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PREFACE 

This report is published to provide coastal engineers with a descrip­
tion of beach erosion and accretion at Virginia Beach, Virginia, including 
the effect of continuing beach replenishment, 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 Virginia Institute of Marine Science 
(VIMS), Gloucester Point, Virginia, under CERC Contract No. DACW72-74-C-
0008. Work under this contract is also reported in Applied Science and 
Ocean Engineering No. 122 of VIMS. 

The authors give special appreciation to R.J. Byrne, C. Everts, C.J. 
Galvin, Jr., and M.T. Czerniak, who provided advice during parts of the 
study. Original profile data and helpful discussions were provided by 
P.A. Bullock, L.E. Fausak, W. Harrison, 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 in 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 A.L. Gutman and W.S. Richardson provided unpublished wind 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 Lt. 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 Wildlife Refuge; 
W. Taylor of False Cape State Park; E. Bichner, G. Austin, 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.I. 
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. 
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CO:i\VERSION FACTORS, U.S. CUSTOMARY TO rvt:~TRIC (SI) 
U:-.:ITS OF :•-1EASUREv1ENT 

U.S. customary units- of measurement u5ed in this report can be converted 
to metric (SI) units as follows: 

~1ul tiply 

inches 

square inches 
cubic inches 

feet 

square feet 
cubic feet 

yards 
square yards 
cubic yards 

miles 
square Iililes 

knots 

acres 

foot-pou.~ds 

millibars 

ounces 

pounds 

ton, long 

ton, short 

degrees (angle) 

Fahrenheit degrees 

by 

25.4 
2.54 
6.452 

16.39 

30.48 
o. 3048 
0.0929 
0.0283 

0.9144 
0.836 
0.7646 

1. 6093 
259.0 

1. 85 32 

0.4047 

1.3558 

1.0197 

28.35 

453.6 
0.4536 

1. 0160 

0. 90 72 

0.1745 

5/9 

X 10- 3 

millimeters 
centimeters 

To obtain 

square centimeters 
cubic centimeters 

centimeters 
meters 
square meters 
cubic meters 

meters 
square meters 
cubic meters 

kilometers 
hectares 

kilometers per hour 

hectares 

ne\vton meters 

kilograms per square ccntimc~er 

grams 

grams 
kilograms 

metric tons 

metric tons 

radians 

Celsius degrees or Kelvins 1 

1To obtain Celsius (C) tenverature readings from F~trenheit (F) readings, 
usc 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 A~D ACCRETION AT 
VIRGINIA BEACH, VIRGINIA, ru~D VICI~ITY 

by 

Viator GoZdsmith3 Susan C. Stv~m, 
and George R. Th~mas 

I. I~TRODUCTION 

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 ~ata with older surveyed data at 14 of the 18 same 
profile lines. Additionally, to provide background information needed 
to better plan and understand studies at the C:ERC 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 Carolina, 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 
calculated net volume changes in the nearshore and intertidal parts of 
the profile line between 1946, 1952, 1955, and 1958. He concluded that 
84 percent of the nourishment material placed on the beach between 
Rudee Inlet 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 Virginia were undertaken by Harrison and Wagner (1964). In 

9 
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Table 1. Beach profile history. 

Distance to next 
Profile profile linel Previous 
line1 (mi) (km) investigators Dates sampled 

1 2.0 3.2 Fausak (1970) Daily, 10 Aug. to 9 Sept. 

2 3.1 5.0 Harrison and 1\'agner (1964) 4 Xov. 1956 to Sept. 1958, 
7 and 8 ~far. 1962 

3 0.9 !. 4 Harrison and 1\'agner (1964) 25 ~!ar. and 10 Apr. 1963, 
11 June to 5 July 1963 

4 0.9 1.4 Harrison and Wagner (1964) 25 ~tar. and 10 Apr. 1963, 
11 June to 5 July 1963 

5 1.4 2.2 Harrison and 1\'agner (1964) ~r. and Apr. 1963, 
1 0 June to 5 July 1963 

6 1.7 2. 7 ~ew profile line 
~ 

7 1.0 1.6 Goldsmith, Smith, and Sutton2 Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

8 3.1 5.0 Bullock (1971) ~!or.thly July 1969 to 
~tar. 1971 

Goldsmith, Smith, and Sutton (1974) B~oor.thly (approx.) 
Sept. 1972 to Jan. 1974 

9 1.7 2. 7 
I ~ew profile line 

10 1.3 2.1 Bullock (1971) ~lonthly July 1969 to 
~tar. 1971 

Goldsmith, Sr.Jith, a."ld Sutton (197.!) Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

11 0.5 0.8 Goldsn:ith, Sr.Jith, and Sutton ( 1974) Bioonth1y (approx.) 
Sept. 1972 to Jan. 1974 

12 0.8 1.3 Goldsmith, Snith, and S;.~tton (1974) Bi::lonth1y (approx.) 
Sept. 1972 to Jan. 1974 

lAverage of 2.5 kilometers between each profile line. 
2Total of 42.2 kilometers between profile lines 1 and 18. 

Survfl}'_ technique 

1969 Tape and level 

Tape and level 

Tape and level 

Tape and level 

Tape and level 

Emery 

Schwartz one-man 
beach profile technique 

Emery 

Schwartz one-man 
beach profile technique 

Emery 

Emery 

Emery 



Table 1. Beach profile history.--continued 

Distance to next 
Profile profile linel Previous 
linel (rai) (kc) investigators Dates sa:npled 

13 0.5 0.8 Goldsmi'tl':, Sraith, and Sutton (1974) Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

14 1.6 2.6 Bullock (1971) Monthly July 1969 to 
Mar. 1971 

Gcldsmi th, Sm:.th, and S01tton (!974) Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

15 2.9 4.7 :iclds:nith, Smith, and Sutton (1974) Bir.~o;~t:J.ly (approx.) 
Sept. 1972 to Jan. 1974 

16 1.3 2.1 Ballock ( 1971) ~onthly July 1969 to 
~tar. 1971 

Goldsmith 1 Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

17 1.5 2.4 S!tideler, Swift, and McHone (1971) Oct. 1970 to Oct. 1971 

I Goldsmith (1974) Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

18 Bullock ( 1971) ~lonthly July 1969 to 
~tar. 1971 

Goldsmith (1974) Bimonthly (approx.) 
Sept. 1972 to Jan. 1974 

1Average of 2.5 kilometers between each profile line. 
2Total of 42.2 kilometers between profile lines 1 and 18. 

Survey techn~ue 

Emery 

Schwartz one-man 
beach profile technique 

Emery 

Emery 

Sch~artz one-man 
beach profile technique 

Emery 

Tape and level 

I 
Emery 

Schwartz one-man 
bea::h profile technique 

Emery 



this study, monthly, weekly, and daily changes were monitored at four 
locations in Virginia Beach and one at Camp Pendleton. These profile 
lines were measured intermittently between ~ovember 1956 and May 1963. 
The maximum vertical change at the 6lst 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 conditions 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 reoccupied. Additional studies were conducted at Fort Story, north 
of Virginia Beach,by Harrison, et al. (1968), in which more than a 
dozen environmental variables were measured over a 28-day period. No 
discussions or conclusions were mentioned. The importance of the beach 
water table response to tidal 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 al. (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 groundwater 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 reported in Bullock (1971) and Harrison and Bullock (1972). In 
this study, 16 beach locations were surveyed between the Virginia­
Maryland and the Virginia-~orth Carolina State lines for 20 months. 
These data were then used to calibrate a model which attempted to 
forecast changes in beach sand volume resulting from storm conditions. 
"The rer'ul ts indicated that it may be possible to develop pred-iction 
e~uations to forecast beach changes for sections of ocean beach that 
do not exhibit complex offshore bathymetry'' (Bullock, 1971, p. 61) and 
that initial beach volume was a strong determinant of beach volume 
change. Six out of seven of these beach profile 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, 
including beach survey measurements, have been conducted by Shideler, 
Swift, and McHone (1971). Three out of four of these beach profile 
lines, going back to 1969, were reoccupied in September 1972 by 
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Virginia Institute of narine Science (VD"iS) and Old Dor::inion University 
(ODU) personnel, and by Goldsmith, Smith, and Sutton (1974), at bimonthly 
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 firm under contract to the City of Virginia Beach 
and the U.S. Army Engineer District, Norfolk. 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 Engineer 
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 consisting of 13 beach survey locations over 
a 24-kilometer stretch of coast between Rudee Inlet and the Virginia­
North Carolina border was set up in_the summer of 1972. These profile 
lines were surveyed at bimonthly intervals with the cooperation and 
assistance of the personnel of the Back Bay ~ational Wildlife Refuge, 
U.S. Fish and Wildlife Service, and graduate student volunteers at VINS. 
This survey network consisted of three older profile lines of Shideler, 
Swift, McHone (1971), the five profile lines of the Back Bay National 
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 profile 
changes for 27 months over a 45-kilometer stretch of coastline con­
taining a variety of beach types and an irregular offshore bathymetry. 
Included in this study is a comprehensive report on beach changes 
along this coast and a collection of data in uniform format that will 
be available for future engineering studies. The ftata 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) Changes at each profile line from monthly and poststorm 
survey data. 
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(b) Long-term changes at each survey location from data from earlier 
studies and monthly surveys during this study. 

(c) Character of beach behavior in the study area from ground and 
aerial reconnaissance and survey data. 

(d) Character of beach behavior in Currituck County, ~orth Carolina 
from quarterly ground reconnaissance. 

(e) l"Vave climate in study area from visual \"'-'ave observations. 

(f) -Comparison of long- and short-term wave and beach conditions 
from survey data and visual wave data. 

(g) Comparison of beach response in natural, residential, military, 
and commercial use areas from survey data. 

Special attention was paid to the variations in cultural usage and 
to the location of the focus 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 IV), there were storm events of sufficient intensity (App. D) 
as to clearly delineate differing 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 surveying standards) of betlveen 4 and 18 years at 
14 of these locations (App. C) since such lengthy survey histories 
are relatively rare in the United States. Further, the application 
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 furnish the Norfolk District with basic information that extends 
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 com­
pleted CERC Field Research Facility, Duck, North Carolina. For 
example, documentation of beach changes to either side of the Virginia 
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, 
documentation of characteristics and changes on the beaches north of 
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the pier, as well as data illustrating the importance of seasonal versus 
storm-dependent changes in the immediate vicinity, should materially aid 
the design and timing of experimental studies at the pier site. 

If significantly different long-term trends on adjacent natural 
beaches are shown, then the need for detailed site-specific studies be­
fore the instigation of remedial measures would be further emphasized. 
If these variations in beach behavior are shown to be related to beach 
usage (commercial, residential, militar~ or natural), then additional 
information 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 ~ational Wildlife 
Refuge and False Cape State Park are currently reevaluating their roles 
with respect to future services to the recreational public, and are 
requiring this base-line 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, personal communication, 1974) 
with respect to vehicular access, dune fencing programs, and others. 

An important application, unrelated to this study, involves the 
comparison of the long-term beach trends and specific storm-induced 
profile changes with computed wave data from the Virginian Sea Wave 
Climate Model (Goldsmith, et al., 1974b; Goldsmith, 197Sc) 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 local 
agencies involved in the planning and management of this 42-kilometer­
long coastal area, varying widely in usage and beach behavior. 

