.50 0.00 1 -

0.73 - 195 .27 1.56 0.08 0,20

8 0.17 - 51.78 0.24 0,001 0.95

9 - 2 . 1 6  S24 .26 -4 .48 0.41 0.001 -
10 0.92 — 305,47 2 .23 0.16 0.05 *

Il -2 .15 586 .32 -3.85 0.36 0.001 —

12 2.47 - 241.60 0,37 0.01 0.70 *

13 0.84 - 404.S6  1.68 0.09 0.~ S

14 1 .6 1  . 573.04 3 .01  0 .24  0.01 *

15 0 . 72  - 308.91 1.59 0.08 0.20

16 2 .15 - 619, 17 3.50 0.29 0.01 *

17 0.40 - 130.00 1.01 0.03 0.40 a

II 1.65 - 544 .24 3.2S 0.26 0.01 *

accre tion; - , erosion.
2m~ lowe r the number , the higher the s ignIficance; e.g. , 0.001 indi cates that the erosion or

accre tion trcnnl 19 not duo to chance at the 99,9 percent loy al.

I
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e

Tab le 8. l Inear regr ess ion line s fitted to the beach volume trends and stat l~ tIc .I
si gnif i cance of the long-ter m trends . (See Sec . III , 6 for explanation
and App. C.)

Estimate d
Profile line coe fficient V Intercept ~l Si gn ifIcance 2 Trend 1

I~

2~

33

4 3

5 3

8 -0.52 I5l .S9 0.14 0.001 -
10 0.16 - 27 .49 0.03 0.20 *

12 6. -3 - 2 2 0 7 . 2 8  0.68 0.00 1

13 1.09 - 489.12 0.06 0.10

14 4 .08 -1399.52 0,88 0.001

IS -0.05 - 85.93 0.001 0.90

lb 0.04 46.60 0.001 0.001

17 1.26 - 232 .90 0.31 0.001

18 5 .47 -1743. 74 0.92 0.001 *

~., accret ion ; - , erosion.
2The lower th e number , the higher th. significance ; e.g. • 0.001 Indicates that th.

erosion or accretion trend is not due to chance at the 99.9 percent 1,vel.
3 1)sta does not moot basIc assumptions.

• 1
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In Saudbridge , profile line 9 appears to have an erosiona l trend .
Fhis profile l i n e  has proved to he vulnerable to storms , and storm
recove ry has usually been slow . Profile line 10 has a sli ght accre-
tiolla l trend , with the exception of the major influence of the 25
November 197S storm .

The Back Bay area (profile lines 11 to 15) appears to be in
an accret ional  state , except for profile line 11 which appears to
he eros ional  due m a i n l y to the e f f ec t s  of the  25 November 1975 storm .
Beg i nn i n g w i t h  p r o f i l e  l i n e  14 , and m o v i n g  south , the beaches become
w i d e r an d f l a t t e r , and from the  survey data , tend to d i sp lay  “ne t”
accretional trends.

l’he e n t i r e  Fa lse  Cape area (profile lines 16 , 17, and 18) appears
to be a c c r e t i o n a l  (w i t h  p rof i l e  l i ne  17 less accretional). .-\n
i n t e r t i d a l  and sub t ida l  area of stumps b e l i e v e d  to  he the remnants
of a cypress forest , is located in the nor thern  sect ion of t h i s  area
between profile lines 15 and 16. Most of the time these stumps are
nearly covered with sand , and are most often exposed only after
storms . In genera l , the stumps were most exposed ( s ince  1972) in
November 1975 , and g radua l ly  became covered du r ing  the f o l l o w i n g
year . Although storm effects may be f a i r l y  severe , recovery is
u s u a l l y  very fast , and the long-term trend is accretiona l .

In genera l , the  t rends read i ly  apparent are :

(a) Accretion at the north and south ends of the study area
(profile lines 1 and 2 and 12 to 18). Profile lines I ,
14 , 16 , and 18 have statistically very significant (99 .) )

percent ) accrctional trends.

(b) Erosional profile lines are , in general , in the center of
the study area . Prof il e l ines 3, 6, 9, and II have sta-
tistical ly very si gn i ficant (99.9 percent) erosional trends.

(c) Most active profile lines (i.e., large fluctuations in
beach volume changes) also tend to be at the north and
south ends (profile line 2, 5 , 7, and 17) and the  most
inactive profile lines (9 to 13) are in the center
(T able 6 ) .

Superimposed on these trends are many exceptions (e.g., accre-
tion at profile line 10 between two erosional profile lines ) and
extensive masking of the natura l trends by man ’s activities (e.g.,
profile lines 1 , 3, 4, 5, and 8).
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2. l)ifferi
~~L

ProfLle Response to Speci fic Storm Events.

l)uring the study , the study beaches were additionally surveyed
after ei ght storms . (Actually a total of 9 storms , inc l uding the 3 to
4 J)ecemher 1974 storm which was surveyed durin g a regular monthly pro-
file session.) The storms of 1 .Ju ly 1975 and 10 August  976 we re
tropical storms ; the other seven were extratropical. The dates of
the storm surveys were 15 and 20 March , 1 July, 3 September , and
25 No v embe r 1975; an d 12 Mar ch , 10 Apri l , and 10 August 1976 . The
most devastating storm effects were surveyed 25 November 1975 , and the
second worst erosion occurred from Hurricane Amy , surveyed 1 .July 1975.
Table 9 describes qualitatively the hi ghly variable effects of each
storm at each survey location . Appendix I) details the various para-
meters of each storm , and Appendix I presents the precise surveyed
volum e and MSL intercept changes.

The first storm event surveyed was 15 March 1975; this storm appeared
to be the least eventful and least damaging of the nine storms involved .
l ive profile lines (I at Fort Story , 6 and 7 in Dam Neck , 10 in
Sandbrid ge , and 12 in  Back Bay) ac tua l ly  showed net sand volume accre-
t i o n , e s p e c i a l l y  in the area between the base of the dune and the berm .
Four profile lines (4 in Virg inia Beach , and 11 , 13 , and 14 in Back
Bay) appeared to be virtually unchanged from the preceding surveys in
February. The remaining profile lines were erosional , but on ly  to a
minima l degree , and this erosion was mostly confined to the area of the
berm seaward to MSI..

The second March storm was surveyed 20 March 1975, and was of greater
intensity than the first , but the effects were certainly not devastating.
Four profile lines (7 at Dam Neck , 9 at Sandbridge , and 14 and 15 Zat
Back Bay) were slightly accretional . Profile line 4 (Virginia Beach) ,
6 (Dam Neck), and 18 (False Cape) remained virtuall y unchanged from
the  previous measurements. The other 11 profile lines were eros i onal.
P r o f i l e  l i ne  3 (Virg in ia  Beach) was the most d r a m a t i c a l l y  af fected ;
it was erosional over the entire length of the profile line (-12.3 cubic
meters per meter). The remaining profile lines were mostly eros i onal
over the entire profile length , hut to a lesser extent .

Hurr i cane Amy passed through the study area 28 to 30 June and the
beaches were surveyed 1 July 1975. Although winds were recorded at
22 knots (App . D), the h igh seas were probably the most i nfluen ti a l
factor affecting beach erosion . Only profile l ine 1 at Fort Story
showed any accretion , although there was a fairly si gnificant
amount of erosion below the berm area . h owever , there was also a
significant amount of accretion in the backshore area. Only profile
l ine 11 in Back Bay showed very little change from the previous sur-
vey i n June. A l l  other loca tions showed a sign i f ican t amount of
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erosion , especiall y in the area from the berm seaward and including
the s~ash zone . Profile line 9 at San dbrid ge was erosional  ( - 1 6 . 4
cubic meters per linear meter) from the base of the duae to swash.
After the hurricane at profile l in e 3 in the heart of the commerical
area of Virginia Beach , there was essentiall y no “beach” at this
location . Ici t h the abnormally high tide and strong easterly winds ,
heavy surf reached to the seawall at midtide , removing the beach.
Ponding occurred at profile line 15 and behind a fairly hi gh be rm
at profile line 1 . There were wind shadows behind the front dune at
profile line 12 . Most beaches had at least partially recovered by
the time of the next profiling (9 July) . Onl y profile line 18 con-
tinued in an eros ional  s t a t e .  Total recovery had occurred at all
locatians by August.

The 2 to 3 September storm was not as erosional as Hurricane Amy .
kiowever , all but three locations (1, 5, and 15) showed some degree
of erosion , and perhaps even more significant , recovery at most sites
was very slow . ~1anv locations still had not full y recovered by early
November. Only profile lines 2, 8, 11 , 12 , and 16 showed any
recovery later in September at the next survey ing trip. Here again
most of the beach loss occurred in the berm area.

The 23 to 25 November 1975 storm was certainl y the most destructive
in terms of beach loss and prolonged recovery time for the entire
stud y area . Only profile line 4 in Virg inia Beach showed any accre-
tio n . A slight amount of beach loss near the berm occurred , hut there
sas a si gn i ficant amount of accretion on the lower beach face
extending to the swash zone . All other locations showed a signifi-
cant amount of erosion , many from the base of the foredune seaward to
below the berm . The storm high tide line at False Cape and Back Bay
was observed to have reached the front line of dunes , and the hi gh
water tide appeared to have penetrated through the dunes at profile
l i n e  10 (Sandbrid ge). Ponding was observed at profile lines 1 , 10 ,
and 15 . A gain , profile l i n e  3 in Virginia Beach was dramatically
af fec t ed . W i t h  t h e  a i d  of sand pump ing, the beach normally slopes
graduall y from the bulkhead to the waterline , but as a result of the
storm , sand was removed by high water wit hin about 0.5 meter hori-
:or )tally of the boardwalk . The result was a 1-meter vertical scarp
less than 0.7 meter from the boardwalk , and a concave-shaped profile.

Recovery from this storm was also very pro longed . Only profile
lines 16 and 18 showed any signs of recovery in l)ecemher. Profile
lines 1 , 2, 8, 9, 11 , and 17 continued to lose sand i nto December and
did not begin to recover until January or February .
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The onl y beach locations showing any si gnificant erosion after the
12 March 19Th storm were at profile lines 3, 5 , 7, and 11. A 0.8-meter-
hi gh ~.t ;irp was observed at profile line 6, and several asymmetric cusps
oriented northeast through southwest were observed at profile line 7 ,
s;n;ges ting that profile line 7 recovered faster than 6, or was s i g n i f -
i c a n t l y less eroded . Profile lines 4 , 6 , 10 , 12 , and 13 showed s l i ght
accret i on , and profile lines 15 and l~ appeared unchanged .

The 1)) \pr il 19Th storm was also not a si gnificant storm event .
The only profile lines showing any si gn i f i can t  e ro s ion  were  2 , 4, 9,
11 , and 12 . Remaining unchanged were profile lines 5, 6, 7, 8, 10 , 14 ,
and 15. Beach-shore ponding was observed both north and south of
profile line 1. Late in the afternoon of 10 April , plung i ng wav es ,
-25 to 65 meters offshore , were observed in the Virginia Beach area .
These waves were si gnificant because they were attaining hei ghts of 3
to 2 meters.

On 10 August 1976 , the storm effects from the passing of Hurricane
B e l l e  through the study area were surveyed. The only erosion was
observed at profi le  l i n e s  5 , 11 , 12 , 16 , and 18. P r o f i l e  l i n e s  1 , 7 ,
9 , 10 , and 14 showed overa l l  accret ional  tendencies , w h i l e  prof i le
l i n e s  2 , 6 , and 13 remained unchanged . From the survey data it appeared
that  sand from the  foreshore was eroded and transported onshore with
the storm ’s hi gh water and deposited on the upper beach area. The
hurricane passed at low tide , wh ich wa s probab ly  why eros ion was only
minimal. Pc rsding was observed at profile lines 1 and 14.

In summary , there are large variations in beach behavior among the
18 profile locations resulting from storms . Storm erosion was
most severe at profile lines 3 (Virginia Beach) , 9 (Sandbridge) , 11
(Back Bay) , and 18 (Fa l se  Cape) . However , some storm eve nts which do
a lot of damage at one locat i on , may leave another virtually untouched ;
e.g., profile line 11 after the 15 March 1975 storm . Recovery time
varied directl y with severity of storm ; the most destructive storms
resul ted i n a longer t ime of recovery . Beache s in the Vir ginia Beach
area required the most time for storm recovery and is possibly due to
the presence of the bulkhead behind the beach . Much of the recovery
in the V irg in ia Beach area i s due to sand nour i shmen t , wh ich i s
increa sed fo l lowing  storms.

3. Erosion-Accretion Trends Encompassing historical Profile Data.

A great deal of work has been done in the study area previous to
the VIMS-CERC study by a variety of investigators (Table I). Net
volume changes were computed directly from these original survey data
(discu ssed in Sec . I I I , 5), and then were plotted with the VIMS-CERC
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data to determine if there appeared to be any long-term trends , and if
so , what they were. The plots of survey volume changes with time com-
bined with the older survey data are given in Appendix C. Despite
possible weaknesses in the older survey data , several strong trends are
clearl y apparent . Most of these historica l trends coincide with the
trends delineated in this VIMS-CERC study.

Fort Story (profile line 1) has been in a definite accretional trend
since Fausak ’s work in 1969. The foredune area has been especially *

;iccretional.

Unfortunately, a true picture of exactl y what has been going on in
the Virg inia Beach area cannot be concluded from available data; again
the influence of artificial beach nourishment masks the true beach
processes here . Of the four locations involved (2 to 5), profile line 2
is probably the least affected . The erosional influence of the Ash
Wednesday , 1962 storm and the slow but steady recovery of the location
are c l e a r ly  ref lected in the data. Since that storm, the foredune has
built vertically some 3 to 4 meters , and the total sand volume is
greater than before the storm . This profile line is located in a
residential area , and the residents have taken great pains to plant
and protect dune grasses and sea oats. Certainl y th i s  planting, com-
bined with the downdrift nourishment , has had a major effect on dune
recovery and restoration . The remaining Virginia Beach profile lines
show slight long-term erosional trends in spite of sand nourishment .