II. LOCALITY 

1. Geography. 

The nomenclature "southeast Virginia coastal compartment," defined 
here as the concave-seaward stretch of coast between Cape Henry 
and the Virginia-North Carolina State line, is unique to this investi­
gator, but is not arbitrary usage. Historically, the northern limit 
of the Outer Banks was at Old Currituck Inlet near the Virginia-North 
Carolina State line. The inlet has been closed since about 1829. 
From a coastal processes point of view, it is best to consider the 
stretch of coast between Cape Henry and Cape Hatteras (encompassing 
the study area) as a classic coastal spit-barrier island complex, 
with Cape Henry being the headland, and the net annual transport to 
the south (Fisher, 1967). The northern two-thirds of this coast (with 
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Oregon Inlet being 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 portion 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. 2). Profile 
line 1 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 
Inlet) and commercial area. Profile lines 6, 7, and 8 are located in 
Dam Neck, at the U.S. ~aval Anti-Air Warfare Training Center. Profile 
lines 9 and 10 are in Sandbridge, a residential area which has a 
significantly higher population during the summer months. Back Bay 
National Wildlife Refuge is the location of Profile lines 11 to 15. 
The southernmost profile lines 16, 17, and 18 are located in False 
Cape State Park. 

In a broad sense the study area cons~sts of two basic beach 
morphologic types: wide beaches which may be yery active, either 
accreting or eroding from 1 month to the next; and fairly 
narro~ beaches with little overall accretion or erosion. TI1e 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, although there ar~ 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 Engineers, 
1971b). Names mentioned in Table 2 can be found in Figures 1 and 
2. ~e information is reorganized in the table by reaches and 
subjects; these reaches are related to population zonation of the 
coast and not to geological aspects. 

2. Geomorphology. 

The physiography and geology, both immediately underlying the 
study area and at the surface to the west, are directly related to 
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Reach 

1\i lloughby Spit 
to Cape He:1ry 

Cape r.enry to 
!9t~ Street 

Vn!S-CERC 
_profile lines 

:'Iiane 

Table 2. Description of study area. 

Physical 
charact:e:-isLics 

Cha::-acte:d:ed by an 
irregula::- cane line 
1.-i-th a bea6 ;.-idth 
\-arying fro:;: lCO to 
125 feet at an aver­
age elevation of 
about 5 feet r.:ean 
sea level ;~ISL) . 
ne dune elevation 
is general~y abo>Jt 
12 feet ~L. 

Characterized by an 
irregular d:;:~e 1 ine. 

Shore 
o~·nershio 

Enco!:lpasses tft"o 
military reserva­
tions--Little Creek 
~~phibio>Js Base and 
Fort Story, the 
Seashore State 
Park, and the com­
~ercial beac~ of 
Ocean Vieft". Of the 
s~oreline co~posir.g 
Ocean \"ie;;, 4 ::i!iles 
are Oft":::e:i pri\"ate:y 
and 5 miles publicly. 

~,e 2.7-~ile segreent 
~e~;;een 49t~ Street 
and 89t~ Street, 
imo~-:1 as :'liort~ 

~irginia Bea~h, is 
centered about 3 
niles sc~th of Ca~e 
!ienry a:td is pu~licly 
Oft~ed. Fort Story 
extends along the 
Atlantic Ocean for 
a~o>Jt i.i miles from 
89th Street to a 
point opposite Cape 
Henry Lighthouse 
ft"hic~ is the south 
point of Chesa?eake 
Bay. 

Shore use 
and development 

Used extensively for 
p~blic and private 
::-ecreatio~. Severa: 
~iles of nonrecrea­
tional s~oreli:1e are 
devoted to the Little 
Creek An~hibious 
Base. S~gmer.ts of 
this reach near the 
;;estern tip ~ave, of 
necessity, bee:t 
sta!Jilized ft"ith 
ti::lber groins. 

The stretch of shore 
r.orth of Rudee Inlet 
to Fe~~ Story is 
p~blicly used for 
recreati~r.al p~r­

poses. In 1970, 
t~e ar.~ual visita­
tion at the \"irgir.ia 
Beac~ corr~ercial 

areas ft"as 4,320,000 
persons. Develop­
rr.ent is residential 
and com.";;ercial. 

Shore history 

i~est of Cape Henry to Little Creek, the 
shoreline has shaft"~ alternate ~eriods of 
erosion and accretio:1 ft"ith the. overall 
trer.d being o:1e of gradual accretion. 
Bet~·een 1891 and 1916 the 4. 8-rnile section 
of s~oreline betft"een Lynnhaven Inlet and 
Little Creek eroded at an average rate of 
12 feet per year. Since then, the overall 
trend ~as been o:te of gradual accretion. 
Based on coC?lete shoreline surveys of the 
4.9-~i!e reach bet;;een the lighthouse and 
Lynnhaven blet, r.:ade in 1962, and the 
4.6 h-iles of beach ~et;;een L)~nhaven Inlet 
and Little Creek, made in 1946, the average 
a,nua~ rate of accretion ft"aS 1.98 cubic 
feet, "·hich is ec;uivaler:t to slightly more 
tha:1 iOO,OOO cu!Jic yards per year. Tne 
l!-3ile seg~ent of shoreline from Little 
Creek !nlet to Killoughby Spit has been 
relati\"ely static to cha:tge in recent 
years. Erosion has rer.:o\'ed naterial from 
this reach d~ring stor~ periods, but natural 
::-eturn ~as ~s~ally occurred. Transport ft"est 
of Ca?e ~enry to Willoughby Spit is ft"esterly. 
Rates in this zone are noderate to small. ~o 

inforwation on transport ft"est of nilloughby 
is a\·ailable. 

~~terial placed to rebuild the Atlantic Oce~, 
shorelir.e at Sandbridge, Virginia Beach 
proper, a.;d :-.;orth Virginia oeac!l after the 
6-8 ~!arch 1962 s~o::-::. has ::cnti:1ued to erode 
at rates cv~parable to those experienced 
~istorically. Except for a few segments of 
:each accreting, there r.as been a general 
recessio:t of the entire shoreline. Based on 
t~e latest com?lete survey of 1968 for the 
segne~t fror.: t~e State line to the Cape Henry 
Lig~tr.ouse, the 27.0 ciles of beach front 
alo:tg the A~!antic Ocea:t was undergoing an 
a\"erage ann:.:a: rate of erosion of 0.72 cubic 
foot, ~hich is equivale~t ~o approximately 
100,0::!0 cu!Jic yards per year. 



N 
0 

Reach 

49th Street 
Rudee Inlet 

\'I~IS-CERC 

profile lines 

to 3 

4 

Table 2. Description of study area.--continued 

Physical Shore Shore use 
characteristics o~o.nership and developr.:ent Shore history 

From Rudee Inlet to The 3.3 miles of The segment of shore See Cape Henry to 49th Street S!:tore History. 
Cape Henry, a dis- beach between 49th north of Rudee 
tance of 7 :ailes, is Street and Rudee Inlet to Fort Story 
a flat, unstable Inlet is publicly is publicly used for 
sanc!y beach, 100 to o~o.ned and consti- recreational pur-
200 feet wide and tutes the most 

I 
poses. T""o piers 

averaging 5 feet significant ocean and a board""alk have 
~ISL in elevation. front area of been constructed for 
The 3.3 miles of Virginia Beach, in public use. In 1970, 

I shoreline between terms of mass t!':e annual visitation 
49th Street and recreational use at the Virginia 
Rudee Inlet is and commercial Beach commercial 
devoid of dunes. develop!Dent. areas was 4,320,000 

persons. Development 
is residential and 
cor..T.ercial. This 
seg!l:ent of beach is 
visited annually by 
more tourists than 
any comr.~ercial beach 

I 
in Virginia. 



Reach 

Rudee Inlet to 
Dan ~eck/Sandbridge 
Boundary 

Darr. Xeck/Sandbridge 
Bouncary to ~orth 
Carolina line 

\-"!~15-CERC 

;Jrofi 1 e lines 

5 

6 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Table 2. Description of study area.--continued 

Physical 
chara::~eristics 

The beach ~arro~s 
and is se;::arated 
from ~he "-ainland ~y 
lo~ dt:nes. Beach 
grasses ~ave been 
planted along 
sectior:s of this 
segrr.ent ir: an 
atte~?t to sta~ilize 
t~e sands. 

~.:arro;.- :.::tde\·e loped 
barrier str:o of 
land ;.-it~ a ~andy 
beac;; facing t!le 
A~lan~ic C:::ea:1 on 
one side ar:d 
several :ays on 
the other extends 
a dista:tce of 9 
ci 1 es be:'ore 
approac~~:-:g the 
rapidly cie\·elop-
ing cor.c:er:::ia! 
area of Sandbridge 
Beach. !~is rela­
tively ;.;::disturbed 
seg::~ent \·aries in 
~idth frou. 0.25 to 
1.5 ::;iles and is 
freque::t ly !:!reached 
by both sound and 
ocean ;.-a:ers during 
storm periods. 
Access to t~is area 
is li::~ited to 
vehicles capable of 
traveli:-:g on sand 
sir.ce nc ?aved roads 
exist. 

! 
Shore 

o"nership 

Largely occupied by 
the Fleet Coobat Di­
rection Systems 
Training Center At­
lantic at Dam Seck. 
A segment of publicly 
o"~ed beach does, how­
ever, exist immediate­
ly south of Rudee Inlet 

The 12 miles of beach 
is divided among 
Federal, public, and 
private interests. 
Sandbridge Beach, a 
se~ent of 3 miles, 
is publicly o"nec. 

Shore use 
a:1d developi:lent 

De\·elopment is 
priffiarily military. 

T~e shoreline sot::h 

Shore history 

See Ca?e Henry to 49th Street Shore History. 

O~servations :n=icate that south of False 
Cape, an area approxi~ately 25 miles south 
of Cape He:1ry, :he tra:1sport is southerly. 
~orth of ~alse Cape, the transport has a 

of Sandbridge is 
generally undevelo;::ed 
a:1d ?ublicly used ~or 
recreation. T!le 3ack 
Bay Xational Kildli:'e 
Refuge a:td t~e Little 
Is land ~tunicipal Park 
are located in this 
seg~er.t. Sandbridge 
Beach is privately 

1 
;;e~ ncrt:;erly co:;;pon~nt. . The rate and 
\'O!u;:e of transport 1n th1s zone are 
relatively large. 

used for recreational 
p~,;rposes and developed i 
for suG".-:ler residence. I 
5:..;;:-.::;er residential 

1 
develop::~e:tt south of 
Sand!:lridge is expected 
to contint:e. Some I 
addi~ional ceveloprnent 
as parks and censer- · 
vation areas is likely. 

(from U.S. Army, Corps of Engineers, 197lb) 



the six or more Pliocene(?) and Pleistocene cycles of emergence and 
submergence, with maximum submergent sea levels near +45 feet (14 meters) 
(Oaks and Coch, 1973). The Sandbridge 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 
plain geology are discussed by Sanford (1912), Wentworth (1930), 
Cederstrom (1941), Richards (1950), and the early literature is sum­
marized by Ruhle (1965). Harrison, et al. (1965) presents evidence for 
a late Pleistocene uplift in the area. Pleistocene sea level changes 
are discussed by Milliman and Emery (1968) and Oaks and Coch (1963). 
Holocene geomorphology and stratigraphy at the Chesapeake Bay entrance 
are detailed by Meisburger (1972) and ~elson (1972), who discussed the 
relationships between the ancestral 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 Holocene sedimentation (estimated at 1.37 X 10~ cubic meters) and 
bears little relation to the buried Pleistocene topography. 

The Holocene evolution of a part of the Hatteras barrier island 
chain has been discussed by Pierce and Colquhoun (1970a, 1970b). 
Based on subsurface core information from Duck to Cape Lookout, 
North Carolina, they suggest that this present barrier complex has 
evolved from a combination of primary barrier landward retreat and the 
development of secondary barriers by spit elongation. White (1966) 
has suggested that these capes formed initially from Pleistocene river 
deltas. 

A definitive wave climate study summar1z1ng the shelf geomorphology 
of the Chesapeake Bight part of the Virginian Sea (i.e., Cape Henry to 
Cape Hatteras) and the complex relationships between the shelf geomorpho­
logy and the ocean surface wave climate over the shelf and along the 
shoreline, is presented in Goldsmith, Farrell, and Goldsmith (1974a). 