Profile line 8 is the only Dam Neck location for which there is
any long-term data. This locat ion , which has appeared to be experi-
encing an accretional -trend (most notably above the high tide line)
since the VIMS-CERC study began , appears to be in an erosional (sta-
ti stically si gnificant) long-term trend .

In Sandbridgc , profile line 10 appears to remain in an almost
unchanged (only very slightly accret ional) long-term trend since July
1969. Surveyed beach volume fluctuations appear to have vari ed much
more widely (i.e., more active) from July 1969 to March 1971 , than
during the VIMS--CERC study .

The only Back Bay profile line suggestive of a long-term erosional
t rend appears to he profi le  l i ne  15. The remaining profile l ines
(12 , 13 , and 14) have tended to be accretional , wi th profile line 14 

-
h a v i n g  the most statistically sign i ficant trend of all the Back Bay
survey locations.

The three False Cape profile lines (16, 17, and 18) d emonstra te
long-term accrctional trends , w it h profile l ine 18 be ing statis ti ca l ly
the most si gn i f i can t . In the foredune area s, some of the p ipes
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have c u r r e n t ly  a lmos t  d i sappeared  from v e r t i c a l  sand a c c u m u l a t i o n . The
statistical significance of the long-term trends is given in Table 8.

In summary , the loca t ions with statistical ly significant long-term
t rends tha t  coincide  w i t h  the 27-month  t rends  of the \‘ l ~1S-CLR C s tud y ,
a re the  ae c r e t i on al  t r ends at p ro f i l e l i n es 14 , 17 , and 18 . Profile
l i ne 8 had a s t a t i s t i c a l l y si gn i f i c a n t  l o n g - t e r n  erosiona l t r end , and
a s t a t i s t i c a l l y  n o n s i g n i f i c a n t  short-term accretional trend .

4. Pe r iod ic i ty  and Seasonality in Long-Term Trends.

Shepard (1958) ca l l s  an erosional  beach , a w in t e r  beach , and an
accre t ional  beach , a summer beach because , in California , the damaging
waves are in the w i n t e r  and the “accretional” waves in the summer.
Both the year ly  beach cycles and long- term cycles ( i . e . ,  mu l t i y ea r )
coincide wi th  local c l i m a t i c  conditions .

However , Shepard ’s winter-summer concept of erosion and accretion
may not be directly applicable to southeast Virginia. Galvin and Hayes
( 1969) s ta t e :

“Development of w i n t e r  p rof i l es  on beaches of the U.S. Atlantic
coast north of P elawa re Bay,  and on beaches of the C’-lifornia coast ,
differs in a way that appears to depend on mean wave climates , and
seasonal changes in wave climates of the two regions. Eroded winter
prof i les , typical  of Ca l i fo rn ia , are less well  developed and sometines
absent on northern At l an t i c  beaches. ”

Sonu (1966) a lso  found “prof i les  resembl ing  the accepted summer and
win te r  type barely several hundred meters apart on the sam e sect ion of
beach ,” at Cape Hatteras , North Carolina . The seasona l (winter-summer)
differential in mean monthly wave heights are much greater for the west
coast of the United States than for the east coast. (5PM , Fig. 4-10 ,
U.S .  Army , Corps of Eng ineers , Coastal Engineering Research Center , 1975).

Frisch (1977) calculated the percent time of erosion and accretion
at each profile location from the slope of the profile volume change compu-
tat ions in Appendixes B and C (i.e., a time of erosion is defined as the
time interval when the profile volume curve has a negative slope , and
accretion as the time when the curve has a positive slope). The resulting
tables and graphs were then divided into calendar seasons , and the percent
of the total time per season that a profi le was erosional was calculated.

These data indicated that there is a seasonal cycle of beach changes
in southeast Virginia which is dominated by erosion in the fall (late
September through la te  December) . This is fol lowed by genera l accretion ,
of wide ly  varying amount and spat ia l  d i s t r ibut ion , throughout the rest
of the year. The percent time of erosion for the falls of 1969, 1970,
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and 1972 to 1976 were 55 , ‘4 , 60, 54, 82, 58 , and 78 percent , respec-
tively. The spring was the most accretional period , with an average of
76 percent of the springtime being accretional. The fall erosional
t rend is very consistent from Cape Henry to the Virginia-North Carolina
Sta te  l i n e , but the time of accretion varies between profile locations.

5. Currituck County Reach Changes.

Fi ght tri ps to the Currituck County ocean front (February 1975
to September l97~~ revealed low-gradient , broad beaches for the first
30 k i lomete rs  south of the  V i r g i n i a - N o r t h  Ca ro l ina  State line (Figs . 15
and 16) . (Th e VIM S-C E RC Cur r i tuck  County reconnaissance s t a t i ons , at
intervals of 6.4 kilometers starting at the Virg inia-North Carolina
State line , are indicated on Figure 15.) The next 8 to 9 kilometers
of beach encompasses the southern part of Currituck County (the
area of the now closed Caffey Inlet in upper IJare County) and beaches
just north of the CERC Field Research Facility. This section is
represented by narrow , steep beaches with dune scarps , and cop ious
amounts of coarse sand , locall y known as “treacherous red sands”
because of the difficulty of driving. h owever , these sands were
beg inn ing  to show f a r t h e r  north in 1976 .

Over the 19 months tha t  data were taken in quar te r ly  reconnais-
ance trips to this area , little change was observed in the beach
widths. The steepness of beach- face slopes decreased slightl y
(Fig. 161 and beach- face sand grain size remained about the same
(Fig. 17). Figure 18 compares the beach- face slope angle to the
beach-face sand grain size.

Field observations indicate that the measured high-angle beach
faces represent convex-upward accretional berm conditions , and
the low-angle beach- face slope angles represent concave erosional
beach profile lines . The lowest-angle beaches (i.e., erosional)
were measured in April 1976, February 1975 , July 1976 , and January
1976, and the steepest beaches (i.e., accretional) were measured
in May 1975 , August 1975 , September 1976, and November 1975.
These data are thus suggestive of seasomality with erosional beaches
in ‘~inter and ear ly  spr ing (wi th one excep t ion in July 1976) and
accretional beaches in late spring, summer , and f a l l .

R ichardson ( 1977) has summar i zed beach eros ion occurrences
between 1 November and 30 Apr i l for the U.S. eas t coast (Ma ine to
Virginia) from the U.S. Weather Service records. This tabulation
(Table 4) ind icates a fall storm period (November and December)
and a late winter-early spring storm period (March and April) , with )

a lull in January. Thus, these Currituck County beach slope data - - -

* 
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genera l ly fit other beach erosion seasonality data , with these Currituck
data having  two exceptions , a fall storm season later than usua l in
1975, and a summer storm in July 1976.

Gene ral l y , a representative beach in Currituck County would be
expected to have a beach- face slope of from 2.5 to 6.50 and a sand
grain size ranging from 2.5 to 1.5 phi , with both parameters varying
widely. The northern two-thirds of Currituck County has a rather broad
beach , with low dunes , and has an increasing amount of coarse red sand
showing on the beach surface.

6. Influence of Beach Usage on Beach Behavior.

The study area is divided into four categories by beach usage :
na tural , residential , commercial (resort), and military (Fig. 2 , Sec.
Il , 4). The area can also be divided into reaches (Table 2). Tables
10 and 11 examine to what degree this  var iab i l i ty  in beach usage or
geographic reaches is reflected in measured beach changes.

It does seem apparen t from the high accretion in the commercial
area of V irg inia Beach (Table 11) that the sand nourishment program
is both necessary and successful . As for the erosiona l value for the
natura l area, many profile lines in this location are eroding, due in
part to the hi gh wave energy concentration in this area (Goldsmith ,
et al., 1974b). The natural processes appear to dominate over usage
effec ts , as shown by the volume change averages (using CERC ’s compu-
tations), and correlate closely with the variations in beach morphology .
It appears tha t the V i rgini a Beach commercial area would be far  more
erosional without the extensive sand nourishment and that this beach
fill is necessary for the long-term stability of the Virginia Beach
commercial beaches (sec. VII , 3).

V I .  RELATIONS BETWEEN PROCESSES AND BEACH CHANGES

1. Storms.

Storms have definite and sometimes long-lasting effects on beach
activity in this area (see Section V). The factors affecting
storm intensi ty (of those mon i tored) are w ind d i rec tion , windspeed ,
wind dura ti on , barome tric pressure , wind-generated seas , and time of
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Table 10. Average cumulative volume changes for four beach usage types.

Avg . cum . vol . change 1 Annua l avg . cum . vol.
Beach ty pe Profile lines (m 3/m) change (a 3/s/yr)

Mil i tary 1 , 6, 7, 8 + 6.5 .2.89

Residen tial 2 , 9, 10 • 2.1 +0.93

Comercial 3 , 4 , 5 .10 .6 +4.71

Natural Ii to 28 - 6.6 -2.93

1 Over the 27-mo nth survey period .

Table 11 . A verage c um ulat ive volume changes by reach.

Avg. cue . vol. chang e ’ Annual avg. Cue. vol.
Reach type Profile lines Reach (s3/a) change (a 3/W yT)

R e sid en t i al l~ 2 V i rginia Beach •23.7 .10.5

Conmerc ial 5 , 4 VI rg i ni a Reach .15.8 • 7.0

Mi l i ta ry  S to 8 Dam Neck 0.0 0.0

Re sI de n t ia l 9 , 20 Sandbrldge - 6.5 — 2 . 9

Natural II to 15 Back Bay .13.6 - 6 .6

%atura l 16 , 17 . 2 8 Fal se Cape • 9.6 • 4 .3

1Over the 27-month survey period .
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t i d e . If al l these factor’; are in the ri ght conjunction , any given
storm (even one con s ide red  “mode ra te ”) may he ex t r eme ly  d e s t r u c t i v e ;
i.e., result in large beach volume changes . However , if some of these
factors are working against each other , such as the wind direction and
time of tide , the storm may have an insignificant effect on the beach .
-\ summa ry of storm-related data of storms which occurred during
the .7-month stud y period is given in Appendix D.

Storms are responsible for certain beach features which are or ~yobserved durin g and i mmediate~y after storm events. These include
pond ing . overwash , dune scarps , peat exposure at low tide (after low-
intensity storms) , and tree stump exposure (at False Cape). Generally,
ifter a particularly hi gh-intensity storm , the entire beach profile
is flattened and lowered . Recovery rate appears to be proportional to
the duration and intensit y of the storm .

All significant beach changes can be related to storm events (and
poststorm recovery). However , the largest percent time of erosion is in
the fall (Frisch , 1977). The two most dramatic storm events surveyed ,
Hurricane Amy in July 1975 and the November 1975 storm , were almost equally
destructive. These storms came at different times of the year, and neither
occurred during the winter (i.e., December 2 1 to March 21) . From the data
in Appendix D , it would appear that the common factors for both storms were
maximum wave he igh ts grea ter than 1.5 meters , and a swell he igh t (grea ter
than or equal to 1.5 meters) duration of 12 hours or more . Swells for
both storms were east-southeasterly and northeasterly, respectively .
Similar c~ata for the other storm events did not reach this intensity .

However , these two storms were only of moderate intensity com-
pared to erosional 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 this area. Never-
theless , lack of winter storm- i nduced beach erosion occurrences
( fou r  s torms in l a t e  ~tarch and ear ly  A p r i l , two in the summer , and
three in the fall) , despi te the small sample , is indeed instructive and
correlates well with other studies on the east coast (Bullock, 1971;
Goldsm ith , 1972; ~o 1dsm ith , Farrell , and Goldsm ith , 1974a). If the storm
sample is limited to the four most erosional events (25 November, 1 July,
1 December , and 3 September), there does indeed appear to the fall extra..-
tropical storm, beach-erosion period, and an early tropical storm season

V in 1976 . The appears to correlate with the data of Richardson (1977), as
discussed in Section V , 5. In summary , neither the beach survey data , nor
the storm occurrences during this study, support the “classic winter erosion
and suniner accretion” on beaches observed on the U.S. west coast.

I
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2 . Wa v es

I )u r lng  the 27 months of study , wave data were collected daily at
varlous locations (see Fi g. 2 and App. H) and incl uded wave period (in
seconds), wave height (in feet), and wave di rection (de grees) .  Wave
data were also taken at e l~~~1 monthl y surveying session .

Inspect ion of the data showed that often there was si gn i ficant
variance between locations in data taken on the same days , most notab ly
in wave periods. This variance is beli ’ved to be due to a human
factor rather than dramatic shoreline variations in wave periods .

lable 12 represents a compilation of tile daily volunteer wave
observer data organized according to location and season . It is
apparent that there is too much variance in the data and too few
locations to organize the data according to beach type (e.g., commer-
cial versus natural beaches) and to attemp t any detailed analyses.
In organizing the data by seasons it appears that the largest wave
heights occur in the summer months and the lowest wave hei ghts in
the spring and winter , while the longest wave periods seem to occur
during the summer . Most of the storms surveyed occurred during the
f a l l  and sp r i ng .  However , these wave data vary widel y between
observers (especially wave periods) , and the seasonal differences
for most observers are probably statisticall y nonsignificant .

Figures 19 and 20 are compiled from wave observations made at
each survey in g sess ion. The pl ots represent average breaker he igh t
and average wave period plus or minus one standard deviation , for
each of the 18 survey locations. These data were taken during non-
storm conditions at 1-month intervals and during different stages
of the tide and time of day. Average breaker height (Fig. 19) appears
to have a sli ght trend of increasing wave height to the south (0.8
plus or minus 0.3 meter at the south end and 0.6 plus or minus 0.3
meter at the north end), wh ich would correla te w ith the narrow ing
of the Continental Shelf to the south. This trend is missing from
average wave period (Fig. 20), wh ich appea rs to show more va riation
between loca tion s.

Wave refraction and the effect the resulting nonuniform shoreline - 
4wave energy concen tration has on beach behav ior , are presented in

refrac ti on d i agra ms in Goldsm it h , et a l .  ( l 974b) and the Virg inian
Sea Wave Cl imate Model Data Bank at VIMS . In summary , the shorel ine
wave energy di st r ibut ions for th i s area correla te we l l  wi th the
observ ed beach changes. Speci f ica l l y :
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(a) Northeast , north-northeast and east-northeast waves of periods
greater than or equa l to 8 seconds are diminished in intensity
at the Virginia Beach commercial area because of refraction ,
except for one small concentration for northeast 12- and 14-
second waves. These waves concentrate in Back Bay .

(b) l a s t  and east-southeast waves tend to concentrate wave energy
in the Back Bay and Dam Neck areas.

(c) Southeast and east-southeast waves tend to concentrate energy
in the Virginia Beach commercial and residential areas , as
wel l  as Back Bay and I)am Neck.

Previous observations in New Jersey (Goldsmith , Farrell , and
Goldsmith , l974a) indicate a close correlation between differences in
beach morphology and areas of relative wave energy concentration , with
narrow, steep beaches and w ide , low-gradient beaches in areas of high
and low wave energy , respectively. Based on the wave refraction data
from Goldsmith , et al. (1974b), there appears to be similar relation-
ship in this study area , w ith the narrow beaches in Dam Neck and Back
Bay , and the wide beaches at the north and south ends . The wave re-
fraction data, indicating large variations in shoreline wave energy
distribution , fit the large variations observed in these beach survey
data and 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 , wh ich is related (to an unknown extent) to the relatively
high ratio of southeast-northeast  wave energy along th is shore . An
impor tan t aspec t is the locus of zero net longshore transport  ( i . e . ,
reversal of transport direction) . This location is concluded to be
adjacent to Back Bay on the basis of the combination of: (a) Beach
morphology; i.e., narrower , steeper , inactive beaches in the center of
the study area , (b) beach response to storms ; i.e., slow to recover
eroded sed imen t, (c) total cumulative beach volume changes ; i.e., net
eros ion in the cen ter , and (d) wave refraction ; i.e., an area of wave
energy concentration for both northeast and southeast 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 changed
during the interim from September 1974 to November 1976. However,
despi te these repea ted changes , certain shapes are prevalent .
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Generally, beaches at profile lines 1 and 14 to 18 are wide and
flat ; profile lines 2 to 13 are narrow and steep w i t h  a well-defined
convex-upward profile shape . Whereas , profile lines 2 to 8 and 14 to
17 tend to be active , profile lines 9 to 13 tend to be inactive. These
characteristics were maintained throughout the course of the study ;
however , individual profile lines have changed somewhat in shape .
These two general types of shapes are exemplified in comparisons of
profile lines 1 and 9 (Figs . 21 and 22).

Profile line 1 has accreted phenomen a l l y , especially from the berm
area seaward . Also , the beach has become even flatter in appearance .

It is difficult to assess natural beach processes in Virginia
Beach (profile lines 2 to 5) because of the presence of the concrete
bulkhead behind the beach , and because of the influence of the beach
nourishment program. None of the profile lines in this area have
changed much in appearance , al though profile lines 4 and 5 have eroded
slightly above the berm and accreted sli ghtly from just below the
berm area to MLW .

At Dam Neck , profile lines 6 and 8 have accreted somewhat in the
dune area . At profile line 6, it is now necessary to dig down into
the sand to f ind  the survey p ipe (in September 1974 the pipe height
was 0.4 meter above the sand level; in November 1976 the pipe was 0.2
meter below the sand level), resulting in a prevailing concave-
upward shape .

Profile line 7 has accreted s l i g h t l y ,  espec ia l ly  in the area of the
berm , but remains otherwise unchanged.

In the Sandbridge area profile line 9 has maintained a slight overall
eros ional trend over the survey loca ti on , while profile line 10 has
accreted in the foredune area and eroded from the berm area seaward .

In the Back Bay National Wildlife Refuge area (profile lines 11 to
15) , possibly the most dramatic chan ge in shape has tak en place at
profile l ine 12 between pipe 1 and the narrow front foredune . Here the
wind has blown sand into an area that had been scoured out , and while
the area has not been entirely filled , the change has been si gnificant .
Profile line 11 has lost sand from the base of the dune seaward ;
profile lines 12 and 15 have remained virtually unchanged in shape .
Profile l ines 13 and 14 have accreted from the dune to the berm area ,
and eroded from the berm seaward .

In False Cape , profile line 16 has accreted at the top of the dune ,
and remains otherwise almost unchanged . Profile line 17 has built ~p
from the Raydist pole (location of pipe 1) to the base of the dune and
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has eroded from the area below the berm seaward . Profile line 18
has demonstrated very little change in shape.

Prof i le  l ine 1 (F ig .  21) is typical of the longer, accretional
beaches . Generally, the profile l ine surface is horizontal with a
slight landward slope from the top of the berm. During erosion the
beach face has a concave-upward slope . The beach face may slope
convex-upward with formation of a second berm close to the spring
hi gh tide swash.

Profile line 9 (Fig. 22) is typical of the shorter beaches in the
study area . It is concave-upward from the dune seaward , and with
accretion there is a convex-upward berm covering two-thirds of the
prof i le .  The remaining landward one-third remains concave-upward .

4. Sand Storage.

Generally, erosion and accretion occurred in the berm area of the
beach . On only rare occasions were the dune areas affected ; erosion
only occurred in these areas during storms involving high winds and
high storm t ides . The berm appears to be a storage area for sand
during quiet periods between storms . When a storm strikes , this area
is the most vulnerable to erosion . Most survey locations , wh ich
experienced erosion during storm events , eroded either at the berm ,
or from the berm seaward to the swash zone. Beach recovery after
storms was most noticeable in the berm area, usually by the time of
the next survey , except after the most severe storms . Accretion after
storm recovery was usually about equal to eros i on (cumulat ive  volume)
during the storm event .

A specific example of sand loss in the berm area is seen at profile
line 9 (Fi g. 22) .  Computing data from the COMPARE program show that
about 15 cubic meters of sand per l inear  meter of beach was lost from
the base of the dune to MLW swash between 6 June and 1 J u l y  1975.
Concomitantly, at profile line 1 (Fig. 21) about 17 cubic meters of
sand accumulated in the berm area .

Profile lines 1 (Cape Henry) and 12 (Back Bay) . af ter  almost every
storm , experienced accretion in the area immediately landward of the
original berm , and erosion from the berm seaward ; e.g., Profile line 1
durin g h urricane Amy accreted approximately 16 cubic meters of sand per
l inear meter of beach beh ind the or iginal berm , and eroded some 4.6
cubic meters per meter from the berm to upper swash . This suggests
that hi gh water and winds possibly transported sand from the berm and
deposited it hi gher on the beach. After the storm , at these locations ,
the storm accretion area slowly eroded and the original berm area
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began to rebui ld. The beache s at prof ile l ines 2 (Virg inia Beach) ,
8 (Dam Neck), 9 (Sandbr idge) , and 11 (Back Bay) usually experienced
overal l  total erosion from the base of the foredune seaward. The
remaining profile lines were usually erosional only in the berm
area.

In the Virg inia Beach area (espec ia l ly  prof ile l ine 3) , the
berm appears to be “moving ” seaward . This is probably due to the
effects of sand pumping (beach nourishment) in the area.

Since wave-induced , dune-scarp erosion was negligible during this
study, nothing can be said here about the dunes as storage and replace-
ment for beach wave erosion . However , there was significant wind
erosion (from southwesterly winds) in the narrow foredune (5 meters
wide) adjacent to prof ile line 12. This wind eros ion resulted in a
“breakthrough” in this dune from the landward side about halfway
through the study , and significant eol ian transport through this
opening was subsequently observed. Also , it was apparent that
significant eolian transport was occurring in both onshore and off-
shore d irections through this open ing , and resulted in significant
inf il ling between pipe 1 and the front foredune . This inf ill ing
occurred from both the beach and the back part of the island , and
fur ther supports Leatherman ’s (1976) studies on Assateague (as dis-
cussed in Section IV , 6).

V I I .  SUMMARY

1. Characteristics of Southeas tern Virginia Beaches.

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

(a) The shore in this area is characterized by two reaches of
net accretion , separated by one reach of net erosion . Cape
Henry (profile line 1) at the north end and False Cape
State Park (profile lines 15 and 18) at the south end are
accreting at an average rate of 4.9 cubic meters per meter
per year while the reach from Dam Neck to Back Bay ( prof ile
lines 8 to 15) is eroding at an average rate of -4.7 cubic
meters per meter per year (F igs. 13 and 14 and Table 11).

(b) Most profile lines underwent large monthly volume changes
relative to total net volume changes (App. I). Statisti-
ca l l y si gnificant (at 99 percent level) 27-month accretional
trends are delineated at profile lines 1, 14 , 16, and 18,
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and statistically significant erosional trends are delineated
at profile lines 3, 6, 9, and 11 (Table 7 and App. B).

(c) When combined with older survey data at 14 of the same 18
locations , the same erosion and accretion trends are apparent
at most locations for the past 8 years , wh ich encompasses
a time of greater storm-induced erosion (1972-1974) than
the 1974-1976 VIMS-CERC study (Table 8 and App. C).

Cd) The erosion and accretion measured at these locations cor-
relate well with the observed beach morphology , with wide ,
low-gradient , active beaches at the ends of the study area ,
and narrow , steep, relative l y i nactive beaches in the
middle (Figs. 21, 22, and 23).

(e) The ridge and runnel features which characterize the post-
storm rebuilding of beaches in many localities were totally
absent in the study area .

(f) The 27-month study period was a time of relatively low
storm-induced beach erosion , when compared with beach
surveys measured during the 1972-1974 time period . Two
moderate storms (25 November 1975 and 1 July 1975) caused
erosion , which varied widely in amount and time of recovery
among the survey locations .

(g) Analysis of both the 27-month and long-term profile data by
Frisch (1977) indicated a seasonal cycle of beach changes in
southeast Virginia which is dominated by erosion in the fall.
Between 1972 and 1976 , the average percent t ime of erosion in
the fall was 65 percent.  Fa l l  is defined by Frisch (1977) as
late September through late uecember.

(h) There was no apparent relation between beach response and the
four major usage types def ined for th is area (commerc ial ,
residential , military , and natural) (Table 10).

(i) The Virginia Beach commercial area would be erosional without
the ex tens ive sand nour ishment wh ich is necessary for the
maintenance of the commercial beaches .

2. Coastal Engineering Implications.

It is important to understand the basic processes of the area to
undertake any remedial measurements. Remedial measures , in the form
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of extensive beach nourishment , are already taking place in the
commercial area of Virginia Beach. It appears from this study that ,
as presently undertaken , the sand nourishment scheme is working
within the context of the natural system. Although nourishment is
clearly needed to maintain the beach at profile lines 3 and 4, it
is unclear if it is needed at profile lines 1 and 2, wh ere some of
the nourishment sand is moved by the northerly longshore transport
system. The net accretion at profile lines 1 and 2, in the form of
widened beach and increased dune elevation , respectively , is a
natural process , but requires an unknown amount of sand nourishment
to occur. The inlet bypassing at Rudee Inlet does not appear to be
a sufficient supply by itself. The recycling of sand by way of
truck haul to Virginia Beach of material dredged from Th imble Shoals
Channel , northwest of Cape Henry , appears to be a sensible practice
with respect to the natural processes. The removal of material from
the south side of Rudee Inlet  may be adversely affecting prof ile
l ine 5 , but probably only has a minor long-term effect , i f at a l l ,
on profi le  lines 6 and 7. Although profile l ine  5 has not had much
net beach volum e change , it is a very active location , which is
probabl y affected by the changes caused by the natural buildup
behind Rudee Inlet jetty and removal for Virginia Beach nourishment .

Certainly, knowing the nodal zone of the longshore transport is
crit ical to any coastal construction or instigation of remedial measures
(SPM , U.S .  Army , Corps of Engineers , Coastal Eng ineer ing Research Center,
1975 , pp. 4-142 to 4-146) . Evidence is summari zed here to infer that
this nodal zone is located adjacent to northern Back Bay. North
of this area the “net” longshore 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 access , the data c lear ly
ind i ca t e  that  Sandhrid ge and Back Bay are in sand-def ic i t  areas , which
is a t t r ibu ted  to the net longshore transport out of th is  area. Thus ,
erosion may be predicted to continue at relatively greater rates than
perhaps , False Cape to the south . False Cape appears to be benef i t ing
by a relative influx of sand and undergoing net accretion (Table 11).

The 1972-1974 profile data indicate that Back Bay underwent much
more severe erosion , resulting in significant dune retreat and narrower
beach es , than in the 1974-1976 time period . Thus, it is clear that
both rates and pa t te rns  of erosion and accretion can , and do , change
w i t h  t i m e , and that  the trends of these 27 months are not necessaril y
an indicator of future beach changes in this study area.

When the net survey changes w i t h  reaches (defined by usage) are
averaged , it is clear t h at the erosional areas are Back Bay (-13.6
cubic meters per linear meter) and Sandbridge (-6.5 cubic meters per
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linear meter) (Table 11), at the middle of the study area, and the most
accretional area is Virginia Beach , residential (+23.7 cubic meters per
l inear meter) . Fa lse Cape, at the end of the study area, is also accre-
tional (+9.6 cubic meters per linear meter).

Since the commercial area of Virginia Beach has been very slightly
net accretional (Table 11) during the 27-month study, it is of some
interest to determine how much of this is natural and how much is due
to the ongoing sand nourishment program. Table 5 indicates an average
annual fill (over the last 25 years) of 236,000 cubic yards per year
(179 ,360 cubic meters). Based on field observations and aerial
photographs between profile measurements , it is estimated that the
reach most directly affected by the fill placement ~s about 3.4 miles
(5.5 kilometers) long , north from Rudee Inl et . This calcula tes
(236,000 cubic yards per 17,952 feet) to 13.1 cubic yards per linear
foot of beach (32.8 cubic meters per linear meter). Further , assuming
that only about 50 percent of the beach f i l l  is retained (beca use
of size charac teristics and profile adjustments , as observed), this
further reduces to +6.5 cubic yards per foot per year (16.3 cubic
meters per linear meter). Since the annual average measured volume
change (Table 11) in this reach was +7.0 cubic meters per linear
meter , or far less than the average annual nourishment (about 43
percent) ,  i t  becomes qu i t e  evident that beach nourishment is essential .
Further , without  the beach nourishment in th i s  section , the expected
beach erosion is estimated to be about -9 cubic meters per linear
meter of beach per year. Although these calculations are only an
approximation , it is quite clear that a continuing nourishment program
is required for these beaches . It should also be noted that the
nourishment also has a very beneficial effect on the updrift Virg inia
Beach residential arc~a (Table 11 ) due to the longshore transport
processes , though th is amoun t is much harder to determine.