This latter study clearly showed the important influence of the 
Virginia Beach Massif (Figs. 3 and 4) on the wave climate of the 
southeast Virginia coastal compartment. The Virginia Beach Massif is 
an extensive, shallow, relatively level-topped topographic high, between 
the depth contours of 18.3 and 21.9 meters and occurs between the relic 
Susquehanna Valley and the Virginia Beach Valley. (The term "massif" 
was applied to this feature by Swif~ et al., (1972)because the original 
subaerial mountain massifs in France are also flanked by river valleys.) 
This imposing large-scale relic feature, of hypothesized interfluve 
origin, contains a superimposed irregular ridge and swale bathymetry, 
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 ridges, is 
suggestive of a series of relic ebb tidal deltas formed as the sea level 
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Figure 3. Bathymetry of the Virginian Sea. 

23 



36" 
50' 

Contoured in feet ot 
6ft intervals 

1-ft 0.305 m 

PROFILE 
Ll NES 

Figure 4. 

"'. 

Bathymetry of southeast Virginia shelf. 

24 



rose and the estuary mouth retreated, as hypothesized by Swift, et al. 
(1972). 

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

"An example of the effects of these offshore shoal areas on near­
shore circulation patterns can be seen in the vicinity of Virginia 
Beach, Virginia, which is greatly affected by the adjacent, extensive 
Virginia Beach Massif. Here, the waves with periods of 10 seconds or 
shorter from the north-northeast, northeast, and east-northeast are, 
for the most part, refracted away from the resort area by the Virginia 
Beach Massif to the Chesapeake Bay entrance and the Back Bay-False Cape 
area. In a similar manner, waves from the east-southeast, southeast, 
and south-southeast are concentrated in the Virginia Beach and adjacent 
offshore area. These phenomena result in the dominant northward long­
shore transport observed in the Virginia Beach area; this might be 
because greater wave energy reaches the area from the southern quad­
rants than from the north, resulting in a net nearshore sediment 
transport to the north. Harrison, et al., 1964 suggested that the 
observed northward sediment transport in the Virginia Beach area was 
due to a large nontidal eddy related to the circulation originating 
at the mouth of the Chesapeake Bay. It should therefore be noted that 
both effects may be occurring and that neither the wave or current­
induced circulation patterns are mutually exclusive.'' 

The most significant nearshore features along the middle Atlantic 
Bight are the nearshore, shoreline-attached, linear ridge systems, 
shown in Goldsmith. Sutton, 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 shoreline in False Cape State Park. 
McHone (1972) pointed out the orocess interaction between the beach 
and the nearshore norphology via the development and removal of 
"saddlesn across the False Cape ridge s_ystem. Unpublished profile data 
collected separately by Swift, Shideler, McHone, and Goldsmith indicate 
that the False Cape ridge system has an important influence on the 
behavior of the adjacent beaches. Further discussions on the nearshore 
geomorphology are in Goldsmith, et al. (1974b) and Goldsmith (1975c). 

3. Sediments. 

Beach sedimentological studies of the Outer Banks have been made 
by Swift, et al. (1971), Swift, Dill and McHone (1971), Shideler (1973a, 
1973b, 1973c, 1974), and Sabet (1973). These studies, which show that 
the interpretation of coastal processes from grain size and mineralo­
gical data in this area is a very complex problem, are summarized in 
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Figure 5. In general, the sand composing the beach and dunes south of 
Rudee Inlet is relatively uniform with mean (phi) ~ 1.0 to 2.0 (0.5 to 
0.25 millimeter); standard deviation~ 0.8 (0.6 millimeter) along the 
berm and 0.5 (0.7 millimeter) in the dunes (Shideler, 1973b). The 
major exception is the addition of a coarse red (2 to 1.0 phi), iron­
stained quartz and feldspar 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 
vicinity of Rudee Inlet, 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 profile changes, and that such a 
reversal is generally present in the "zone of shoaling \\Taves" part 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 
size. 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 Swift, et al. (1971), who indicate very complex relationships. 

4. Beach Usage and Impact. 

The study area encompasses four categories as defined by beach 
usage: Natural, military, commercial, and residential. Profile lines 
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 landing maneuvers 
on the beach itself. In addition, a road grader was used at times to 
keep the beach, from the base of the dune seaward, as flat 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, 
although 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 classified as commercial, 
Virginia Beach profile lines 2 and 5 and Sandbridge profile lines 9 and 10 
may be classified as residential. Both beach areas are closed to vehic­
ular traffic, and the residential areas experience a moderate amount of 
usage from sunbathers, surfers, and fishermen, and the storage of light 
catamaran sailboats at the base of the dunes, especially during the 
summer months. Immediately behind the beach in the commercial area of 
Virginia Beach (profile lines 3 and 4) is a concrete boardwalk which 
contains a vertical bulkhead, protecting the city's multistory hotels, 
condominiums, and restaurants from the ocean waves. Although the beach 
is only used by sun-\vors1-;.i;:rpers during the sum!Iler months, the effects 
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 natural 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. 

B4ck Bay profiles lines 11 to 15 and False Cape lines 16, 17, and 18 
are designated as.natural areas. Back Bay National Wildlife Refuge has 
received publicity for a number of years concerning beach access to 
vehicular traffic, and possible effects this traffic might have on the 
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 pending court appeals, 
a revision in Federal 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 live in Virginia and want 
to use Back Bay for travel purposes instead of making the 3-hour trip 
(161 kilometers) through Kitty Hawk, ~orth Carolina. 

False Cape State Park is open to vehicular traffic, but because 
of limited 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 presently limited to four-wheel drive vehicles passing 
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along the beach and back dune areas and is subject to the limitations 
discussed previously·. A study of various proposed access routes by 
Zeigler and Marcellus (1972) concluded that all proposed hard-surfaced 
automobile routes would ultimately cause permanent damage to the area 
and that the only acceptable access to False Cape State Park would be: 
(a) A monorail or rapid transit system, or (b) a ferry crossing from 
Knotts Island, North Carolina, across Back Bay to the bay side of 
Currituck Spit at False Cape Landing. State-sponsored studies of this 
problem are continuing (Division of Parks, 1975) and decisions are 
expected in the next 2 years. 

During each survey, a bird census was taken of both numbers of spe­
cies and numbers of individuals. It was observed that where human 
population was densest and beach usage was most intensified, the bird 
population was lower, and conversely, bird populations were highest in 
natural, restricted areas of Back Bay National Wildlife Refuge and False 
Cape State Park \vhere human activity \vas minimal (Fig. 6 and App. E) . 

The same \<las true for ghost crabs (Smith, 1972). ~~one \\'as 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 
numbers after vehicular access was severely curtailed in 1973 (F. Smith, 
Wildlife Biologist, Back Bay ~ational lVildlife Refuge, personal com­
munication, 1974). Fe\i ghost crabs \vere observed north of Sandbridge. 

I I I . ~tETHODS 

1. Beach Surveys. 

T.1e 18 profile lines were surveyed once each month for 27 
months and after eight storms or periods of high waves (some storms 
did not bring high waves to Virginia Beach, as discussed in Sec. V, 
2). Vertical distances were measured with a Dietzgen automatic 
level and a. telescoping fiberglass leveling rod graduated to 0.01 
foot (0.003 meter). Horizontal distances were measured with a 
fiberglass-polyester woven tape graduated to 0.05 foot (0.015 
meter). 

Each profile line \vas measured from the top of the most sea\-vard 
of three pipes (pipe 1) taking vertical and horizontal readings at 
all significant breaks in slope, to as far seaward of mean sea level 
as possible under the existing \vave climate. Scarps, berms, last 
high tide lines, and the waterline (or swash zones) were points also 
measured and specifically noted on the specially designed VIMS Beach 
Survey form (App. F) along with other pertinent data gathered at the 
survey locations. The advantage of this form is that it 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) galvanized iron pipes, 4 to. 5 
feet (1.2 to 1.5 meters) long, were driven approximately 3 to 4 feet 
(0.9 to 1.2 meters) into the dune area at each of the 18 survey loca­
tions, except profile line 3 at Virginia Beach where the east face of 
the concrete seawall was used in place of a pipe. 

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 profile lines. Pipe 2 was usually 
placed on the adjacent dune ridge landward to pipe 1. This pipe was 
surveyed into various local landmarks (i.e., houses, power poles, and 
other stakes) by magnetic bearing and distance at the beginning of 
the study. Pipe 3 was placed near the edge of heavy dune vegetation, 
or other area well back from the traveled section of dunes and beach, 
and concealed from public view. The three pipes formed a straight 
line oriented perpendicular, or nearly so, to the existing shoreline. 

All three pipes at ea~h profile location were surveyed to third­
order accuracy by Freeman and Johnson, Engineers and Surveyors, of 
Virginia Beach, Virginia, in April 1976 (App. G). All elevations are 
measured from the top of each pipe to ~~~tSL. The elevations for the most 
seaward pipes range from 7.45 to 22.24 feet (2.27 to 6.78 meters) 
above HSL. 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 extreme low tides. 

3. Wave Observers. 

As part of this study, volunteers 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 height, 
the wave angle at the breaker, and the breaker type were recorded 
on a wave observation report form made specifically for this study. 
Wave·period was measured using a stopwatch, from which the observer 
read the time elapsed during the passage of 11 wave crests past a 
fixed point. Breaker types were categorized as either spilling, 
plunging, surging, spilling-plunging, 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 nearest degree with a protractor furnished on the 
back of the observation form. 

31 



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, housewives, 
and schoolteachers were among those who volunteered to become wave 
observers. 

Observations were made over a period of 29 months between July 1974 
and November 1976. A complete outline of wave observer history is in 
Appendix H; seasonal averages of wave observations for each site are 
in Section VI. 

Visual wave observations at the 18 profile lines were also made by 
the authors on most of their monthly and poststorm surveying trips. 
The resulting data were punched on cards and mean wave heights, periods, 
and standard deviations were plotted at VI~tS. These data are also 
discusserl in Section VI. 

4. Data Processing. 

Raw survey data (distance and height) were taken in the field on 
specially designed computer keypunch forms (App. F-1). The data \vere 
punched directly from these forms onto cards at VIMS and processed 
in a computer program that generated data which was then transcribed 
onto CERC Form ~o. 121-72. Another set of VI~S punched cards 
\vas run in a second program called COMPARE. The COMPARE program 
literally compared each survey \vi th the survey measured at the same 
location from the previous month, and gave the beach change (either 
erosional or accretional) as the cumulative volume (cubic meters of 
sand/linear meter of beach) (Colonel! and Goldsmith, 1972; Goldsmith, 
Colonel!, and Turbide, 1972). 

CERC similarly processed the beach volume changes from their 
forms, and the computational results were similar. However, CERC's 
computations are presented and used throughout this report (App. B) 
to promote uniformity with other CERC studies. The VIMS area com­
putations are used in the long-term trend analyses (App. C) because 
of uniformity \"i th the VIMS profile data bank. 

For both the CERC and VIMS computations, erosion was defined as 
a negative net volume change, and accretion as a positive net volume 
change, for the area surveyed along the profile line. The profile 
line extended from the MSL datum determined by the surveyors, land­
ward 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 algebraic sum of erosion in one part of the 
profile line and accretion on another part, as it often does. Only 
in three poststorm, high surf, and high surge conditions (1 Julv 1975 
25 November 1975, and 10 April 1976) did a few of the surveys not ' 
extended seaward all the way to the MSL datum, although they were 
quite close. However, because of the location on the profile line 
and the extent of the beach volume changes, discussed in detail in 
Section V, these slightly shortened surveys did not influence the 
volume computations to any great degree, nor the c0mparison of changes 
between profile lines, nor the conclusions. 

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

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 11, which had been 
surveyed by Goldsmith in 1972 to 1974, had been removed, so only 
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, Colonell, 
and Turbide,1972), the computer program was modified to calculate 
beach volume changes using the original survey data. Only the last 
survey at each profile line was recalculated into the CERC format 
to compare directly with the first VIMS-CERC survey. These data 
were on the original punchcards generated by the previous investigators. 
Since the survey techniques employed were the Schwartz one-man beach 
profile technique and the Emery method, the accuracy of these older 
data may be below CERC's standards. Also, since all the surveys did 
not reach the same HLW datum as the later surveys, volume calculations 
of the older data and comparisons between the newest 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 interesting that the same erosion and accretion 
trends exhibited in the newer vn-tS-CERC survey computations are also 
exhibited 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 
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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 below. 

To test for statistically significant erosion or accretion trends 
at each beach profile line, a linear regression line \ias calculated for 
cumulative beach volume 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., significantly different 
from chance within the 27 months of survey measurements). This was 
tested at various levels of statistical significance (e.g., 1, 5, 10, 
and 50 percent) and the null hypothesis was accordingly rejected at 
the appropriate significant level, and the erosion-accretion trend 
was considered to be statistically significant at that level. It is 
interesting to note that all eight profile lines exhibiting trends 
considered statistically significant (at 1 percent level) showed a 
large statistical difference from the other profile lines (i.e., 
there \vas a major break in the groupings of the significance levels) . 

7. Ground Photography. 

~umerous 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 included along with other interesting features such 
as scarps, vegetation, surf conditions, and usage. These slides are 
stored in the Coastal Engineering Information Analysis Center at 
CERC. 

Photographs of various beach conditions at each of the 18 profile 
lines are in Appendix A. 

8. Aerial Inspection. 

Aerial flights were made over the study area at altitudes between 
130 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 plumes in the surf zone, and near­
shore bars can be readily seen in slides taken from low-altitude 
aircraft. 
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This information is helpful in supplementing the survey measure­
ments to give a third-dimensional view of beach changes and processes 
in the study area. A 1.2-meter by 2.4-meter sheet of plywood, painted 
international orange, was placed near pipe 3 at each of the five Back 
Bay National Wildlife Refuge Profile lines (11 to 15). This helped 
in locating the profile line from the air. The targets were oriented 
to 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 sites from the air and in the photos. 

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

9. Currituck Reconnaissance. 

Beginning with the third quarter of the study, a quarterly ground 
reconnaissance trip to Currituck County, ~orth Carolina, was con­
ducted. Beach sampling stations were established every 6.4 kilometers 
from the Virginia-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. 

At 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 ~as measured in tenths of a degree with a 
Brunton Pocket Transit. Sand grain size was measured in quarter­
phi units (using a pocket-size, "phi-size finder'') and the beach­
face surface grains were recorded as to the extent of size sorting. 
The Vn'lS form used during the reconnaissance is in Appendix F -2. 

IV. REVIEW OF LITTORAL PROCESSES 

In this section, information and previous \\'ork on the various 
processes that affect beaches in the study area are revie\·!ed and 
summarized. These include tidal range, wave climate, winds, storms 
and related surges, nearshore circulation eolian activity, and most 
importantly for this area, the role of man. 

1. Tidal Range. 

The neap and spring tides recorded at the Hampton Roads tide gage 
within Chesapeake Bay entrance, and the predicted tides for Virginia 
Beach and False Cape, \~hich straddle the study area, are shm'lin in 
Table 3. 
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Table 3. Study area tidal ranges. 1 

Kilometers Range Ylean tide 
south o~ Mean Spring level 

Location Coordinates Chesapeake Bay (ft) (m) (ft) (m) (ft) ! (m) 

Cape Henry, 36° 56 ... N. 0 2.8 0.9 3.4 1.0 1.4 0.4 
Virginia 76° 00 ... W. 

Virginia Beach, 36° 51 ... N. 8 3.4 1.0 4.1 

I 
1.2 1.7 0.5 

Virginia 75° 58 ... W. 

False Cape, 36° 36 ... N. 32 3.6 1.1 4.3 I 1.3 1.8 0.5 
Virginia 75° 53 ... W. I 

I 
Currituck Beach 36° 23 ... N. 53 3.6 1.1 4.3 1.3 1.8 0.5 
Lighthouse, 75° so ... w. 
North Carolina 

1Datum is mean low water. (National Oceanic and Atmospheric Adninistration, 1976) 



In this study area, the tidal ranges at four local tidal reference 
stations (Cape Henry, Virginia Beach, False Cape. and Currituck Beach 
Lighthouse) vary from 2.5 to 3.6 feet (0.8 to 1.1 meters) for mean 
tidal range and 3.0 to 4.3 feet (0.9 to 1.3 meters) for spring tidal 
range. Hampton Roads, Virginia, \"i thin Chesapeake Bay, is the nearest 
National Ocean Survey (~OS) 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. 

~ean and spring ranges, and mean tide levels tend to increase 
as the distance from the influence of the Chesapeake Bay increases 
(Table 3). 

It is important to note that with this relatively low range, the 
wind can have an important effect on the water level. It was observed 
that with either strong onshore or strong offshore winds, the re­
sulting beach tide level remained either high or low. respectively, 
throughout the 12-hour tidal cycle. 

2. Wave Climate. 

Wave climate data in this area have been summarized, synthesized, 
and contrasted from six data sources by Gutman (1976). These sources 
include ~arsden square ship wave observations for ~arsden 1° subsquare 
65 of Marsden square 116 (1948 to 1973) and Chesapeake light observa­
tions on the shelf, Virginia Beach gage (1964-1969), Cooperative Surf 
Observations Programs (COSOP), and VI\tS-CERC wave observers at the 
shoreline, and Sverdrup-~·tunk-Bretschneider (S;\1B) hindcast data for 
1948-1950 by Saville (1954). 

Percent frequency occurrence of significant \\ave heights for all 
these sources, and monthly averages of significant wave heights and 
periods for the Virginia Beach gage (located at Profile line 3) are 
shown in Figures 7, 8, and 9. Ship wave observations by direction 
and height are shown in Figure 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). 

(b) the highest average significant waves occur in October, 
February, Septe~ber, January, ~arch, and April (in order of 
decreasing heights), and range between 0.9 and 0.6 
meter. The lowest heights occur ~1ay to August. 
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(c) the longest average significant wave periods occur in 
October, August, July, December, and September (in order 
of decreasing periods) and range between 9.2 and 8.5 
seconds. 

(d) a large standard deviation occurs and there are very small 
monthly differences in both heights and periods. 

The effects of the shelf geomorphology on wave refrattion, and 
resulting shoreline wave energy distribution, are discussed in Section 
II, 2. 

3. Winds. 

\Vind data from the Norfolk International Airport, approximately 
16 kilometers west of Cape Henry are summarized in Figure 11. North­
east and southwest winds occur only slightly more frequently than 
the other directions. However, the high velocity winds (especially 
greater than or equal to 11 meters per second) are much more frequent 
from the northeast. The lack of importance of higher velocity north­
west winds in the Norfolk data supplied by the ~ational Climatic 
Center (Asheville, ~orth Carolina) is not consistent with data 
recorded at other weather stations around Chesapeake Bay (Rosen, 1976), 
with Hatteras wind data (Gutman, 1977), or with data recorded by Gutman 
(1977) and Gutman, Hennigar, and Goldsmith (1977) described below. 

Additional wind data between January and October 1976 are sum­
marized in Figure 12 from an anemometer installed on top of 
Currituck Beach Lighthouse (Gutman, 1977) (Fig. 1). The instrument 
used was a Bendix-Frieze Recording Anemometer located 168 feet 
(51 meters) above MSL. It operated continuously. Data were reduced 
at VIMS according to standard \ational Weather Service format where 
average readings are taken every 3 hours (eight readings per day). 

Note the importance of both the daily and high velocity winds 
from the north, northwest,and southwest relative to the less frequent 
northeast winds. A maximum wind of 100 miles per hour (44.7 meters 
per second) was recorded on 9 October 1976, due to a tornado which 
actually touched down in Corolla~ 

4. Storms and Storm Tides. 

Extratropical storms (1956 to 1969) , tropical storms (1964 to 
1969), and the time of operation of the Virginia Beach gage (1964 to 
1969) were summarized by Gutman (1976) from information provided by 
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W.S. Richardson, Techniques Development Laboratory, National Weather 
Service (personal communication, 1976). This list includes all 
"storms" defined as having a recorded tide gage surge greater than 
0.6 meter (Table 4) but only for the months of ~ovember through 
~arch (i.e., storms occurring in the other months were not tabulated 
by Pore, Richardson, and Perrotti, 1974). This average of extratropical 
storms of three per year agrees well with other longer term averages 
for the Hampton Roads area (Pore, Richardson, and Perrotti, 1974, 
Fig. 4). Beach observations in this study indicate that the major 
factor concerning the occurrence of erosion is the height of the 
storm surge, which allows even moderate-size waves to erode parts 
of the beach (Warnke, et al., 1966). 

Tnere are, of course, problems in relating storm surges measured 
at Ha~pton Roads, within the southwest part of Chesapeake Bay, to 
storm-induced erosion occurrences on the ocean shoreline \.:hich lacks 
sufficient tide gage records. However, Richardson's data show that 
at the time of most measured surge occurrences, the peak winds were 
blowing 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 
directions as representative of surge conditions. The surge height 
\vas the maximum hourly observed value, with most surges lasting at 
least several hours. (W. S. Richardson, personal communication, 1977). 

These surges are generated by hurricanes (Harris, 1963) and 
extratropical storms (Pore, 1964). The surges associated with 
hurricanes are generally higher than those surges associated with 
extratropical storms. However, the duration of the hurricane surge 
is generally shorter than the duration of the extratropical surge. 
The long duration of the extratropical surge almost guarantees 
that it will last through one high tide, while the shorter lived 
hurricane surge may completely miss a high tide (e.g., Hurricane 
Belle in August 1976). 

The time of occurrence of the storm surge with respect to the 
normal high tide is of great importance because it can mean the 
difference bet\veen serious and minor flooding. The !\orfolk 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 Engineers, 1970). Unfortunately, as previously in­
dicated, these data are from inside the bay, which may be quite 
different from the ocean shoreline study area which lacks a tidal 
gage. 
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Table 4. Occurrence of storms in Virginia Beach area for the months of November to Marchi. 
(from W.S. Richardson, U.S. Weather Service, personal communication, 1976) 

Extratropical (1956 to 1969) 

Wind 

Storm Date Surge Speed I Direction 
(m) (kn) 

11 Jan. 1956 1.04 33 ! J~;E. 

11 Apr. 1956 1.3 62 :-l. 
3 !\ov. 1956 0.61 29 NE. 

28 Feb. 1957 0. 73 33 NE. 
8 !'>far. 1957 0.67 27 ~E. 

1 :'\ov. 1957 0.82 28 :\E. 
25 Jan. 1958 0.70 44 E. 

1 Feb. 1958 0.67 30 W. 
19 ~far. 1958 0.67 21 ~E. 

27 ~far. 1958 0.79 20 N. 
11 Dec. 1958 0.64 27 NE. 
29 Dec. 1958 0.70 38 E. 
12 Apr. 1959 0.76 45 NE. 
19 Dec. 1959 0.64 29 !1;. 

31 Jan. 1960 0.91 42 1\E. 
13 Feb. 1960 0. 70 49 NE. 

3 ~far. 1960 0.88 52 E. 
12 Dec. 1960 0.61 40 w. 
16 Jan. 1961 0.61 13 W. 

8 Feb. 1961 0. 73 27 NE. 
22 ~far. 1961 0.67 33 E. 
28 Nov. 1961 0.61 23 NW. 
28 Jan. 1962 0.67 37 I"E. 

7 ~far. 1962 1. 70 41 NE. 
22 ~far. 1962 0.73 20 N. 

3 Nov. 1962 0.76 33 N. 
26 ~ov. 1962 1.02 41 N. 

8 Feb. 1963 0.70 30 ~E. 

6 ll;ov. 1963 0.73 38 E. 
4 Jan. 1964 2 0.6 28 w. 