3. Implications for the CERC Field Research Facility Studies.

The new research pier is located in northern Dare County, North
Carolina , approximately 5 kilometers south of the Currituck-Dare
County line and approximately 42 kilometers south of the Virginia-
North Carolina State line. In general , the beaches in this immediate
v icinity are narrow and steep, with very apparen t dune scarps
(greater than or equal to 3 meters) reached by every storm. These
beache s do not resemble , in morphology or response , those closer
to the Virginia State line or those in southeast Virginia.

With respect to beach-face slope and gra i n s i ze , the 4-kilometer
area immediately north of Duck was relatively stable in 1975 and
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1976. However , there were wide variations in these parameters in
the northernmost 30 kilometers of Nort h Carolina beach , with no
apparent relation between beach-face slope and grain size.

The large variations in grain size were observed to be due to
longshore fluctuations in the coarse red sand . These fluctuations ,
which ranged between 4 and 20 kilometers north of Duck , were quite
visible during the monthly aerial flights.

The hi gh- and low-ang le beach faces measured in Currituck County
were observed to be indications of convex-accretional and concave-
erosional profi le  l ines , respectively.  The steepest beaches were
measured in May , August , September , and November; the lowest angle
beaches were measured in April , February , July, and January , respec-
tivel y.

These data provide background information useful for planning of
experiments at the new CERC Field Research Facility, just as the
Virg in i a  data provide information useful for study and analysis of that
shore area .
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APPENDIX A

AIR AND GROUN D PHOTOS OF 18 PROFILE LINES

The location of the profile l ines are indicated on the

aerial photos.
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APPENDIX B

PLOTS OF PROFILE VOLUME CHANGES W ITh TIME

Appendix B contains 18 plo ts of total cumu la tive volume changes
for the VIMS-CERC profile lines during the 27-month study.

Cumula tive vol ume is measured in cub ic meters per l inear meter
of beach . A l inear regression l ine has been drawn on each p lot , and
the statist ics relating to this  line are given in Table 7.
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APPENDIX C

COM~ IN EI ) PLOTS OF PROFILE VOLUME CHANGES WITH TIME

Appendix C contains 14 plots of total  cumula t ive  volume changes
for profile lines where older survey data were available.

Cumulative volume is measured in cubic meters per linear meter
of beach.  A linear regression line has been drawn when sufficient
data were available , and the statistics relating to this line are
gi ven in  Table 8.
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APPENDIX D

SUMMARY OF STORM DATA

Appendix D contains a summary of storm data for 4 December 1974
to 9 August 1976. Information was obtained from the Chesapeake
Lightship, Currituck Beach Lighthouse , North Carolina ; and the

- Norfolk International Airport .

Storm parameters include tide hei ght , maximum wave height, and
• wave duration equal to or greater than 1 meter; maximum swell height ,

direction , period , and swell duration equal to or greater than 1.5
meters ; and maximum wind direction , speed , and duration equal to or
greater than 25 knots.
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APPENDIX E

BIRD CENSUS DATA

Appendix E contains bird census data collec ted at the
prof i le locations from October 1974 to February 1976 by S. Sturm .
Both spec ies of birds and numbers of ind ividuals are included .
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B~rd Census Data

Southea stern V I rg i n i a bird observat ions
(To tal number ind ividual s observed October 1974 to Feb rua ry 1916)

Fort Stor y V i rg i n i a Reach Dam S~~k Sand h r i dg e Bec k Ra y Fa l se Cape
Spec ies (military ) (colmne rcia l) (mili t a r y ~ (r esident i al) (flat ur a l ) (natural)

Common Loon I 12 31 8

Horned Grehe 4 2 8 4 2

Ganne t 35 49 50 27 53 189

llouhl e -(rcs ted
Cormorant 18 101 5 86 659 671

Canada o. ..e I I  22 392 6

Sno.. Goose 762 22

W hIte-WInged
I-~~~~t er 2 5

Red- B re a sted
M c ’r g a n s e r  20 58 11 43 97 1 R I O

I - p r e Y  2 I 2

8la ~ k- Rel1Ie d
3 l I- I-c 12 - 2 3 16 145 62

Mar heled ,oIkIit 2

1 10 33 77 191 118

Ruddy ia - rn s tone 1 1 43 34

l~.nhin 23 30 478 1 ,652

Sand er li n g lii 146 570 47 6 1 .419 3 ,677

Great blac k -
Bac ked Gull 14 lb 65 30 513 696

Herring Gull 2 ,330 2 ,307 662 661 2,846 3,772

Rin g- Rifl ed Gul l h949 686 166 531 1 ,071 1 ,731

Laugh ing Gu ll 45 12 1 298 66 315 32 1

IIuya I em 31 28 12 3 3 96 202

l:a spI an 1cm 25 3 39 55 66

PIgeon 2 3 1

R4 rfl .l..IHIICI 2 4 10 36

Iarol ina Wr en 2 1 2

s t a r l I n g  12 2 9 1

• Yel low- Rumped
W j rh l er 2 37 33

Ye llow Throat 12 2

h ouse Sparrow 12

Boat -Ta i led
Grac ble 2 33 29 52 95 103

Song Sparro 
______________ 

2 3 
_____________ 

8 23

To t al Iii ah~~
ind Iv idu a l s 3 ,611 ~‘,042 2 ,109 2.151 10 .222 14 ,244

Tota l number
LIpeci. ; II 2 1 20 21 28 26

$ 5 3

1
~~~~~ ~~~~~~~~~~~~~ 

— — — — •••— —— —•
~~~~~~ -—---—----- - -—— —_______ 

_____



APPENDIX F

VIMS -CERC SURVEY FORMS

Appendix F contains two original f ield forms develop ed and used
by VI MS in tabulating data for CERC .
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I

APPENDIX G

SURVEY DATA FOR 18 PROFILE L INE S

Appendix G contains the survey data and sketches of the horizontal
controls for the 18 profi le l ines.

Heights are listed in feet and meters above MSL, as surveyed in
Apr i l 1976 by Freeman and John son , Consul tin g Eng ineers and Land
Surveyors , 62052 Bonney Road , Virginia Beach , V i rg inia , 23462.

I
_ _ _  

_ _

_
—

~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _



V11i6-CERC PROFILE LINES , CAPE HENRY TO VIRGINIA-NO RTh CAROLINA STATE LINE

Pipe 1 Pipe 2 Pipe 3
Profile line (ft)  (m) ( f t )  (m) ( f t )  (a)

16.17 4.93 19.97 6.09 14.19 4.33

2 18.94 5.77 15. 48 4.72 10.54 3.21

3 11.65 3.55 15.30 4.66 16.30 4.97 
—

4 7.87 2.40 10.17 3.10 10 .68 3.26

5 14.88 4.54 19.45 5.93 14.58 4.44

6 11.82 3.60 22.43 6.84 12.34 3.76

7 16.62 5.07 1S.91 4.85 18.43 5.62

8 15.13 4.61 15.56 4.74 15 .03 4.68

9 16.17 ~.93 15.24 4.65 10.55 3.22

10 16.51 5.03 9.33 2.84 9.02 2.75

11 20.04 6.11 20.27 6.18 19.57 5.97

12 15.20 4.63 18.42 5.61 20.36 6.21

13 14.69 4.48 20.01 6.10 24 .21 7.38

14 22.24 6.78 9.76 2.97 21.25 6.48

15 7.45 2.27 12.4/ 3.80 15.92 4.85

16 19.44 5.93 23.32 7.11 11.62 3.54

17 16.47 5.02 23.79 7.25 21.51 6.56

18 23.08 6.43 26.80 8.17 10.97 3.34

It
- - 

158

_ _ _ _ _ _ _ _ _  
_____________- -~~ — -  _ _ _ _ _ _ _ _ _ _ _ _ _ _



COUNYUY tYPE  OF WA UW iyAT l OW
Concrete

U.S .A. 3Qnumcnt wi th  diak P or t  Story Profile line 1 VIMS 2
LOCAL ITY STA MPING ON MASk IG(NCY CAS T IN MA NK SI £ L C V A T I O N  I V Y ,

Vir ginia Beach , Va. PRO 1-2 VIMS-CIiRC 19.97
I.ATITUDE cow ast uoc dAi uss DATU M

360 54’ 5 55 5  750 
59’ 36” NOrth America 1927 M~J. _______________

3NO*TUINGU(A$tiNGI pI~ 
,(AIY1NGIINOSININOI ~ryp OSlO sac iONS ISYASI.I5MCO IV IA GC NCYI

2732772.44 E hi~~ ‘21605.84 N -~~~~ J~py~ c rt. Va . -South Freeman aqd Johnsn
INOSTNINGIIIA$TINOI 

~~~ 
5CA SYINGIIWOS T WING ) çy ~ 

O SlO A N D  ION S DAYI  05015

(N I wi 
__________________ 

Apr. 1976 3d

T0 OCTA IN Os lo AZ IMUT H , ADO • - 
TO iNS GIOCITIC AZ IMU TH

to OSTA IN em s o A Z .  IA DOIISUI-I 
U - — 

tO THE OSOOSTIC AgIMUTH
AZIMUTH OS OISCCTIOU’ COO DISYAN OS ? S

o sl ct IOCOOITICIIORIDI lACK AZ IM UTH (METESSi (P1111 
~~~~~~~~~~ t~11t(

i~ c~~~’

iV~ r To SC~qLe

I
VliW5

f__ :fr ~~~~
•
~~~~ I

L ~4)

IN
•

VEA~o Vim~ d” ~
71,’gc.e It ,

N

t CI4ImNI7

4 FOaM 1 059 ~~~~~~~~~~~~~~~ 
DIRCUIP TION OR R ICOV IR Y OP Hornz oNTAl . cosT*oi. $TaTlC~

~~~~ * .c~~ 
a. 

~~~~ ~~~~~~~~ 
- Pm wa. .4 ~ Is fs~~, is. TN $437~ lbs pass. ...

~~~~5S~ IS U.&C..$.s.aI £Pa~ C..ms.d.

k -

I ~ BEST AVAILABLE COPY
$59

I
- - — - - -- -- - -- ---- - -----

~~~~~~~ --- 
-
~~~~~~
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CO*JNYSY TYPE 0, NASA Concrete STATI ON t I N S  2 1
U .S.A . monument with disk 61st Street , Va. Ro ach Pro file line 2 1
LOCALITY INO OM MASK AG ENCY (CART IN M*SKSI E L EV A T I O N  

~~~~ I
Vir ginia 8each~ Va. PRO 2-2 VIMS-CCRC 15.48 .INL I
LAT ITUDE LONGITUDE — DATUM DATUM

36 
• 53’ 12,7” 750 59’ 8.9” Nort h America 1927 MSL

INOSTH INO)IEA RTINGI pj ~ .EASTIN0IINOSTHINGI 1,7) OSlO AND ZONE ~~~~~sLlS H(O IV IAGC NCYI 

-

2735225.58 E -n4- 211321. 77 N —dii - [amhcr t-Va . South Freeman and Johnson I
INOSTHINOIIEASTI N GI 

~~~~ 
EA RtING(INOSTI* ING) OSlO AND ZONE OAT E 1 osocs

INI IN’ 
__________________ Ar’r . 1976 I T d

TO OBTAIN Os lo A Z I W U T H  ADO TO THE GEOOCTIC AZ IMU T H_
•TO OSI’AIN OSlO A Z  I*000W• I TO TIl E OZOCE T IC AZIMUTH

LIZIMUT H OS OISICTIOI OCOD. DISTANC I OSlO DISTANCEDeJECT IOEOO(T ICI(OSIDI SACK AZIMUTH INETESS) IPEET I INSTESSI IFEET I
______________________ (MAGNET ICI ________ __________________ ________________

/ ,‘or ‘To Sd~4L~~
______ 

MAa~~~fl4It It

I~t~ _ _ _ _ _

LL~~
JM(

~
W.
~~~~~~~

)t41 4f ~‘ 
.1

-riqg’
/3a1~

.5.F
WALL

~ X574g07L.