12 Jan. 196<! 2 0.8 42 E. 
12 Fe!J. 19642 0.6 32 E. 
16 Jan. 19652 1.2 35 :\E. 
22 Jan. 1965 0.9 36 E. 
29 Jan. 1966 2 1.1 3~ E. 
24 Dec. 19662 0.7 31 ~E. 

7 Feb. 19672 0.8 33 ~E. 

12 Dec. 19672 0.6 30 E. 
29 Dec. 19672 0.6 31 \\'. 

14 Jan. 19682 0.7 33 E. 
B Feb. 19682 0.8 30 NE. 

10 :'\ov. 19682 1.3 34 ~-
12 ~ov. 19682 0.8 47 NE. 

2 ~far. 19692 1.8 40 ~-
2 ~ov. 19692 0.8 36 ~E. 

Tropical (1964 to 1968) 

Cleo 1 Sept. 19642 0.3 J2 ESE. 
nora 13 Sept. 19642 1.1 61 !\E. 
Gladys 23 Sept. 19642 0.7 44 ~-
Isabell 16 Oct. 19642 0.8 50 ~E. 

Alma 13 June 19662 0.3 40 s. 
Doria 16 Sept. 19672 1.2 55 N. 
Gladys 20 Oct. 19682 0.4 46 NE. 

1Defined as having a surge ~2 feet (0.6 meter) at Hampton Roads tide gage. 
2Virginia Beach gage operating (?). 
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5. ~earshore Circulation and Longshore Transport. 

On the basis of field studies, Harrison and Wagner (1964) proposed 
that a nontidal drift eddy, with clockwise motion, exists between Cape 
Henry and Rudee Inlet. 

An investigation of the rate of longshore transport between Cape 
Henry and the Virginia-North Carolina line by an analysis of \-vave 
energy (as computed from Saville's (1954) hindcast data) was made by 
Weinman (1971). He determined a net annual transport to the north 
of 9.8 X 10 5 cubic yards per year (7.4 X 10 5 cubic meters per year). 
Although this total is probably too high, the detailed results 
qualitatively agree with other studies, and emphasize the importance 
of southeast waves in this area (Goldsmith, et al., 1974b), as dis­
cussed earlier. 

Longshore transport rates were also calculated from tracer anal­
yses at Rudee Inlet by Bunch (1969). An approximate mean northerly 
transport of 70,000 cubic yards per year (53,000 cubic meters per 
year) was calculated from five tests conducted between 8 November 1968 
and 20 ~1arch 1969, during times of moderate wave heights. 

An additional indication of the amount of northerly transport is 
available from dredging data for Thimble Shoal Channel (U.S. Army 
Engineer District, ~orfolk, 1971). Approximately 1 X 106 

cubic yards (0.76 X 105 cubic meters) of material is removed every 
2 to 3 years from just the main channel, located within 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 nodal transport zone; i.e., the zone 
\ihere the ''net" longshore transport is zero. ~1ore 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 t_ransport 
resumes transport to the south is prevalent on most of the U.S. east 
coast? 

6. Eolian Processes. 

In relation to long-term viability and preservation of Currituck 
Spit, the most important processes appear to be eolian. 

There are three basic ty~es of dunes in the study area (except 
for Profile lines 3 qnd 4): (a) Vegetated dunes, (b) meda:ii.os (i.e., a 
transverse sand hill on the seashore), and (c) parabolic dunes. 
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Vegetated 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= 12°) and polymodal dip directions (Goldsmith, 1973; 1975b). 
The vegetated foredunes are highest and most prominent at Profile 
line 2 (6lst Street, Virginia Beach), 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 multiple lines of sand fencing. 

Medanos are large, isolated unvegetated hills of sand, 10 to 25 
meters in elevation, and asymmetric in profile. They migrate do"~­
wind up to tens of meters per year by a process which produces char­
acteristic slipfaces of unconsolidated sand dipping at the angle of 
repose on the leeward side of the dune. About a dozen medanos 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). 
In total, they represent a significant amount of sand (i.e., many 
times the annual longshore transport rate). 

PaPaboZic dunes, defined by their characteristic planimetric 
view, are similar to medafios 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
abolics occur prominently in False Cape State Park, and also in 
Currituck County where their aerial distribution typically grades 
from vegetated parabolics to transverse dunes (i.e., medafios) in 
an upwind direction. Parabolics also show in situ temporal changes 
to other dune types. These dunes are discussed further in Goldsmith, 
et al. (1977) . 

Ongoing studies at VIMS indicate that sand is blm~n from beach to 
dune and back throughout the width of Currituck Spit. The classic 
idea of sand blowing from the beach landward into the dunes may be 
overly simplistic to the point of being incorrect. Further compli­
cating this matter is man, through the active sand fencing program 
since the 1930's, which has built up the foredunes along the area 
south of Sandbridge. These foredunes, which result from natural 
processes around an artificially heightened dune, may result in a 
different type of dune, and unforeseen consequences. Also, as shown 
by Leatherman (1976), eolian transport of sand from overwashes back 
onto t~e foredunes and onto the beach is a very significant process. 
Artificial heightening of the foredunes in this area has cut off the 
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sand supply to the -~nterior, 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!s active sand 
fencing program in the dunes ended in 1974 by order of the Department 
of Interior (D. Hollands, ~anager, Back Bay ~ational Wildlife 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 completely 
encased in sand within 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 replace 
the material lost due to a northerly transport and other erosional 
factors. 

Various means of supplying the sand were: (a) Hauling by truck 
from a distant sand stockpile at Cape Henry where the dredged material 
from Thimble Shoal Channel in Chesapeake Bay entrance has been 
pumped ashore and stored; (b) dredging of Rudee Inlet; (cf· 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. 
~ost of this has been either inlet-bypassed, or truck-hauled from the 
Thimble Shoals 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 required, more or less, continuously. The net northerly transport 
moves some of this sand to the north to Cape Henry and Thimble Shoal 
Channel, where with the aid of man, the sand is recycled back into 
the transport system. 
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Table 5. Gros~ G"an:itles of o:aterial p!a~l.'d on \·1rginla Bea~h. fiscal years 1952 to 1976. 

!::itial Ear~y inlet !~iet P.L. 875 Inlet 
Fiscal :-es:oratio:-~ Tro;ck ~au: drec!ging by?a~s.:.ng 0..1 's Creek c!redging .. ne• source .. Total 
. vear (\·d~; ~\"d 3} (\'d~) ['"c'] (''<!3] (yd3) (yd3) (yd3) 

1952 20,000 20,000 

1953 1,363,000 1,363,000 

1954 60,000 34 .:mo 44,000 138,000 

1955 30,000 17,500 4i ,500 

1956 35,000 35,000 

195i 44,000 80,000 124,000 

195!1 50,000 70,000 120,000 

!959 46,000 93,000 139,000 

1960 .:8,000 84,000 132,000 

1961 62,000 91,000 153,000 

i962 !13,oon! 53,000 101,000 205,000 472,000 

1963 121,000 121,000 

1964 215,000 215,000 

1965 218,0CO 218,000 

19()() li<ooo 1 i4 ,000 

19()7 177,500 177,500 

1S6S :39,000 8,400 14i,400 

1969 100 .soc 100,500 

1970 !04 ,00() l43,!iCC 2~7 ,800 

1971 12~.oco 103,()00 230,600 

1972 43,10C i !4,900 230,500 101,300 489,800 

1973 !2,000 86,300 260,300 358,600 

1974 !2,500 103,300 49.700 167,500 

1975 il2,•00 160,960 :73.430 

1976 95,980 

I 
1.!2,630 2~1.610 

5,900,000 -:-otal 

1Truck haul placed under p. L. 875. (from u.s. Army Engineer District, Norfolk, 1971) 
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V. BEACH CHA~GES 

1. Regional Variations in Beach Volume Changes During VIMS-CERC Study. 

In analyzing 27 months of data from the study area, it became 
evident that certain areas had usually accreted, some had usually 
eroded, and some were either stable or fluctuated too much for any 
discernible trend to be recognized. Appendix I gives the total 
cumulative volume changes with time for each of the 18 profile lines. 
Plots of profile line cumulative volume changes with time (18 VIMS­
CERC profile lines) are in Appendix B. Figure 13 represents graphi­
cally the 27-month total cumulative volume at each profile line, 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 number 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 \vas follm-\ed by 
significant 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 nourishment. However, it 
would seem accurate to assume that the area would be erosional, 
without beach nourishment (see Section VII, 2). Profile line 5, 
updrift of Rudee Inlet, displayed a slight, statistically non­
significant accretional trend. 

In the Dam Neck area,·profile line 6 appears to be erosional; 
while Profile lines 7 and 8 seem to be slightly accretional to 
no trend because of "very active" volume changes. Profile line 8 
follows a fence which separates Dam Neck from Sandbridge and obser­
vations clearly indicate that the sand level·has been rising next 
to the fence above the high tide line, while the beach face has 
remained the same or slightly eroded during the study. 
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Table 6. Qualitative description of 27-rr.onth beach trends. 

Pro tile Effect of Rate of beach change (x) Significant activities 
line Xet trend 25 ~ovem;,er B75 storm Very active Active Less active of r:Jan 

1 

I 
Accretion 

I 
X Grading 

2 - Erosion 1 X 

3 Erosion Erosion X Sourishment 

4 Erosion Accret1on2 X :\ourishment 

5 Accretion Erosion X Inlet jetty 

6 Erosion Erosion X 

7 - I X 

8 -
I 

X Fence 

9 Erosion Erosion X 

10 Accretion Erosion X 

11 Erosion 

I 

Erosion X 

12 - I X 
I 

13 Erosio:1, then accretion I X 

after 10 March 1975 I 
14 Erosion, then accretion Erosion I X 

after 10 March 1975 

15 Erosion, then accretion X 

after 10 March 1975 

16 Accretion X 

17 - X 

18 Accretion 
I 

X 

!storm ~as the major erosional event of study. 

2Storw. ~as the major accretional event of study. 



Table i. Linear reRression lines fitted to the ~each volune trends and statistical si~ificance of the 27-month trends. 
Septe~ber 1974 to ~ovember 1976 

:see Sec~ion III, 6 for explar.at:on and App. B) 

Estimated l 
Profile line coefficient Y Ir.tercept T Statistic Rl Significance2 

1 6.40 -2053.81 7.47 0.67 0.001 

2 0.14 - 88.76 0.26 0.001 0.80 

3 -3.02 914.63 -3.80 0.33 0.001 

4 -0.50 I 233.36 -0.78 0.02 0.50 

5 0.14 - 74.65 0.34 0.001 0.75 

6 -2.94 790.22 -5.39 0.50 0.001 

7 0.73 - 195.27 1.56 0.08 0.20 

8 0.17 - 51.78 ! 0.24 0.001 0.95 

9 -2.16 524.26 -4.48 0.41 

I 
0.001 

10 0.92 - 305.47 2.23 0.16 0.05 I 
11 -2.15 586.32 -3.85 0.36 0.001 

12 2.47 - 241.60 0.37 0.01 0.70 

13 0.84 - 404.56 1.68 0.09 0.75 

14 1. 61 - 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 

18 1.65 - 544.24 3.25 0. 26 0.01 

1+, accretion; - erosion. 
2The lower the number, the higher the significance; e.g., 0.001 indicates that the erosion or 

accretion trend is ~ot due to chance ot the 99.9 percent level. 
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Profile 

13 

23 

33 

43 

53 

8 

10 

12 

13 

14 

15 

16 

17 

18 

Table 8. Linear regression lines fitted to the beach volume trends and statistical 
significance of the long-term trends. (See Sec. III, 6 for explanation 
and App. C.) 