~~~~~~~~~~ crn# va’y 7D~~~

“A ~~~~~ 1959 S C P L * CS I  0* FOSili a Is.. DISCRIPTION OR RICOVI RY OP NORIZONTAL CONTROl. STATIONAls o Ui I FIS SI . ~~ ICH
t •CV 

~~ ASS OSSOLSYS . Pm us. .1 ~~Ia 4se~~ is . TI 14Th lb. pe.p~~~~
~~~~s.p IA U.LC..II.S ISI A.v C~~~msd. •

S

BEStAVAII.AB1E COPY
160
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r
~OUNTSY - TYPE OP MA SK Concre te S T A T I ON
U.S.A. monument wi th disk 15th St. Pier Profile line 3 VIMS 3
LOCALITY STAMPING DII MANIC iG(NCY (CAST IN MA KKSI EL EVATI ON ( V T )
Virg inia Beach , Va. PRO 3-3 VIMS-CERC 16.30
LATITU O( LOWOIYIJO( DAT UM OATUW

36° 50’ 35.6” 75° 58’ 23-. 2” Nor th America 1927 MSL
(MOSTHINGIISA$YINO) IFT I IEARTI NGIINOSTHINO( FY I  05(0 AND ZONE ESTABLISH ED BY IAG ENCYI

2739364.12 E s~- 295540.44 N -iMi- Lambert-Va. South Freeman and •Johnsoi
INOSTNINO)IEA$T INOI IFT I IEAST IN GIINOSTHINGI IFTI ~ SIO AND ZONE DATE I

‘MI IN) 
____________________ ~ori1 1976 1 3d

T O OBTAIN OSlO AZIMUT H . ADO ‘ - TO THE GEOO(TIC AZ IN UTY
TO OBTAIN OSl O AZ IADO I(SUS.I ‘ — TO THE OCODETIC AZIMUTH

IAZIM UTH OS OISSCYION I 0(00. OISYA NCE I 05*0 DISTANC EOBSECT IOEOO(TICIIOSIDI SACK AZIMUTH I (METESS I FEET) I •METESRI IFEETIIMADW ETICI ______________________________________________________

,Vor~’-0 5OL L .E

1 
,E PP ER/M I rJ r

~~

t&s 0 ‘I/.,
~o
, 

~~~ ____

0F ish,~ ‘°‘~

0

ve~co 
~~~~~~~~— P.Ie.,

N

I
KE TCH 

________

I ~ SIll 9 
~..also iii . * FEe SI~ WHICH Pm ... .4 *1. I.... . .. TM 1431. III. pa~..sus

~~~~~ I. U.LCMPI.N.UI A.mv C.~~~.d.$ DA ~~~Oa 59 • K KL * CSI  0* ~~~~~ ~U DESCRIPTION OR RECOVERY OP HORIZONTAL CONTROL STATION

- 

‘L



COUIIYSY S YPE OF MASK Concrete STAT I ON

U.S.A. monument with disk 1st St. Pier Profile line 4 VIMS 2
LOCALITY STAMPING ON MASK AGENCY ICAST IN MASKS) ELEVATI ON ) V T )
Virginia Beach , Va. PRO 4-2 VIMS-CERC 10.17 -dii-
LATITUDE LONGITUDE OATUM OATU M

36° 4 91  5Q 3l* 75° 58’ 11.7” North America 1927 MSL
INOSTNINGI (EASTINOI IFTI  IEASTINOIIWOSIHINOI ( V T )  OS lO AND ZONE ESTAB LISHED BY IA O ENCYI

2740424.10 E ~4- 190978.97 N -dir Lambert-Va. South Freeman and Johnson
INOSTNINOI(EA1TINOI IFT ) )(ASTINO(*WOSTHINGI IVY ) OSlO AND ZONE DATE I O$DES

IN) Ml 
_____________- A2~~~ 1976 I 3d

TO OBTAIN O SlO AZIMUTH , ADO TO THE GEODETIC A Z I M U T H

TO OBTAIN OSlO AZ (A O0)(S UB. ) 
- 

TO THE GEOOETIC AZIMUTH
IAZI MUT H OS O*SECTIOII I OEOO DISTANCE OSlO DISTANCE

OBJECT IOEOOC1 IC(IOSID( BACK AZIMUTH I IMET ENS) *PICTI IMETESSI IFEETI(MA GNE1ICI ________________________________________ _________________

— 

A )4!. I~~ 
-

j~~~~.o~.JeI~Mo1ms~ k 

~
4ç

~

_41I ~ ~

I *~ ~~~~~

_ _ _ _ _  

‘ I

¶ 1

’
~ 

OA.~j i+ Pole

-‘ p~Ebof
I I PiP~

‘ I
‘ I

N j

_ _ _  ~~
l I

I ’
k ~i I

7. 7R°23 _______

CSIAICIK4 
________________

Pi Ei~VEP€.o I IPole o
~t~ 

P/ IA
i i

II I I l l
$ICEYCN I

9 •SWI .AC S N 0* VDSMN HUN DESCRIPTION OR RECOVERY OP HORIZONTAL CONTROL STATIONDA I ??~l 95 *“~~ h A S , I PUB SI. SUllEN Pm .us .1 Al. Isus. us. TN elI?s lb. pap..s.ASS BB HOLSYE. 1~
B

~~UP I. U.R.C.Ill.s.mI Ai.p C...s.d.

!2
E51 AVAILABLE COPY (



0UN,SY t YPE OF MASK .TAT (ON Camp Pendleton North BoundaryConcre te
U.S.A. monument with disk Profjlc line 5 V1MS 2
LOCALITY STAMPING ON MASK AGENC Y )CAA T )N MASKS ) EL EVATION IVY)
V i r g i ni a Beach , Va. PRO 5-2 V IMS CERC 19.45 .INI.
LAT ITUDE LONGITUDE DATUM DATUM

36° 49* 6.2” 75° 58’ 3 511 North Am’rica 1927 !4SL
INOST N)NGI(EA STINGI ( FY I  )EAST)NGIINOS?NING) (V T )  OSlO ANO ZONE ZS?ABLI SNEO BY )AGENCV(

2741209 .22 F ~~~~- 186545.06 N -dii- Lambert-Va . South Freeman and Johnson
INOSTNING)IIASTINO) (V T )  IEASTING((NOSTHING) ) F T (  OSlO ANO ZONE DAT E OSOCS

IN) IN) 
__________________ 

Anr i l  1971i 1 3d
TO OBTAIN OSlO AZ IMUTH . ADO 

- TO THE GEOOCT)C AZIMUTH

TO OBTAIN 05*0 A Z -  IADO II$UB.l 
- 

TO THE GEOOETIC A Z I M U T H

I AZIMUTH OS DISECTIOM 0100. DISTANCE 05)0 DISTANCE
OBJECT I IQCOOITICIIOSIOI BACK AZIMUTH I INETESSI IV ECTI  I IMSTESSI IFECT I

(MAGNETICI _

I t~ 
Wo~r ~O Sc.4L4c

*%A&NE n~

v~ PCO
_________________________ Pole .

1W

~~ ~~~~~~~~~~~~~~~~~~~ 
~~~~~~ 1~~ l~ ‘II ~ ~ )(

.1h1°3g ’
~~~~~ ~~~~~ 

ll~~
P~)e. 

\v~
vi

I IRETCN

D A POUM 1959 W K P L A C I N  S. OSMS INNS DESCRIPTION OR RECOVERY OP HORIZONTAL CONTROL STATION
*llD ’Ni, . I •I~~ NY WHIEN Pm.s..Ithl.Imm..s.TN$4311lb.p..ps... ,I OCT fl A S S  O S• O L C Y U . s 0sv IS U.1.Ci. Iss.l. I As.p C.....d.

‘A

BEST AVAILABLE COPY 
_ _
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r
COUMTSY TYPE OF MAICK~~ STATION 

VIMS 2U . S.A . monument with disk )am Neck Jl i fle Ran2e Prof~~ç linr- 6
LOCALITY STAMPING ON MASK AG E NCY (CAST Ill MASK S) TZL(vA7)ON IV TI

t~~~ITUDS LONGITUDE DATUM DATUM

36
0 

47 ’ 51. 6” 75° 5V 44” orth America 1927 MSL

V i r g i n i a  Beach , Va. PRO 6-2 IMS-CERC J22 .43
*NOSTHINOI(EASTING* IFT I IEASTIN OIINO STHINO) IFT ) US(D AND ZONE ESTABLISHED NY IAGENC Y I

2742999 .56 F -~~ *- 179040.97 N -AN)- Laabert-Va . South ereeman a n -  JohniQfl.
INO*TIIING ((EASTING( (FYI IEAIT)NO ))NOSTNING( IV Y ) OSlO AND ZONE DATE ONOES

IN) )N( 
___________________ 

Ann ! 1976 1 ~d
TO OBTAIN 05)0 AZIMUTH . ADO 

- 
TO THE OCOOCTIC AZIMUTH

TO OBTAIN - 
GIlD A Z .  *ADOI*SUS.) 

- — 
TO THE GEODETIC AZIMUTH

~AZIMU TH OS OIIECTION GEOO. DIST ANCE OSlO DISTANCE
OBJECT ) IOE OOETIC))GSID) BACK AZIMUTH *MCT CK%I FEET) (M(?(SII IVCETI

(MAGNETIC) _________________

m c’e- ~~~~~~~~ 

CT 7D 5CALF

p

&QT £Th~~~T ~~~
— 7~.O

A p °R9 ’~/49 ’
7&8E3 (7i.~g

‘4
’

V,41S 1.1000
Pole.

I

II SKETCH
WEPI. *CU A  0* V OWUS 

~~ DESCRIPTION OR RECOVERY OP HORIZONTAL CONTROl. STATIOND A P0U4
1959 AND ININ I FIB UI .

All •SPOLUTS. Pm ... .4 Al. I..,. . is. TN 1431k lb. p*s~s.sBS
S~~ S55 IA U.LC.isl.mus l Aisp C.... .d. •

BEST AVAILABLE COPY 
- -
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TYPE OF MA SK ITAT(OH
Concrete  VIMS 2

U.S. A . monument wi t h  disk la~~~ç~k Uron c Launc ~r”-~ P
rnfi l~~ iin~.7

LOCAL ITY STAMPING 04* MASK .)OE$CY ( C A S T  IN MASKS) £L(VAYIbN (FY I

br~ iiiia Bc— .h .  Vp . PRO 7-2 V IMS-CFRC 15.91
LA T I T U D E  LONGIT UOC DAT UM DATUM

4~~’ 1.6” 7S~ 57’ 8.7” North America 1927 - - 
MSL

) NOSY HINGI (EA IT I NG I  ( V T )  (EASTING)IHOSYHINOI 
~r y)  OSlO AND SONS j ESTAB LISHED BY (AGENCY )

..2241 164.99 C ~INL 167999.80 N -154 l.ambcrt-Va . South ~~reeman and Johnson
(NOITH)N0)(EASTIN0I I F TI )EA$T INO(INOSTNINOI (VT) OSlO AND ZONE ~~DATE 1 050(5

C M) IN 
- I~Dri1 1976 I 3d

TO OBTAIN 05)0 AZIMUTH , ADO ‘ TO TNE GEODETIC  A Z I M U T H

TO OBTAIN GIlD A Z IADD))*UB I — TO THE GEODETIC AZIMUTH

OBJECT 
.Z)NUTM OI O,PECtI0N 

BAC K AZ I MUTH 

• 
INITCrnS~~~~~ *P IETI IN(T!IISI IFIETI

- 
7b ~~~~~~ ~~~~ /r of  /0 &41€,W

lVr 
~~~

c~~ 
‘
~

-
~~~~~~~

0 
-

4/~ - fFg~~4t1gr#

cern’)

3
4II ~~~ D

(,/~ :~IIIIi
PM~~M& I

LOT

1~~~~. Cc~iiwqy
___________ ~V f M i i d s N g  SNITCH

DA :~~i 959 ~~~~~~~~~~ DESCR.Tr OI,~~COVERY OF HORIZONTAl. CONTROL STATION
Ii UJ.Cl.NIBNSUNI A~~ C..m.~ .

BEST AVAILABLE COPY
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CO UNT SY YYP( OF MASk S T A T I O N
rc t e 

V 1 MS 2U.S .A ~~~~~~~~~~~~~~~~~~~~~~ d i s k  I~ IS Neck SOIItII Rnun,Iir - P ofiic in~ a
L O C A L I T Y  STAMPI NG ON MASK 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(L~ VAIION

I F T I
V I r g i n i a  Beach . Va. £RO~B-~ ~~~~ -~~ Zr .1&.S6L ATITUDE LONGITUDE 11IATIJ_ O*TUM

~3~ O 
451 3 8 1” 750 57~ p~

5, ‘~io~th Amcrica 1927 1151. ______________)NOSTNING(IIA$TINOI IFTI EANT IN GI)NOSTNI,IGI F Y I  ~GSID AND ZONE ESTABLISHED BY IAOENCY )

2746895.63 E _l$ . 165637 64 N I’~~ l~Inthert.Va . South Freeman and Johnson
)NONTHING))EASTI NOI IPTI .SA $T INGI)MOSTHI NG I ( V T )  05 0 AND ZONE DATE 050(5

IN) IMI 
___________________ Anri l 19 76 3d

TO OBTAIN OSID A Z I M U T H . ADD 
- — 

TO THE GEODETIC A Z I M UTH
TO OBTAIN 05)0 A Z  )ADO ((SUB .I  

- — TO TIlE GEODET IC AZIMUTH
I A*INUTN O5 6i.i~~ iON 0100 DISTAN CE OSlO DISTANCEOBJECT ISEOOETICIIOSID( BACK AZIMUTH 

(METES S( IFEET I IM STIN$l IFEET I(MAGNETIC) ________ __________________

Ai4&4’rrI~~ ~~~~ -TN

—

T~~~~of 

/loT ro

W W W~~~~~~~i.( ~ Y~~~~~~~ ~~~~~~~~ *~~~~~~~~~ )( ~
3 0t13°SV” /$�~7 2 °,v°aa’

‘
i’. .

~~ ~~~~~~~~~~

B ~ I

PII~

%I~~~ 1~~LE

_ _ _ _ _ _ _  

CS~~ N D f l DD L Ef ~
~~

_ _ _  IiAr-zLW,p,i
II __________ _________________________

DA ~~ 1959 51N1.A CUN BA 1055.5 INNN DESCRIPTION OR RECOVERY OP NORIZONTAL CONTROL STATIONI 5(5 
AND ISUS. I PUB S? SUllEN Pm ~~..4 Al. Is*... TM I.337~ lb. pa ..s. •All BISB I.U?S.

s~~s.p Is V.LC .Nl.s.,.I Limp C.m.s.d .

BEST AVAILABLE COPY
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p
CO UNTSY TYPE OF MASK 

— 
~YAT (OMConcre te

U.S.A . monUment w i t h  disk Sandbrid ge rrofU.~. ~L1V~~ION 
V h S  ~

LOCALITY STA MP ING Oil MASK — A O K NCY (CAST IN MASKS) lET)

V irg in ia Beach. Vp . PRO 9 - 3  ~j~1S-CLRC J.Q~~ 5
LATITUD E LONGITUDE DA TUM DATUM

4V 59.8” 75° 55’ 59.5” North America 1927 ~~ L_______________
(NO5T NINO(( IA$T )NO( ( V T )  IE* ST) N0)(NOITH ING( ( V T )  OS(O AND ZONE E ST A B L I S HE D  BY (AGENCY)

2752298.01 E .15- 149772A2 N ~~ Lambert-Va. South Freeman and Johnso-
(N *STMIMOI)UA STINO( ( I t)  (EA STINO)IMO5TII(NO( I V Y )  OSID AND ZONE GA T E  OlDEN

CM ) IN) 
___________________ 

April I976I 3d
TO OBTAIN OSl O AZIMUTH , ADD 

- - TO TIl E GEODETIC AZ IMUTH

TO OBTAIN OSlO AZ .  *A DO)ISISB.) — TO TIl E GEODETIC AZIMUTH
!AZINUTN OS DI5ECTIOIS 0(00 DISTANCE OSlO D I S T A N C E

IIIAQIIETIC) _____________________________ _________________

OMUICT IOEOOE T ICI(OSIDI BAC K AZIMUTH ( )M ET ENSI FE ET)  IMETESS ) IF EETI

- . —_—.S__ - .