Estimated 
Rl Signi ficance 2 line coefficient Y Intercept 

-0.52 151.59 0.14 0.001 

0.16 - 27.49 

I 

0.03 0.20 

6.74 -2203.28 0.68 0.001 

1.09 - 489.12 0.06 0.10 

4.08 -1399.52 0.88 0.001 

-0.05 - 85.93 0.001 0.90 

0.04 46.60 O.OOi 0.001 

1.26 - 232.90 0.31 0.001 

5.47 -1743.74 0.92 0.001 

1+, accretion; -, erosion. 
2Thc lower the number, the higher the significance; e.g., 0.001 indicates that the 

erosion or accretion trend is not due to chance at the 99.9 percent level. 
3oata docs not meet basic assumptions. 
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In Sandbridge, profile line 
This profile line has proved to 
recovery has usually been slow. 
tional trend, with the exception 
~ovember 1975 storm. 

9 appears to have an erosional trend. 
be vulnerable to storms, and storm 
Profile line 10 has a slight accre­
of the major influence of the 25 

The Back Bay area (profile lines 11 to 15) appears to be in 
an accretional state, except for profile line 11 which appears to 
be erosional due mainly to the effects of the 25 ~ovember 1975 storm. 
Beginning with profile line 14, and moving south, the beaches become 
wider and flatter, and from the survey data, tend to display "net'' 
accretional trends. 

The entire False Cape area (profile lines 16, 17, and 18) appears 
to be accretional (with profile line 17 less accretional). An 
intertidal and subtidal area of stumps believed to be the remnants 
of a cypress forest, is located in the northern section of this 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 general, the stumps were most exposed (since 1972) in 
~ovember 1975, and gradually became covered during the follm,'ing 
year. Although storm effects may be fairly severe, recovery is 
usually very fast, and the long-term trend is accretional. 

In general, the trends readily 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 1, 
14, 16, and 18 have statistically very significant (99.0 
percent) accretional trends. 

(b) Erosional profile lines are, in general, in the center of 
the study area. Profile lines 3, 6, 9, and 11 have sta­
tistically very significant (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 
(Table 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 natural trends by man's activities (e.g.,_ 
profile lines 1, 3, 4, 5, and 8). 
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2. Differing Profile Response to Specific Storm Events. 

During the study, the study beaches were additionally surveyed 
after eight storms. (Actually a total of 9 storms, including the 3 to 
4 December 1974 storm which was surveyed during a regular monthly pro­
file session.) The storms of 1 July 1975 and 10 August :!.976 were 
tropical storms; the other seven were extratropical. The ~ates of 
the storm surveys were 15 and 20 March, 1 July, 3 September, and 
25 November 1975; and 12 March, 10 April, and 10 August 1976. The 
most devastating storm effects were surveyed 25 \ovember 1975, and the 
second worst erosion occurred from Hurricane Amy, surveyed 1 July 1975. 
Table 9 describes qualitatively the highly variable effects of each 
storm at each survey location. Appendix D details the various para­
meters of each storm, and Appendix I presents the precise surveyed 
volume 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. 
Five profile lines (1 at Fort Story, 6 and 7 in Dam Neck, 10 in 
Sandbridge, and 12 in Back Bay) actually showed net sand volume accre­
tion, especially in the area between the base of the dune and the berm. 
Four profile lines (4 in Virginia 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 only to a 
minimal degree, and this erosion was mostly confined to the area of the 
berm seaward to ~1S L . 

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 at 
Back Bay) were slightly accretional. Profile line 4 (Virginia Beach), 
6 (Dam Neck), and 18 (False Cape) remained virtually unchanged from 
the previous measurements. The other 11 profile lines were erosional. 
Profile line 3 (Virginia Beach) was the most dramatically affected; 
it was erosional over the entire length of the profile line (-12.3 cubic 
meters per meter). The remaining profile lines were mostly erosional 
over the entire profile length, but to a lesser extent. 

Hurricane 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 high seas were probably the most influential 
factor affecting beach erosion. Only profile line 1 at Fort Story 
showed any accretion, although there \vas a fairly significant 
amount of erosion below the berm area. However, there was also a 
significant amount of accretion in the backshore area. Only profile 
line 11 in Back Bay showed very little change from the previous sur­
vey in June. All other locations showed a significant amount of 
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Tabi.e 9. \"ariable bead: changes from storms. 

Profile 
line 15 ,_tar. 1975 20 ~lar. 1975 July 1975 Sept. 1975 25 Sov. 1975 12 ~lar. 1976 10 Apr. 1976 10 AuJZ. 1976 

+1 ++2 _3 I 
2 I 
3 as 

4 0 0 

5 0 

6 0 0 

0 

8 0 

9 

(Jl 10 0 
<.0 

11 0 0 

12 I 
13 0 

I 14 0 0 

15 0 0 
I 

I 16 0 

17 

I 18 0 I 
1+ accretion. 
2++ accretion ~ore than 9 cubic ~eters ?er linear meter in volume. 

erosion. 
erosion more than 9 cubic neters per !~near meter in volume. 

so no change. 
6sot surveyed. 



erosion, especially in the area from the berm seaward and including 
the swash zone. Profile line 9 at Sandbridge was erosional (-16.4 
cubic meters per linear meter) from the base of the du:1e to S\-vash. 
After the hurricane at profile line 3 in the heart of th~ commerical 
area of Virginia Beach, there \vas essentially no "beach" at this 
location. With 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 high berm 
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). Only profile line 18 con­
tinued in an erosional state. Total recovery had occurred at all 
locations by August. 

The 2 to 3 September storm was not as erosional as Hurricane Amy. 
However, 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. Many locations still had not fully recovered by early 
November. Only profile lines 2, 8, 11, 12, and 16 showed any 
recovery later in September at the next surveying trip. Here again 
most of the beach loss occurred in the berm area. 

The 23 to 25 November 1975 storm was certainly the most destructive 
in terms of beach loss and prolonged recovery time for the entire 
study area. Only profile line 4 in Virginia Beach showed any accre­
tion. A slight amount of beach loss near the berm occurred, but there 
was a significant 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 high 
water tide appeared to have penetrated through the dunes at profile 
line 10 (Sandbridge). Ponding was observed at profile lines 1, 10, 
and 15. Again, profile line 3 in Virginia Beach was dramatically 
affected. With the aid of sand pumping, the beach normally slopes 
gradually from the bulkhead to the waterline, but as a result of the 
storm, sand was removed by high water within about 0.5 meter hori­
zontally of the boardwalk. The result \vas 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 prolonged. Only profile 
lines 16 and 18 showed any signs of recovery in December. Profile 
lines 1, 2, 8, 9, 11, and 17 continued to lose sand into December and 
did not begin to recover until January or February. 
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The only beach locations showing any significant erosion after the 
12 March 1976 storm were at profile lines 3, 5, 7, and 11. A 0.8-meter­
high scarp was observed at profile line 6, and several asymmetric cusps 
oriented northeast through southwest were observed aL profile line 7, 
suggesting that profile line 7 recovered faster than 6, or was signif­
icantly less eroded. Profile lines 4, 6, 10, 12, and 13 showed slight 
accretion, and profile lines 15 and 16 appeared unchanged. 

The 10 April 1976 storm was also not a significant storm event. 
The only profile lines showing any significant erosion were 2, 4, 9, 
11, and 12. Remaining unchanged were profile lines 5, 6, 7, 8, 10, 14, 
and 15. Beach-shore pending \vas observed both north and south of 
profile line 1. Late in the afternoon of 10 April, plunging \vaves, 
45 to 65 meters offshore, were observed in the Virginia Beach area. 
These waves were significant because they were attaining heights of 3 
to 4 meters. 

On 10 August 1976, the storm effects from the passing of Hurricane 
Belle through the study area were surveyed. The only erosion was 
observed at profile lines 5, 11, 12, 16, and 18. Profile lines 1, 7, 
9, 10, and 14 showed overall accretional tendencies, while profile 
lines 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 high water and deposited on the upper beach area·. The 
hurricane passed at low tide, which was probably why erosion was only 
minimal. Pending was observed at profile lines l 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 (False Cape). However, some storm events which do 
a lot of damage at one location, may leave another virtually untouched; 
e.g., profile line 11 after the 15 ~arch 1975 storm. Recovery time 
varied directly with severity of storm; the most destructive storms 
resulted in a longer time of recovery. Beaches in the Virginia 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 Virginia Beach area is due to sand nourishment, which is 
increased following 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 1) . Net 
volume changes were computed directly from these original survey data 
(discussed in Sec. III, ·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 
clearly apparent. Most of these historical 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 
accretional. 

Unfortunately, a true picture of exactly what has been going on in 
the Virginia 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 clearly reflected 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. Certainly this 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 ~eck location for which there is 
any long-term data. This location, which has appeared to be experi­
encing an accretional ~rend (most notably above the high tide line) 
since the VIMS-CERC study began, appears to be in an erosional (sta­
tistically significant) long-term trend. 

In Sandbridge, profile line 10 appears to remain in an almost 
unchanged (only very slightly accretional) long-term trend since July 
1969. Surveyed beach volume fluctuations appear to have varied 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 
trend appears to be_profile line 15. The remaining profile lines 
(12 13 and 14) have tended to be accretional, with profile line 14 , , 
having the most statistically significant trend of all the Back Bay 
survey locations. 

The three False Cape profile lines (16, 17, and 18) demonstrate 
long-term accretional trends, with profile line 18 being statistically 
the most significant. In the foredune areas, some of the pipes 
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have currently almost disappeared from vertical sand accumulation. The 
statistical significance of the long-term trends is given in Table 8. 

In summary, the locations with statistically significant long-term 
trends that coincide with the 27-month trends of the VI~S-CERC study, 
are the accretional trends at profile lines 14, 17, and 18. Profile 
line 8 had a statistically significant long-term erosional trend, and 
a statistically nonsignificant short-term accretional trend. 

4. Periodicity and Seasonality in Long-Term Trends. 

Shepard (1958) calls an erosional beach, a winter beach, and an 
accretional beach, a summer beach because, in California, the damaging 
\vaves are in the winter and the "accretional" waves in the summer. 
Both the yearly beach cycles and long-term cycles (i.e., multiyear) 
coincide with local climatic conditions. 

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

~:Development of \-vinter profiles on beaches of the U.S. Atlantic 
coast north of Delaware Bay, and on beaches of the Cclifornia coast, 
differs in a \vay that appears to depend on mean \vave climates, and 
seasonal changes in wave climates of the tKo regions. Eroded \~inter 
profiles, typical of California, are less well developed and sometines 
absent on northern Atlantic beaches.'' 

Sonu (1966) also found "profiles resembling the accepted SUITh'ller and 
winter type barely several hundred meters apart on the same section of 
beach,'' at Cape Hatteras, North Carolina. The seasonal (winter-summer) 
differential in mean monthly wave heights are much greater for the west 
coast of the United States than for the east coast. (SP~, Fig. 4-10, 
U.S. Army, Corps of Engineers, 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
tations in Appendixes Band 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 profile 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 late December). This is followed by general accretion, 
of widely varying amount and spatial distribution, 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, 74, 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 
trend is very consistent from Cape Henry to the Virginia-North Carolina 
State line, but the time of accretion varies between profile locations. 

5. Currituck County Beach Changes. 

Eight trips to the Currituck County ocean front (February 1975 
to September 1976) revealed low-gradient, broad beaches for the first 
30 kilometers south of the Virginia-~orth Carolina State line (Figs. 15 
and 16). (The VIMS-CERC Currituck County reconnaissance stations, at 
intervals of 6.4 kilometers starting at the Virginia-~orth 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 Dare County) and beaches 
just north of the CERC Field Research Facility. This section is 
represented by narrow, steep beaches with dune scarps, and copious 
amounts of coarse sand, locally known as "treacherous red sands" 
because of the difficulty of driving. However, these sands were 
beginning to show farther north in 1976. 