~vo I -!

pu cE L A~ VE  __________

9/ Nor ro

IlE~~.o

_ _  

_ 
~~~~L1

~.1

t S t Y X k - N N  

‘
L I D ~~ MA6AlCfl

~~(3m)I~~~I
L2~ J ~ .U4Jf ____  ___________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- U 

~~~~~~~~~~~~~ ~~

~~~ ~~~‘

~.

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

r°°i I
__________________________________ - 1.1(411 II

9 
555*.AC BB GA ‘55555 ‘i” DESCRIPTION OR RECOVERY OP NON$ZONTM. CONTROL STATIONDA POBU I Q~ AND IIU . I PEB IT . WHIEN ______N 

~~~~~ Ails BBS55.U?U. P5* 55.54 MIs 15m. Sis TM $4)P~ lbs ...-.-—-..s

t s~~SSy IS II.$.C5551.SNHI Limp Cs..s.d.

I

BEST AVAILABLE COPY
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C OUNTSY TYPE OF MASK STATION -Concrete Littl e Island Recreation Area
U.S .A. nonumefli with disk. Prnfils li’s’ fl visisijLOCALITY STAMPING ON MASK AGENC Y (CA ST IS NA ~IK SI EL! SATIQU ( ‘T I
V irgin ia Beach. Va. PRO 10-2 V IMS— C .LRC 9.3-3
LATITUOE LONGITUDE DATUM DATUM

360 4!’ 40.05” 75 0 55’ 30.0 NQ~~~~~ rn~’j-jcp 1927 ~~5L
INOSTNINOIISA$TINOI IFT)  )EA5YI NOI) N OSTHINOI IV Y )  OSlO AND ZONE KSTAS L ISHID ~~Y I A O I N C Y )

2755115 .52 F ~ 5N~ L4 RQ~54 N ~~ j,ap~gfl~Va. South ‘Lrgcman In~ Jnhn~on.
IKOSTNINGU (ASIINB* (FYI IEA1TISOIINOSTNIMG I IPTI OSlO AND ZON U OATS 050(5

(N) (MI 
__________________ ~tnri1 19~~6 l  3d

TO OBTAIN OSlO AZIMUTH . ADD 
- 

T O THU GEODETIC A Z NIJTN

TO OBTAIN •SID AZ IAOOI*$UB I - — TO V.15 GEODET IC  AZIM UTH
(A ZIMUTH OS DISECTIOS. 100 D*IYANCI OSlO DISTANCE

METE5SI IPEETI IMITESII IFESTI(MAQI*C TICI 
TN 0OBJECT IBEOO( T ICIIBSIDI B*K AZISiS

I 1~ V~Pco PoLF A’OT i~o SIC#4L4E

J

AVE TS~~P1QRIc !4 ’6 
_ _ _  

I ?1o~rN (9/741)
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COUNTIT FYPE OF NA SK STATION Back Bay National W il dl i fe RefugeC((nc re te
U.s.A. ‘sonument W i t h  dIsk P r o f i l e  line 11 VD~ 2
LOCALITY .)TAMPINO ON MAN E .IOENCY CAST IN 55*55.1 EL EVATION (V T )

Virginia Beach. Va. P~0_H - 2  _______ V lM S -C~ RC tO.27
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_______ 
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____________________ Anril 1976 1 3d
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________ — 

OSlO AZ - )ADOII$UB .i - — TO TNC GEODEt IC AZ INUYN
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_____________________ (MAGNETIC.)  ___________________________-

NOT ro Sc r.Le-

~lLOS Poi-,E
C

poLE

(-‘I--

- Ws*i~# (vM) t

______ 
~~~~~~~~~ ~ 7 g ~~~~ 

l

Pol ~~. 3 -

I). SHiP

V~~Pco 

0

Vimg
p oIe OI? (.4.
13.10 

N

_  _  I
________ __________ 

1 $SEYCN
AND ISIS. I PUS kt . WHICHDA :~~ ~ 
5E ..AE IS BA P05555 ~~ DESCRIPTION OR RECOVERY OP HORIZONTAL CONTROl. STATION

UT ABE B55~~~EIlE, Pm ... .4 Al. IsIm. .ss YB APIS, lb. 5*e s5MP
SP5IV IN I4.LC .Hm.*.l Limp

169 BEST AVAILABL E COPY

_ - _ _

5 - - -



COUNtRY TYP E OF N*A K ST A T I O N  Ra~ k K~&y N~i tionaI Wildlif e Refuge(:oncrctcII .S .,C . .1flQi4LIlfl(~11t._jtjt1I disk ‘r o f U c l i n c -  12 VIM S 2LOCA LITY STAMPING ON MASK AGEN~~ ICAST (N MASKS) 
~~

1 L LVA T ID N
I FTI

Vir .inia Beach. Vp. PRO 1 2 - 2  V IMS-CERC
DATUM

3~6~ 40* 11.8” 750 541 40 911 Nort h Americ a 1927__________________________ ______________________ P45 L

LATILDE LONGITUDE d
~iUN 1

Li8~

42

2759 159.17 E -1*- 132963 .37 5 ~~ l.amhcrt -Va. South 
______
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OUNTSY TYPE OF MASH ITATION
Concrete Back Bay National Wildli fe Refuge 

-

U.S.A.
_____________________ nonument With disk Profile linp L1~LOCALIT Y STAMPING ON MASK AGENCY ICAIT IN MASKSI L V * I P I I
V i r g i n i a  Beach , Va. PRO 13-2 VIMS-CFRC 

_____________________________________________  —
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)N0RTNINS*4(*STIHOI IFTI  (SAITINO)(MOS T IIIMG) (p7) 0110 AND 50115 j (STAULIZHEO BY IAO ENCY*
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COUNT S? TYPE OF MASK STATIONConcrete Back Bay National Wildlife RefugeU . S . A .  
___________________ _________________ ____________________________________ monument with disk P~-nfi~~ . ~-inp ~ & VIM S

LOCALITY STAMPING ON MASK AGENCY (CAST IN MASKS) ELEVATION IFT I
Virginia Beach 5 Va. PRO 14-2 VIMS-CERC 9.76 -sM*- -
L ATITUDE LONGITUDE CATUM DATUM
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,:OUMTSY 1YPEOP NASK
COncrCtC 

A T A T ( ON Back Bay National Wildlife Refuge
U.S .A. monument with disk South Boundary Prof lç ~ ine 15 VIMS 2
LOC ALITY STAMPING ON MASK AGEIICV (CAST (N HAIKu T~~LEVATI0II lFTl
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COUHTIY tYPE OF MASK 
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.(TATIONe False Cope State Park Profile
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APPENDIX H

WAVE OBSERVE R HISTORY

Appendix H contains the months data were received from wave
observers .
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APPENDIX I

SHORELINE AND CROSS-SECTION CHANGES

Appendix I 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-
cessive surveys. Column 2 is the distance between positions of the MSL
shoreline on the profiles. Column 3 is the change in cross-sectional
area under the profiles . The area under the profiles is bounded on the
landward side by a vertical line passing through a point common to all
surveys of that profile line , on the bottom by the MSL datum, and on the
top and seaward sides by the surveyed profiles . Where prof ile lines
cross MSL more than once, the landwardmost intercept terminates the area .
Negative signs indicate erosion between surveys .

Changes were computed at CERC using program PRCHAR . To obtain unit
volume loss in cubic yards per foot of shoreline , divide the figure in
column 3 by 27.
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I

OI.Csge is OI.ngn Ill I 057w betAs., I OIIII5C is I ~~~~~~~ IN I Esys between
LIst. J (CL shorolin. crw,.-section.l ana l surveys Set. I lOt sh o r e l ine I cross-sectional Ire. I surveys

between suns?, between surveys I I b.teeen surveys 1 between survey. I
(y r )  (is) Id) (ft) (Ct 2 ) (No.) (yr) (So) (

~> I (Ct) (ft 2 C

Prufile line 01 Profile lIne 02

74 10 10 C I I  -9.61 29 74 10 II 4.03 56.49 30

74 II 8 —47. 85 —81.7 8 29 74 15 8 — 9 .11  — 7 3 . 2 7  25
74 12 4 12.39 - —7 2.22 26 74 12 4 — 9 . 32  —1 5 1.93 26
75 I 9 25 .5 3 13.2? 36 75 1 8 33.19 70.11 36
75 II 7.41 ().T .77 33 75 2 II .1.47 27 .52 33
75 3 10 -1.58 -59.20 27 75 3 50 5 2.29 9.65 27
75 3 IS —12 .33  46 .98 5 75 3 II — 2 2.20  -7 .55
75 3 20 1.63 15 .12 5 75 3 20 -12 .14 —67.44
75 4 0.80 -17 .54 28 75 4 7 5.65 9.02 (8
75 5 12.82 -36 .91 78 75 5 5 1.20 25.5 1 28
75 6 15.30 194 .14 32 75 6 S 6 .57 525.00
75 7 —7. 10 120 .64 25 75 7 1 4 .27 -127.66 26

75 7 -3.49 28 .99 5 75 7 0 - 5.04 184.59
75 S 5.37 105.1? 21 75 S 6 2.43 29.90 28
75 9 3 -6.4 ) -30 .29 28 75 9 3 -28 .87 -242.64 28
75 9 9,97 :1.55 6 75 9 9 14. 98 101.11 6
75 II 15 -0.00 4 .00 36 75 20 15 - 5.22 -1.97 36
70 II 12 -15.39 —87 .40 28 75 II 12 — 13.6 1 -72.37 25
75 II 25 9.20 -54 .64 13 75 11 25 ’ 3.77 -23 1.63 IS
75 12 9 -3.50 -39,32 II 75 12 9 —9 .36 - 4 1 . 45 14
76 I 5 19. 72 48.95 27 76 1 5 —0 .22 54.19 27
76 2 12 7.94 63.17 38 76 2 12 26.81 173.50 38
76 3 5 2.39 0,76 25 76 3 8 —3.24 8.34 25
76 3 12 —10 .53 —49.97 4 76 3 17 —4.04 -21.48 4
76 5 3 26.64 127 .15 52 76 4 7 1.95 24 .67 26
76 6 9 42.60 166 .15 37 76 4 10 -8.56 -75_ Is 3
76 7 6 9.27 - 100,96 27 76 5 3 4.15 47.82
76 5 2 -23.94 -102.42 27 76 6 9 -11.64 -79.54 37
76 N II 37.02 286.80 8 76 7 6 6.74 68.42 27
76 9 3 -38.16 -159 ,75 24 76 8 2 10.04 29.84 77
76 20 S -32 .S7 -67.49 32 76 8 10 8.42 37.57 I
76 II 4 23.65 -31.14 30 76 9 3 -20.72 -60.99 24

76 20 5 11.68 5.67 32
76 II 4 129.81 233.74 50

Profile lieN 03 Profile line 04

74 10 II 39.01 133.91 30 74 20 11 17.41 65.16 30
74 11 5 -31.83 -152.06 28 74 II 8 2.59 -5.06 28
74 I’ 4 —2.40 -55 .94 26 74 12 3 32.6) 103.40 25
75 9 22.85 103 .67 36 75 1 9 -7 .51  -44.55 37
75 II 46.53 102.64 33 75 7 II 23.92 26.63 33
75 IS 13.42 -3 .92 27 15 3 10 2.73 -43.29 27
75 15 — 39.35 -25.33 5 75 3 15 -22.62 ‘9.05 5
75 3 20 -2 6 . 2 7  — 144.93 5 75 3 20 -15.97 2.74 5
75 4 7 28.03 73 .07 IS 75 4 7 6.18 ‘22 .01 28
75 S S -4 . 86 94 .09 28 71 5 —12 . 93  —4 7 .59 29
75 6 S 12,95 95 .75 31 75 6 .10. 29 29 .66 51
75 7 I -34 .1 3 -240 .57 26 75 7 — 24 .4 7 -93.84 54
75 7 9 9.33 91.93 8 75 N 3.06 11.78 27
75 8 5 -2.20 17 .24 27 75 9 6 .13  -14 .92 29
75 9 3 -28.53 - 118 .99 29 75 9 19.04 76.72 ’  5
75 9 8 -2 .7 5  24 ,96 5 75 10 IS — 12.9 1 —7 1.41 37
75 10 IS —14.05 -54.68 37 71 II Ii -1.03 65.74 28
75 Il 12 3 5.73 — 110.66 28 75 II 25 80.70 86.44 13
75 II 23 6.25 -191.25 II 75 12 9 -16.44 111.57 14
75 12 9 1.24 80 .13 IC 76 I 5 -N .5l 33.53 27
16 I 5 0 .26 -28.5 1 21 76 2 12 —1 6. 85 -26.03 39
76 2 12 -8.02 59.67 39 76 3 S -35.61 -148.16 75
76 3 8 —1 8.67 11.50 25 76 3 12 24.49 6 3 .47  4
76 3 12 -10.77 —111 .02 4 76 4 7 3.35 78 77 26
76 4 7 23.21 51.97 26 76 4 10 -10.25 -145.35 3
76 4 10 -13.19 -63.41 3 lb 5 3 —16.81 .11. 71 23
IA 5 3 -13.31 -37.18 23 76 6 9 38.00 8.93 37
76 6 9 49.55 183.50 31 76 7 6 -63.59 -149.24 21
76 5 2 18.57 846. 97 54 76 8 2 -15.20 -108.71 27
76 5 30 -12.52 -5 .49 S 76 8 30 21.29 13.62 N
76 10 5 24 ,18 12 .15 5* 76 9 3 57.30 157 .75 24
76 I l  4 —1.09 73.68 30 76 10 S -77,97 24. 73 52

76 II 4 34.67 205.94 30POT!. --Serveyw on 760106 end 760903 did not teeth (CI.( 
an~ Ire ((01 inc l uded.
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T Chan~o in Change in Days between 
‘
~~~~~~~

“T”” u~e Ia Days between
Sate lOt shorelins crooo-sect)onal ire. .urveyn Sets (CL ohorellos CroNs-o.c t io,IaI area surve ys

between surveys Wtnen sunsyo between survey. between surveys
(y r) (an) (d) (Ct) (Ct 2 ) (No.) (yr) (en) (dl (Ct ) (Ct 2 ) (No.)

Profile line 00 ProfIl, u . s  06

74 10 11 8.33 l00.7S 
‘ 

30 74 10 II 11.31 59. 36 30
74 11 7 -0.7 3 -39. 50 21 74 11 8 -2 1.17 -94.94 28
75 5 S -9.27 -110.39 62 74 12 4 4 .01 -40.97 26
75 2 Il 7.42 10.02 34 75 I 9 26.84 -10 . 2 3  36
75 3 10 7.05 13.52 27 71 2 10 10.53 44 .45 32
75 3 IS 9.03 8.63 5 iS 3 50 -8.83 -9.59 25
75 3 20 -40.86 -100 .67 S 75 3 15 -8.92 51 .35 5
75 4 7 44.17 40.71 55 75 3 2fl -IS.20 —17 .63 S
75 1 5 —15 .78 3.S4 29 75 4 -4 .29 -91.10 18
75 6 5 — 5.42  76.80 31 7S 5 14 .60 51.S2 25
75 1 5 28.50 -S3 .29 26 75 6 S 13.96 144.75 SI
75 7 9 — 2 1.0 1 106.57 0 75 7 2. 50 —104 .35 26
7S 0 5 -1.71 —33.51 27 75 7 9 - 1.85 116.00 S
75 9 3 6.37 .34.24 29 75 0 0.61 23.84 27 —
75 9 N -2.40 8.86 S 75 9 4.72 .85.77 29
7S Si 55 —57 .73  22.14 37 75 N -5.25 40.19 5
75 II 12 19.83 30.73 29 75 10 1~ —25.15 — 133.12 37
75 11 25 — 10.35 — 161 .44 13 75 II 12 -9,50 14 .74 2S
75 12 9 -11.60 9.33 14 75 II 25 0.84 -196.20 13
76 1 S 31.20 54.76 27 7S 12 9 —7.07 S5.54 II
16 2 12 2.32 158.19 38 16 5 5 9.61 -S6.36 27
76 3 8 16.58 59,85 25 76 2 12 14.19 20.88 35
76 3 12 -16.53 -135.92 4 76 5 5 -33.40 -64.96 2S
76 4 7 -13.35 24.83 26 76 3 12 59.10 50.06 4 476 S 3 —14.54 -0 2 .57 26 76 4 7 -1.28 20.68 76
76 6 9 20.48 63.Oy 37 76 5 3 -19.88 -71.68 26
76 7 6 1.20 15.46 27 76 6 9 33. 40 80.00 37
lb 5 2 -9.23 -55.10 27 16 7 6 -22,35 40. 75 2 7
76 5 10 29.38 -4.90 S 76 * 2 0.18 -21.69 27
76 15 S -7 .76 55.01 56 76 S 10 01. 42 24.9 7 8
76 11 4 -20.7 9 —17 .87 30 76 9 5 -18 .31 -60.05 24

8038 --Survey , on 741204 , 769410 . and 760903 dId sot 10 4 . ~~ 

~~reach SCL and are not included . S
5011. --Survey on 7604 10 did sot reach PCI. and is (lot

I. ___________________ J _____________ 

included.

Profile line 07 ProfIle LI. . 08

74 10 II -0.33 54.50 30 74 10 10 -0.32 37. 24 29
74 11 5 32.24 87.54 28 74 II 7 -6.08 -50.04 28
75 1 9 -11.79 -146.07 62 14 52 3 54.62 31.29 26
75 7 10 17.82 19.S0 32 75 8 0.68 —54 .49 36
7S 3 10 — 1.66 -5.66 2N 75 IS —3.73  24.69 33
75 3 15 -7 .94 -2.91 5 75 50 5.07 4.29 28
75 3 20 — 7.32  -58.39 S 75 55 —26 .67 -83.22 S
75 4 7 -20.60 -62.04 II 75 20 5.03 -70.62 S
75 5 5 9,59 S2 .22 28 75 7 —13.0 2 63. 74 55
75 6 S 20.05 127,16 II 75 5 5 29.50 153.13 20
75 7 I -24.63 .159.39 26 75 6 S 3,60 209.15 31
75 7 9 9 ,00 181.65 8 75 7 1 -1,85 -425.79 26
75 5- S 56.S0 66.55 21 75 7 9 -13.6S 3SS.bS S
70 9 5 -26 50 -115.50 29 15 9 1 8.33 13.53 27
75 9 5 38.67 103.45 1 71 9 3 -28 .55 -1S7.98 29
75 10 IS -35.19 -10.S2 31 75 9 * 54 ,96 40.97
7S 11 12 10.09 -21.15 20 75 10 IS -6.07 109.23 37
75 II 25 6. 43 .175,01 . 13 75 11 12 8.99 -7 . 4 1  28
75 12 8 6.50 0,7* 14 75 51 25 9,09 -105.03 IS
lb 1 S 6.03 110.61 21 15 12 N —20.37 — 91.IS 14
76 2 52 —1 .17 21.50 38 76 I S —2.47 -73.79 27
76 3 5 .5.35 47.72 2S 76 2 02 21.23 74.0 2 39
76 3 12 -10.33 -75 ,97 4 76 3 5 -12.24 -5,79 25
76 4 7 0.19 25.7* 26 76 3 12 -56.10 -53.03 C
76 8 3 -11.17 -5.24 26 16 4 1 .7,10 -46.08 26
76 6 9 24.81 -42.26 37 16 5 3 -3.75 -0.32 26
76 7 6 5.31 64.90 27 76 6 9 5.66 49 . 17 31
76 $ 2 -29,62 0.09 21 76 1 6 6.81 152.49 21
76 I 10 19.74 70.72 76 5 2 -9.01 -22. 25 27
76 9 3 -12.03 19.82 24 76 S 50 26.64 14,61 I
75 10 5 23.95 -38 .55 32 76 10 S .55,50 -102.56 Sb
76 II 4 -21.57 2.09 30 16 II  4 55 . 34 43.44 30

lOIl .--lurvsy. is 741204 and 7604)0 did net reach 101. (CTI..-Survey. on 750410 and 760903 dId sot rs.Ub (CL lad
s.d are sot lntludsd. ar, sit intlladed,
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Change in Ch.ngs in Day. betw een Chaege in (Slang. in Day. between
Date (CL shoreline c ross-sectional area survey. Sate lEt whorelins trOtn-uect(onal aria survey.

between surveys between surveys - betweee survayl bIte.., surveys
(yr) (an) (d) (Ct) (Ct2) (19..) lyr) (is) (dl (It) (Ct 5 ) (No.)

Proflla line 09 Profile line 50

74 10 10 —1, 79 -1.5* iS 74 10 10 -1 .83 - 5 . 00 28
74 11 7 —20.30 .S8.7S 2* 74 II 7 .4.51 -49.29 28
74 12 3 10.17 —13.2* 26 74 12 3 33.87 43.72 26
7S I 8 IS.03 52.93 36 15 1 0 S O S  36.71 36
75 2 10 5.38 .S5.95 33 75 2 IS -S.90 -1S2.S6 33
15 3 IS -S.6S 19. 71 2* 75 3 IS - 3 .59  22. 4$ 25

~~ 15 3 IS - 12.29 -46 .S4 5 75 3 IS -8 .00 14.07
7S 3 20 -10.86 I0.6S S 75 3 20 -3 .63 -S9 .45
75 4 7 — 3. 47 — 4 5 . 1 3  58 75 4 7 - 3 . 2 9  -9.0* IN
PS $ 5 3.82 107.96 2* 75 5 1 ‘2.9 1 49.54 20
75 5 5 16.00 85.08 31 15 6 S -1.80 162.38 SI
75 7 I —2 .53 —176.21 26 71 7 -4.34 —118,00 26
75 7 9 -50.24 122 .19 8 75 7 9 —7 .00 S8.3S $

* v 75 0 5 10.91 32.68 27 71 * 5 1.9$ -30.25 21
75 9 3 8.97 -143.02 20 15 9 3 23.68 -31.04 29
7S 9 * -15 .19 69.09 S 75 9 5 .10.50 70.94 5
75 10 15 - S.7 I  31. 74 37 75 10 IS .21 .19 -60. 89 37
75 11 12 -4.66 -62.35 2* 75 Il 12 7 .07 34 .7 S 2*
7S 11 25 - -7 .71 — 177 .17 IS 75 12 9 -7 .50 -1S7.07 21
75 12 9 —1 8 . 12  —42.83 14 76 5 5 32 .00 93.24 27
76 5 5 21.3* 28.11 27 76 2 12 -4 .56 7S.24 38
76 2 12 12. 40 106.03 38 76 3 8 -8.44 -3&02 21
76 3 8 -10.61 -22.59 2S 76 3 12 1 .5) 73.01 C
76 3 12 -0.56 -68 .39 1 76 4 7 7 .36 108.11 26
76 4 7 -57.17 IS.04 26 76 5 3 —24,S7 —1 37.81 26
76 5 3 13.42 20.73 26 76 6 9 22.91 23.71 31
76 6 9 0.16 4.20 37 76 7 6 -14.08 -61.84 27
76 7 6 16.96 100.62 27 16 5 10 31.07 129.16 31
76 8 2 -11.66 .64.31 27 76 * 3 -35, 74 -60.3* 24
76 0 IS 20.54 80.07 8 16 50 5 60.40 -20.7S 32
76 10 S -7 .31 -503.06 56 76 51 4 — 23. 49 S2 .SS 30
76 I~ 4 -12.18 2.25 10 ((070 --Surveys on 75112S . 760410, and 760802 did not r.acb
8070. --Surveys ow 760410 end 160903 did not reach (CL (CL and are cot included .

and are sot included.

Profile line Ii ProfIle line 12

74 II 7 13 .26 S3.1 9 56 74 IS 10 7 .22 -77.04 28
74 12 3 -15.74 ‘120.01 26 74 51 7 -5.03 -5.19 28
75 I 9 26.30 SI.30 36 74 12 3 2.70 ‘74.90 26
75 2 10 18.06 .36.96 33 75 I 8 10.3$ 5.71 36
75 3 10 -0.90 49.3 1 2* 7S 2 10 2 1 .S6 -36.30 33
75 3 IS -IS.S1 .25.64 5 75 3 10 -10.40 44.70 20
7S 3 20 -19.84 -63 .OS S 75 3 15 -26 .14 -22.6 1 S
75 4 7 -6.35 -40.04 II 75 3 70 -7 .89 -52 .01
75 5 S 17 .75 80.80 28 75 4 7 —9 .5)  ‘139. 77 II
75 6 5 6. 74 75.59 31 75 S 5 21 .40 —0.1 5  25
75 7 9 -27 .93 — 57.S0 34 7S 6 S 14 .57 248.10 35
75 5 S - 4 .27  —$ 6. 46 27 71 7 9 —S0.66 ‘431.11 34
75 9 3 4.11 —39 .45 29 75 8 5 47 .10 439.18 21
75 9 8 54.54 51.93 5 15 9 3 -5 .58 -42.5 1 20
75 10 IS -18.76 22 .34 17 75 9 5 -3.80 17.16
75 11 Ii 5 . 5 7  ‘31.73 2$ iS 10 SS -6 .35 40.05 37
7S 17 * -24.7S -251.37 27 75 11 12 - 1.30 — 17.4 7 28
76 S 2.62 -2 .94 77 75 12 9 3.S0 -1)3.49 27
76 2 12 9.62 7S.63 3$ 76 1 5 4,99 2,79 77
76 3 * 20.57 77,45 25 76 2 3 5  56.14 30
76 3 Ii -0.44 ‘114.56 4 76 3 S — 11.34 6.05 25
76 7 — 12 .11 I03.IS 26 76 3 17 ‘0.21 40.11 4
76 S 3 IS.S4 19.11 26 76 4 7 -3.04 14.69 26
76 6 9 5,56 94.50 37 76 5 3 -3.71 -57 .69 26
76 7 6 2.20 S2.22 27 76 6 9 31.02 59.19 31
76 * 2 —19. 02 —124.82  21 76 7 6 —12.00 10.32 21
76 $ 10 11.2* -6.91 * 76 S 2 -10 .67 9.3 1 21
76 9 3 .9.70 00,03 24 76 I 10 21.01 -14.60 5
76 III S 1.01 20.68 32 75 9 3 - 3 .34  -13.14 74
76 II 4 6.66 — 104.47 30 76 10 S 33.SS 11.08 32

NOTO .--Ss rveyu on 741010 . 75070I 781128, and 760410 did 76 II 4 .26.04 -64.99 30
not roach lOt end are Not lncItadsd. (OTh..-SurvsyS On 7S0701 . 701125. aNd 760410 did not reach

101. eed are set iec lud.d.
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Change in Change in Daya bets.., Change in Change in I Days betseen
List, lOt shoreline crosu -secti on a l area surveys Date lOt shoreline cross-sectlonal area s urceyu

between surveys between uurveyn between su rveys between su nays I
(y r) (.o ) (dl (ft) (It 2 ) (No.)  (yr) ( o )  (dl (Ct)  (ft 2 ) (No . )