Over the 19 months that data were taken in quarterly reconnais­
ance trips to this area, little change was observed in the beach 
widths. The steepness of beach-face slopes decreased slightly 
(Fig. 16) and beach-face sand grain size rem~ined 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 ~ovember 1975. 
These data are thus suggestive of seasonality with erosional beaches 
in winter and early spring (with one exception in July 1976) and 
accretional beaches in late spring, summer, and fall. 

Richardson (1977) has summarized beach erosion occurrences 
between 1 ~ovember and 30 April for the U.S. east coast (Maine to 
Virginia) from the U.S. Weather Service records. This tabulation 
(Table 4) indicates 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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generally fit other beach erosion seasonality data, with these Currituck 
data having two exceptions, a fall storm season later than usual in 
1975, and a summer storm in July 1976. 

Generally, a representative beach in Currituck County would be 
0 0 expected to have a beach-face slope of from 2.5 to 6.5 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: 
natural, residential, commercial (resort), and military (Fig. 2, Sec. 
II, 4). The area can also be divided into reaches (Table 2). Tables 
10 and 11 examine to what degree this variability in beach usage or 
geographic reaches is reflected in measured beach changes. 

It does seem apparent from the high accretion in the commercial 
area of Virginia Beach (Table 11) that the sand nourishment program 
is both necessary and successful. As for the erosional value for the 
natural area, many profile lines in this location are eroding, due in 
part to the high wave energy concentration in this area (Goldsmith, 
et al., 1974b). The natural processes appear to dominate over usage 
effects, as shown by the volume change averages (using CERC's compu­
tations), and correlate closely with the variations in beach morphology. 
It appears that the Virginia 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). 

VI. 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 intensity (of those monitored) are wind direction, windspeed, 
wind duration, barometric 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 Annual avg. cum. vol. 
Beach type Profile lines (m3/m) change (m 3/m/yr) 

t-filitary 1, 6, 7, 8 + 6.5 +2.89 

Residential 2, 9, 10 + 2.1 +0.93 

Commercial 3, 4, 5 +10.6 +4.71 

~at ural 11 to 18 - 6.6 -2.93 

lover the 27-month survey period. 

Table 11. Average cumulative volume changes by reach. 

Avg. cum. vol. change' Annual avg. cum. vol. 
Beach type Profile lines Reach (m 3/m) change (n:3/m/yr) 

Residential 1, 2 Virginia Beach +23.7 +10.5 

Cow~-nercial 3, 4 Virginia Beach +15.8 + 7.0 

Military 5 to 8 Dam Neck 0.0 0.0 

Residential 9, 10 Sandbridge - 6.5 - 2.9 

Natural 11 to 15 Back Bay -13.6 - 6.0 

~atural 16, 17. 18 False Cape + 9.6 + 4.3 

10ver the 27-month survey period. 
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tide. If all these factors are in the right conjunction, any given 
storm (even one considered "moderate") may be extremely destructive; 
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. 
A summary of storm-related data of storms which occurred during 
the 27-month study period is given in Appendix D. 

Storms are responsible for certain beach features which are only 
observed during and immediately after storm events. These include 
ponding, overwash, dune scarps, peat exposure at low tide (after low­
intensity storms), and tree stump exposure (at False Cape). Generally, 
after a particularly high-intensity storm, the entire beach profile 
is flattened and lowered. Recovery rate appears to be proportional to 
the duration and intensity of the storm. 

All significant beach changes can be related to storm ev·ents (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 cante at different times of the year, and neither 
occurred during the winter (i.e., December 21 to March 21). From the data 
in Appendix D, it \vould appear that the common factors for both storms were 
maximum \4/ave heights greater than 1. 5 meters, and a swell height (greater 
than or equal to 1.5 meters) duration of 12 hours or more. Swells for 
both storms were east-southeasterly and northeasterly, respectively. 
Similar data 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, rutd this 27-month study period was a 
time of relatively low storm-erosion activity in this area. Never-
theless, lack of winter storm-induced beach erosion occurrences 
(four storms in late ~-!arch and early April, t\iO in the summer, and 
three in the fall), despite the small sample, is indeed instructive and 
correlates well with other studies on the east coast (Bullock, 1971; 
Goldsmith, 1972; Boldsmith, Farrell, and Goldsmith, 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 
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 summer accretion" on beaches observed on the U.S. west coast. 
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2. Waves 

During the 27 months of study, wave data were collected daily at 
various locations (see Fig. 2 and App. H) and included wave period (in 
seconds), wave height (in feet), and wave direction (degrees). Wave 
data were also taken at eac~ monthly surveying session. 

Inspection of the data showed that often there was significant 
variance between locations in data taken on the same days, most notably 
in wave periods. This variance is believed to be due to a human 
factor rather than dramatic shoreline variations in wave periods. 

Table 12 represents a compilation of the 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 attempt 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 heights in 
the spring and winter, while the longest wave periods seem to occur 
during the summer. Most of the storms surveyed occurred during the 
fall and spring. However, these wave data vary widely between 
observers (especially wave periods), and the seasonal differences 
for most observers are probably statistically nonsignificant. 

Figures 19 and 20 are compiled from wave observations made at 
each surveying session. The plots represent average breaker height 
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 slight 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), which would correlate with the narrowing 
of the Continental Shelf to the south. This trend is missing from 
average wave period (Fig. 20), which appears to show more variation 
between locations. 

\vave refraction and the effect the resulting nonuniform shoreline 
wave energy concentration has on beach behavior, are presented in 
refraction diagrams in Goldsmith, et al. (1974b) and the Virginian 
Sea Wave Climate ~1odel Data Bank at VD·tS. In summary, the shoreline 
wave energy distributions for this area correlate well with the 
observed beach changes. Specifically: 
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Observation sites Period 
(north to south) --.1&_ 

73d St. 6.5 

39th St. 8.1 

Ho.,.ard Johnson 

Hilton Inn 

7th St .• 
Virginia Beach 10.8 

Da'CI l\eck 8.7 

Sandbridge 9.4 

Beacon 7.0 

Back Bay 7.9 

Currituck 
Beach Lt. 

Total Observations 

~ean 8.5 

Standard 1.5 
deviation 

Table 12. Daily volunteer wave observations averaged by season. July 1974 to Sovember 1976. 
(See Fig. 2 for locations) 

Winter Spring SuDDDer Fall 

Wave Wave Wave Wave 
Height Direction Period Height Direction Period Height Direction Period Height 
..J!!L (0) __N_ __!.!&_ (0) ____!&_ ~ (0) __J&_ __1!!L 

1.7 94.5 6.7 1.7 89.1 

2.0 83.4 

"7 "7 1.5 !O!L! i 
! 

6.5 1.9 90.4 5.3 1.2 

1.9 91.1 9.7 2.3 91.4 10.8 2.0 98.0 10.9 2.6 

1.5 91.3 8.6 1.3 91.4 10.5 2.0 97.5 10.3 2.1 

1.9 93.3 8.3 2.7 87.1 

1.7 75.5 8.9 1.4 93.0 

I 
8.4 2.5 93.4 9.9 ~-::1 

I 

1.3 76.9 7.5 1.2 88.5 7.9 3.5 85.0 I 4.4 1.6 
i 

! I iLl 2.2 87.8 7.7 2.2 9!. 3 

1.7 8.6 1.6 9.2 2.2 8.9 2.0 

0.2 0.9 0.4 1.6 0.4 2.4 0.5 

Direction Total 
(c) Observations 

168 

28 

I 9 

I 90.9 306 

I 9L7 341 

89.9 529 

39 

94.5 I 268 

70.0 

I 
120 

I 74 

I --
1.882 
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(a) Northeast, north-northeast and east-northeast waves of periods 
greater than or equal 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) East 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 
well as Back Bay and Dam ~eck. 

Previous observations in New Jersey (Goldsmith, Farrell, and 
Goldsmith, 1974a) indicate a close correlation between differences in 
beach morphology and areas of relative wave energy concentration, with 
narrow, steep beaches and wide, 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, with 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, 197Sc), better than 
the infrequently observed wave data shown in Figures 19 and 20. 

An additional factor is the dominant northerly transport in the 
study area, which is related (to an unknown extent) to the relatively 
high ratio of southeast-northeast wave energy along this shore. An 
important aspect 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 sediment, (c) total cumulative beach volume changes; i.e., net 
erosion in the center, and (d) wave refraction; i.e., an area of wave 
energy concentration for both northeast and 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 chang~d 
during the interim from September 1974 to November 1976. However, 
despite these repeated changes, certain shapes are prevalent. 
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Generally, beaches at prcfile lines 1 and 14 to 18 are wide and 
flat; profile lines 2 to 13 are narrow and steep with 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 phenomenally, 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. Kane of the profile lines in this area have 
changed much in appearance, although profile lines 4 and 5 have eroded 
slightly above the berm and accreted slightly 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 dm"n 1nto 
the sand to find the survey ?ipe (in September 1974 the pipe height 
was 0. 4 meter above the sand level; in November 1976 the pipe \-vas 0. 2 
meter below the sand level), resulting in a prevailing concave­
up\vard shape. 

Profile line 7 has accreted slightly, especially in the area of the 
berm, but remains otherwise unchanged. 

In the Sandbridge area profile line 9 has maintained a slight overall 
erosional trend over the survey location, 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 change in shape has taken place at 
profile line 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 significant. 
Profile line 11 has lost sand from the base of the dune sea\vard; 
profile lines 12 and 15 have remained virtually unchanged in shape. 
Profile lines 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 up 
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. 

Profile line 1 (Fig. 21) is typical of the longe~ accretional 
beaches. Generally, the profile line 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 
high 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 
profile. 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 tides. 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, which 
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 erosion (cumulative volu~e) 
during the storm event. 

A specific example of sand loss in the berm area is seen at profile 
line 9 (Fig. 22). Computing data from the COMPARE program show that 
about 15 cubic meters of sand per linear meter of beach was lost from 
the base of the dune to MLW swash between 6 June and 1 July 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), after 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 
during Hurricane Amy accreted approximately 16 cubic meters of sand per 
linear meter of beach behind the original berm, and eroded some 4.6 
cubic meters per meter from the berm to upper swash. This suggests 
that high water and winds possibly transported sand from the berm and 
deposited it higher 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 rebuild. The beaches at profile lines 2 (Virginia Beach), 
8 (Dam Neck), 9 (Sandbridge), and 11 (Back Bay) usually experienced 
overall total erosion from the base of the foredune sea\~ard. The 
remaining profile lines were usually erosional only in the berm 
area. 

In the Virginia Beach area (especially profile line 3), the 
berm appears to be "moving" sea\\!ard. This is probably due to the 
effects of sand pumping (beac:h 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 profile line 12. This wind erosion resulted in a 
''~reakthrough 11 in t~1is dune from the landward side about halfway 
through the study, and significant eolian transport through this 
opening was subsequently observed. Also, it was apparent that 
significant eolian transport was occurring in both onshore and off­
shore directions through this opening, and resulted in significant 
infilling between pipe 1 and the front foredune. This infilling 
occurred from both the beach and the back part of the island, and 
further supports Leatherman's (1976) studies on Assateague (as dis­
cussed in Section IV, 6). 

VI I. SU~flvtARY 

1. Characteristics of Southeasten1 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 (profile 
lines 8 to 15) is eroding at an average rate of -4.7 cubic 
meters per meter per year (Figs. 13 and 14 and Table 11). 

(b) Most profile lines underwent large monthly volume changes 
relative to total net volume changes (App. I). Statisti­
cally significant (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) "~en 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, which encompasses 
a time of greater storm-induced erosion (1972-1974) than 
the 1974-1976 VIMS-CERC study (Table 8 and App. C). 

(d) 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, relatively inactive 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 time of erosion in 
the fall was 65 percent. Fall is defined by Frisch (1977) as 
late September through late December. 