ProfIle line 13 Profile line 14

74 10 10 20.54 69.27 25 74 10 10 2 . 5 0  -32 .4 S 28
74 II 1 -24.55 ‘162.5 0 28 74 Il 7 —7.06 11.90 20
74 (2 S 22.4 1 -4 9 .91 26 74 12 3 -24 .5* -*3.57 26
75 I 8 25.20 -S4.35 36 7S I 8 43.02 -36.05 36
iS 2 15 -16.19 —43 .04 33 75 2 IS -3 .06 -50.07 33
7S 3 50 -0.45 -41 .27 2* 75 3 50 -10.30 -42.S6 2*
75 3 IS 17. S S 48.56 5 iS S IS -0.02 S.89 5
75 3 25 —22 . 80  -59 .04 S 75 3 20 8.2* 31.06 5 5~
75 4 7 4.05 11.75 IS 7$ 1 7 -1 .24 6.74 10
75 5 5 —55, 33  24 ,30 28 75 5 5 -11.99 13.57 2*
7S 6 5 9. IS 109 .13 31 75 6 5 -0.93 91.15 SI
73 7 5 -11.10 -72.80 26 75 7 1 SS.74 -50.43 26
iS 7 9 -14 .01 29 .56 8 7S 7 9 -40.87 65.70 $
75 0 5 59.52 I09.4S 27 75 0 5 12.99 57.26 27
75 9 3 -7.66 58.20 29 75 9 5 -4 .40 -40.66 29
75 9 9 - 5 0 . 2 3  -35 .06 S 7S 9 0 0.Sl I0.S6 S
75 (0 IS 4.50 36 .27 37 7S IS 55 3.95 27.02 37
75 II Il -IS bN - 115 .37 20 iS II 5 2 -5 .25  126.63 28
75 12 9 14 .57 -15 .92 27 75 5 2 9 -21.91 —Sos .y g 27
76 I 5 (7.94 67.12 27 76 I 5 29.16 0.S0 27
76 2 52 -9. 19 41 .81 38 76 2 12 —7.3S 150.55 38
‘6 3 5 - iS .07  -51 .55  25 76 3 0 27.44 60.53 25
71, 3 12 55 .40  S6 .2S 6 16 3 Ii .37.36 -92.64 4
76 4 7 —7 .39 56 .09 26 76 4 7 17 .93 12.77 26
76 0 3 -7 .22 - 52 .01 26 76 5 3 -19.49 -(.29 26
76 6 9 14 .40 -61 .30 37 76 6 * 29.82 60.17 37
76 7 6 0.60 56 .90 27 76 7 6 —6.34 -57 .15 27
76 8 10 -0.46 -30.60 35 76 0 2 -19.00 56 .45 27
76 9 S .13.34 41 .41 24 76 5 10 24.86 77.63
76 10 5 -17 .20  -100 .27 32 76 9 3 -1.50 —5 1 .52 24
76 II 4 34.04 -56 .32 30 76 10 5 30.91 -36.01 32

NOTE --Surveys ow 7 S l l 2 5. 760450 , and 71,0002 did not 76 II 4 -5 0.77 -S l .1* 50
reach (CL and are not included. (4038. ‘-Surveys on 7S112S and 760410 did not reach (CL

and are nut Included .

Profile line 55 ProfIle line lb

74 IS 10 -14 ,56 -56 .04 28 74 10 10 —11.74 137 51 20
74 II 7 24,78 6.SS 28 74 Il 7 1.54 -125 .3$ 2$
74 52 3 5 8 . 5 3  ( . 95  26 74 12 3 - 2 . 5 7  -136 .90 26
7$ I 9 -I2 .9S - 116 .4 1 36 75 9 5.24 4 .10 ‘ 36
71 2 10 -33 .10 — 50 .76 93 iS 80 3.06 I7 .6S 53
75 3 IC 29 .80 5 . 07 25 71 10 — 16.30 90.94 28
71 3 IS -20 ,16 - 4 2 . 7 5  0 75 IS ‘30.93 -SI .30 S
75 3 20 2 .92 44 .39 S 7S 20 32,83 -20.92
75 4 7 25 . 40 -99 .91 IS 75 7 —1 0 .03  24 .35 IS
75 S 5 -59.02 -4 .53 28 75 S 5 20.44 72 .60 20
75 6 S 0 .97 124 .39 SI 71 6 5 -7 .23 06.90 SI
iS 7 1 - 11 .49 — 10 1.02 26 73 I 7 .50 —19 .OS 26
75 7 9 -0.00 7S .12 0 15 9 -16.52 7S .OS
75 8 5 -10.21 66.38 27 75 5 10,69 0.29 27
7S 9 3 31 .29 101.14 29 75 3 13.79 — 19 .07 29
75 9 0 2. 49 2.99 S 75 5 -9 .30 29.80
75 10 IS 9.67 .94 59 37 71 10 II —27 ,28 -33 .66 57
75 II 12 8.: 6 - 5 2  Ii 20 75 II Ii 21.27 7 .40 20
7$ II 25 sa .fl 37 .74 IS 75 II 25 -19 .9 2 -140 . 44 13
75 Il 9 -32. 90  —35.04 14 iS 12 9 —2 1 .2$  27 .17 II
76 I S —1 4 .40 —15 .27 27 76 S 14.74 34.94 27
‘c 2 12 40 .3 3 70.69 5* 76 12 45. 76 474 .5 1 34
76 3 8 -20.5$ -35.01 25 76 5 — 10 .09 -3S7 .03 25
76 3 Ii 13.41 18.04 4 76 12 — 11.73 -25 .77 C
76 4 7 -3 .23 60.6.4 26 76 4 1 -3.05 26. 71 26
76 4 10 30.33 12.37 S 76 4 10 4 .46 - 21.41 3
76 5 S -46.20 3.29 23 76 5 5 .57,S9 —60 ,94 23
76 6 9 11.63 -77.74 57 76 9 41.00 51.57 57
76 7 6 -27 .S4 56.bO 21 76 6 1.4* 51.87 27
76 5 2 25.30 -16.12 77 76 2 -0.11 29 7i 27
76 I 10 16.79 9.69 5 76 55 -12.20 -71.76 S
76 9 3 -22.70 67.61 24 76 3 .12.70 *1.00 26
76 10 1 -33.90 -189.03 32 76 IS 5 25.12 -57.54 32
16 II 4 -20.49 -33.20 30 16 II 4 -20,75 -31.4S 30
8010 --Survey on 741201 dId not ranch lEt end Is set

Inc l uded.
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Change ia 
- 
Change i n  Day, b.t.sne Osa.ge in Change is Days between

Date lEt ahoreli,e croeS-Sect inna l area ourveyS Sets (CL shoreline troes-w.ctmenel area surveys
bstwsen survey, between survey, bItes. , surveys between surveys

(yr) (is) (1) (Ct) (ft 2) (No.) (ys’) (an) (dl (f t)  (ft 2 ) (Plo-I

Profile line Ii Profils line IS

74 10 10 -12.SS 35 24 25 14 10 10 -7,11 67.21 2$
74 SI 7 lS.I9 18.60 20 74 Il 7 lI.9S -52.69 20
75 I 5 -84 .22  .165.91 62 74 12 3 2.47 -301.50 26
75 2 10 —2 1.66 19.20 33 75 I I S.93 157.74 36
75 3 10 21.30 12 59 29 7S 2 10 -7.80 —46.86 33
75 3 15 -7.25 -37.96 5 75 3 10 -3.10 S4.O S 25
75 3 20 — 1 1 . 1 7  -74 ,63 5 75 S IS -6.72 -45.6* 5
71 4 7 16,70 139 .0$ IS 15 3 20 -0.00 -3.24
15 5 S -15.22 77.61 20 75 4 7 16.17 84.42 IN
75 6 S 0 4 2  -19.79 31 15 S S -10.36 -26.10 20
75 I Il.Sl -111.4* 26 iS 6 S 6.25 155.42 SI
7S -6.S3 79.26 $ 70 7 12.33 -66.00 26
75 -S . IS 6.SS 27 75 7 9 -11.30 -44 .4S
75 0.97 -11 36 29 75 0 S 20.67 110 .02 27
75 -20,00 12 42 5 75 9 5 -15 .17 -103.05 29
75 I IS 15.19 12.86 37 75 9 $ 11,50 5.31 1
78 I 12 6,36 43.9’  20 75 10 55 -33.91 107.34 37
75’ I 25 .5.02 -116.5$ IS - 75 1 Ii -3.93 -39,53 25
15 I 9 -20,53 -SS.S0 14 75 Il 25 15.09 -12L66 13
16 S 12.74 55,06 27 7S 12 9 -16.42 1)3.74 14
76 12 -0,65 40.46 30 76 S 0.74 4.22 27
76 $ 0.36 4,01 iS 76 2 12 23.93 153.79 35
76 12 -4.0$ -18, 40 4 76 3 5 -12.20 -97.30 2S
76 7 17 00 104.30 26 76 3 12 2.2S -6L79 4
7* 4 10 3.37 -56 21 • 76 4 7 0.64 54.40 26
76 3 -13.24 -10.05 23 76 4 10 -2,59 -74.22 3
76 6 9 30 . 30 120.09 37 76 S S -31.43 5.06 23
76 6 -20.29 -IS.49 27 76 6 9 15.97 -94.02 37-
76 2 5.02 46.00 27 76 7 6 46.01 2lO S4 27
76 10 2,45 .42.61 $ 76 $ 2 -27.76 36 S1 27
76 9 3 -26 18 20.S$ 24 76 $ 10 -0.19 -115,04 5
76 10 S 30.70 5.66 32 76 9 S —52.49 -21,30 24
76. II 6 -14 .0$ -4S,$ l  50 * 10 S 12.81 36.29 32

76 II 4 -24 .60 .2 .43 30

185 BESFAVAILABLE COPY

a _____________________________________________ - - —-. .—-——-——- -- . --.-
~~~~~~~ - . . --—---.————- — - -  . — —

~~~~~~ .——- -——--.-- -— —. —



.~ t , t’~ ‘0 0 .  r’i .0
P4 5 • 74

6. 

I-.

1,’, - ‘.4 1.. .. 5.,
.0 00 I tj .,4 .0 50

.0  7—
> 5 . 4 )  8*0  -o Lo ,4 -~~ ~~~O .  ~~ 73 .~~~ 1-

73 0 .4 .7--
0 . 1  41601 .. 5) .-l > 0.4 (II

7 3 5 J  ‘.4 6 1  4J~~. 4 4 1 5J - 7 3 4 1  ,‘4 I~ 6. .-4 41 aJ
0 0 5 -  5 2 4 1  19 $1 41 •~~~~0 • 5 2 4 1  41 4 ( 4 1  .~~~~0
41 7 3 - 1 9 1 9  6 . ’ 6 . ( 0 O 6  0 19 7 3 . 4 1 4) (2 9 . 5 ( 0 0 4 1  0

...4 r-.~~~~~~~ 41 0 ‘.4>.. .641- 9 0  60  .4>..
4 J 6 . 1- .O’ .4  0. 1 4 0 0  0 6 .  - 1.I 4( r’- O - . 4  0. 1 4 6 6  9 6 .

19 lo ..4 0. .4 66 4112 .4 0 .51 6. 1 9 S u’ 40 . 4 8 0  W 4 ~~.4 0 *4 1 54
.4 04.- 00 0 0 0 0 $ 1 .0 .,’I O .4 lw -.- 80 0 9 0 0 e J.0 ’.4 0
0 1 1 0  051 53 .4 012 0. 0 (6 6  01.2 uJ -.’4 (2 6. 0.
,4 0 1 , S  0 7 3 0 0. - I 4 1 O t I  -.4 0 5 4  0 7 3 6 6 6 4 4 ) 9 9
80 ....l 4( 64 0 0 6 . 1 9 O i f lbs • Si - ‘ .4 11 .4 0 0 5 . 1 9 9 5* 6 . .
6 . - .5.. i,l .-4 4) . 4 1 9 .4 6 . 0 5  52 s. — s. U .1 4) . 4 4 1 . 4 6 . 0 5  6.

6 . 0 .>19 •~~~~4i N ~4 0 . ’ . 4 4 1 4 2  6 . 0 . >9 . 4 1 4 1  1-1
11 41 9 1 9~~-1~~~~~ 6. .— > .-4 Cfl~~~~6 . 4 (  5 ) 4 1  4 1 4 1 4 . l~~~~~ l2 .~
5 7 3 3 4 0 - . - 41 - 4 0 0  • 41 6 . 7 3 5 00 . 4 6 4 0 0

~~~~~~ 
4) 42 . 6 6  4) 42 . 5 0  41

0 90  U 0 O 0 0 6 4 t I~~~ P’~ 4(19 0 0 0 1 . 50 1—I W SI (“.
U 0.4 -.I vC O Ut.5 0 .4 .5 ‘.4

• 4 1 1 ) ( c ) (2 .64 .5 4) .— 4( 0 • 001’1 6. ..‘4 .0
0 1 . 6 . 0 . 1 1 5  0 4 1 2 0 -.l 5. .-I 0 4 1 . 4 20 . 5*  ‘1-5 14 6) . 4 6 4 .4 0 0
( 0 . 0 ,4 5* • 0 1 9 4 4  > 0 4 ( 6. 0 ( 0 . 0 . 45* • 0 4 1 1 ’  > 0 4 1 ) 4  0

~ 
.~~~~42 •~~~ 0 - . 0 0 1 9  .~~~~42 ~~ 0 • . 0 0 1 9

8 0 6 1 6. 4 2 9 0 )  41 9 0 6 1 4 2. 6 . 0 0 )
,4~~~ ~ I 4( 0 0 . 0’ 0~~~~~~~~ 0 ( 2 .5  I 0 . 4  4)0 1 2 . 0 6 . 1  0 . 4  $~ 

14
0 42 0 4 2 0 0. 4 6 . 1 )0  6. 0 6 2 0 w

5 0 5 ) 5 1 0 4 4 2 0  N S J -..4 ,0 . 4 2  icu, s. 6-.~~ .4 0  N I I -.’4 .0 .12
12 0 0 6 . 4 )  1.. 9 8 0 . 6 6  5. 4 1 0 1 . 41 1. 0 0 0 . 0 0
‘.4 • 4( ) — l 0 ( 2 , -. 0 0 9 4 4 4 2 , 4 ( 20 ‘.4 . 4 ( H o 5 .~ ’. 0 0 4 1 . 5 4 2 , 4 6 . 0
> 0 1 9  0.42 05 3 0 > 6 4 00 1 1 . 4  > 1.3 9  0 . 4 2 0 5  ~~~05.I.004(-.4
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