(h) There was no apparent relation between beach response and the 
four major usage types defined for this area (commercial, 
residential, military, and natural)(Table 10). 

(i) The Virginia Beach commercial area would be erosional without 
the extensive sand nourishment which 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, where 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 unkno\vn 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 Thimble 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 profile 
line 5, but probably only has a minor long-term effect, if at all, 
on profilP. lines 6 and 7. Although profile line 5 has not had much 
net beach volume change, it is a very active location, which is 
probably 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 
critical to any coastal construction or instigation of remedial measures 
(SPM, U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 
1975, pp. 4-142 to 4-146). Evidence is summarized 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 clearly 
indicate that Sandbridge and Back Bay are in sand-deficit areas, which 
is attributed to the net longshore transport out of this area. Thus, 
erosion may be predicted to continue at relatively greater rates than 
perhaps, False Cape to the south. False Cape appears to be benefiting 
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 
beaches, than in the 1974-1976 time period. Thus, it is clear that 
both rates and patterns of erosion and accretion can, and do, change 
with time, and that the trends of these 27 months are not necessarily 
an indicator of future beach changes in this study area. 

w~en the net survey changes with reaches (defined by usage) are 
averaged, it is clear that 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 aTea is Virginia Beach, residential (+23.7 cubic meters per 
linear meter). False 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 aeri~l 
photographs between profile measurements, it is estimated that the 
reach most directly affected by the fill placement is about 3.4 miles 
(5.5 kilometers) long, north from Rudee Inlet. This calculates 
(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 fill is retained (because 
of size characteristics 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), it becomes quite evident that beach nourishment is essential. 
Further, without the beach nourishment in this section, the expected 
beach erosion is estimated to be about -9 cubic meters per linear 
m~ter 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 Virginia 
Beach residential area (Table 11) due to the longshore transport 
processes, though this amount is much harder to determine. 

3. Implications for the CERC Field Research Facility Studies. 

The new research pier is located in northern Dare County, Xorth 
Carolina, approximately 5 kilometers south of the Currituck-Dare 
County line and approximately 42 kilometers south of the Virginia­
~orth Carolina State line. In general, the beaches in this immediate 
vicinity are narrow and steep, with very apparent dune scarps 
(greater than or equal to 3 meters) reached by every storm. These 
beaches 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 grain size, 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 ~orth 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 high- and low-angle beach faces measured in Currituck County 
were observed to be indications of convex-accretional and concave­
erosional profile lines, respectively. The steepest beaches were 
measured in May, August, September, and ~ovember; the lowest angle 
beaches were measured in April, February, July, and January, respec­
tively. 

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

AIR A~D GROJND PHOTOS OF 18 PROFILE LINES 

The location of the profile lines are indicated on the 

aerial photos. 
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Profile Line 1 

12 February 1976 

1 July 1975 
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Profile Line 1 

6 August 1975 

10 August 1976 
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Profile Line 2 

12 February 1976 

5 ~1ay 1975 
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Profile Line 2 

1 July 1975 

12 February 1976 
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Profile Line 3 

12 February 1976 

1 July 1975 

98 



Profile Line 3 

5 August 1975 

25 November 1975 

9 June 1976 
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Profile Line 4 

12 February 1976 

20 ~larch 1975 

3 September 1975 
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Profi 1 e Line 5 

12 Pcbruory 1976 

.... 

10 April 1976 

S June 1975 
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Profile Line 6 

12 February 1976 

' ~· ~ 

7 April 1975 

l July 1975 
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Profile Line 7 

12 February 1976 

5 ~lay 1975 

5 October 1976 

.. 
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Profile Line 8 

12 February 1976 

5 August 1975 

25 November 1975 
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Profile Line 9 

4 ~~y 1976 

8 September 1975 

25 ~ovcmhcr 1975 
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Profile Line 10 

12 February 1976 

5 May 1975 

25 November 1975 
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Profile Line 11 

12 February 1976 

25 November 1975 

12 February 1976 
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Profile Line 12 
~ 

--· •·--~ r -

' ... 
-~ -

I 

12 February 1976 

12 February 1976 

5 October 1976 
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Profi 1 e Line 13 
-- • ... - .I 

~ : -

12 February 1976 

10 \pril 1976 

• 
5 October 1976 
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Profile Line 14 

12 February 1976 

8 September 1975 

8 t-1arch 1976 
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Profi I e Li ne 15 

L2 February 1976 

6 July 1976 ... 

5 October 1976 
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Profi l e Line 16 

12 February 1976 

7 November 1974 

5 June 1975 
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Profile Line 17 

12 Februa r y 1976 

6 July 1976 

' . ~ -- .. . . . .. -~ , . ---· - - ~-
. -. 

. • • I • ... .. 

2 August 1976 
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Profile Line lS 

.. .._,...., .. _ .. ·- 4 May 1976 

10 February 1975 

5 June 1975 
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APPENDIX B 

PLOTS OF PROFILE VOLUME CHANGES WITH TIME 

Appendix B contains 18 plots of total cumulative volume changes 
for the VIf\1S-CERC profile 1 ines during the 2 7 -month study. 

Cumulative volume is measured in cubic meters per linear meter 
of beach. A linear regression line has been drawn on each plot, and 
the statistics relating to this line are given in Table 7. 
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APPENDIX C 

COMBINED PLOTS OF PROFILE VOLUME CHANGES WITH TIME 

Appendix C contains 14 plots of total cumulative 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 
given in Table 8. 
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APPE~DIX D 

SUMMARY OF STOR:0.1 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, ~orth Carolina; and the 
Norfolk International Airp·)rt. 

Storm parameters include tide height, maximum \vave 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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CHESAPEAKE LIGHT 

\\'ave height 
False Cape ~lax. "ave duratio:1 ~!ax. s;.cell ~lax. swell 

lime tide height height > 1 m height direction 
Date (e. s. t.) (m) (m) (h) (rn) (true) 

~ Dec. 1974 0431 -0.1 low1 
0800 
1051 1. 2 high 
1700 0.9 0 1.5 ~~E. 

14 ~far. 1975 0208 -0.1 lO'-' 
0400 1.2 9 
0700 
1300 1.8 E. 

19 Mar. 1975 0528 0.1 lO'-' 
1000 
1127 0.9 high 
1600 0.9 0 
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'Predicted tides at False Cape, Virginia,from ~atior.al Ocean Survey Tide Tables. 

2sea and l\"ind conditions at Chesapeake Light, Virginia. 

S"ell height 
~!ax. S'-'ell duratio:1 ~lax. w:.:1d ~1ax. \-.·ind 1\ind duration 

period > 1.5 m di:::-ection speed > 25 kn 
(s) -(h) {true) ~kn} - (h1 

\"W.2 35 12 

5 15 

~~E. 38 c 
6 24 

SE. 34 12 

6 18 

5 12 

6 0 ~E. 28 27 

~E. 72 30 
6 33 

~l\". 40 21 

6 1 

~. 30 21 

5 0 



(Jl 

Tione 
Date (e.s. t.) 

4 Dec. 1974 0030 
0431 
1051 

14 !l-Iar. 1975 0200 
0208 

19 ~1ar. 1975 0528 
0830 
1127 

30 June 1975 181<1 
2200 

July 1975 0009 
0200 

31 Aug. 1975 .1700 
2047 

1 Sept. 1975 0242 
0400 
0847 

23 Nov. 1975 2000 
2233 

24 ~ov. 1975 0436 
1057 

g !l-Iar. 1976 0700 
1918 
2300 

10 ~tar. 1976 0030 
0150 
0814 

9 Apr. 1976 1400 
1449 
2103 

9 Aug. 1976 1150 
1353 

False Cape 
tia;_height 

, ... ) 

-0.1 lc~> 

1.2 high 

-0.1 lo~ 

0.1 lo~> 

0.9 :tigh 

0.1 1o~· 

1.0 high 

0.2 lo~ 
1.0 high 

0. 1 lo~> 

1.0 high 
0.0 lo;; 
1.1 high 

0.0 lm·· 

1.0 high 
0.1 low 

1.0 :tig!l 
0.0 1o,.-

0.0 1o~> 

Currituck Beach Light 

~~ax. ~ind Wind dt:ratic:t 
~~rec:ion ~ax. ;;indsoeed > 25 kc 
~trt:e) (kc) · (!l) 

~!:. 
:. 25 

SSi\'. 38 21 

~li. 62 8 

31Hnd conditions at \orfol;- lnter::a:~o:;:o! -\ir?or:, \o:-fo1k, \"in::i:oia. 

4 i\'ind conditions at Curritt:ck Beac!l ~:ght, Coro!la, ~or:~ Carolina. 

Sorfo!k Inte•na:io~al Airport 

!-lax. ~>ind ~-~ax. ~ind h"i:1d :h.::-at:o:: 
direction 

(true) 

SE. 

s. 

s:-;:o. 

~E. 

SE. 

ESE. 

s~~-

~~E. 

ss•··. 
~~ ...... 

N. 

s. 

speed 
(k:t) 

17 

24 

23 

22 

22 

16 

i2 

25 

27 

2! .,, 

21 

28 

> 25 kn 
-(h) 

0 

0 

0 

0 

0 

c 

v 

;J 

0 

0 



APPENDIX E 

BIRD CENSUS DATA 

Appendix E contains bird census data collected at the 
profile locations from October 1974 to February 1976 by S. Sturm. 
Both species of birds and numbers of individuals are included. 
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B:rd. Census Da~a 

Southeastern Virgi:tia bird observations 
(Total number ind:vio!uals obsen•ed Oc~ober 1974 to February 1976) 

Fort Story V.:.rgini:l Beach Dam Xeck Sand~lri dge Sack Bay False Cane 
Species (military) (commercial) (n;i 1 i ~ary) (resj,!en~ial) (natural) (natural) 

Common Loon 12 31 

Horned Grebe 8 4 

Gannet 35 ~9 so '1"7 53 1!!9 

Do:.~ble-Crested 

Corr.~orant :a 1"' 86 659 671 

Canada Goose 19 22 392 6 

Snow Goose 762 22 

White-winged 
Sco!er 5 

Red-Breasted 
:'-lerganser 20 58 11 43 971 BlC 

Osprey 

Black-3el1ied 
Plover 12 3 ~6 145 62 

:'-tarbeled Godwit 

Wi!let 10 33 77 191 118 

!l.uc!dy T:.~rnstone 43 34 

Dunli:t 23 30 478 1,652 

Sa:tderling 113 146 570 476 1,419 3,67i 

Great Black-
Backed Gull 14 16 65 3G 513 696 

Herring Gull 1,330 1,507 662 661 2,846 3,772 

Ring-Billed Gull 1,949 b86 166 534 1,071 1, 731 

Laag~ing Gull 45 :21 298 66 315 321 

Royal :-ern 31 28 123 96 202 

Casp~an Tern 25 39 55 66 

Pigeon 231 

Barn Swallow 10 36 

Carolina Wren 

Starling 12 9 

Yellow-Rurnped 
War~ler 37 33 

Yellow T!'lroat 3 12 

!-louse Sparrow 12 

Boat-Tailed 
Grackle 33 29 52 95 103 

Song Sparrow 3 8 23 

Total r.unber 
individuals 3,611 3,042 2,109 2,134 10,222 14,244 

Total num'Jer 
spec:es 14 2! 20 21 28 26 
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APPE~DIX F 

VIMS-CERC SURVEY FOR~S 

Appendix F contains two original field forms developed and used 
by VIMS in tabulating data for CERC. 
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(Jl 
(Jl 

VIMS - BEACH SURVEY FORM 

location __________ _ Recorder _____ Page ---S)f _ 
Weather __________ _ Wind dir. & vel. ______ _ 

DlTE TIME STAD BTS. 

loc mo day yr start finish rear middle front 

M I 1\1 "t 1 •• "'•II ~ ""'uuuaot 'IIJ,ur:W~ l!ftP~HI, w I I I I I I I I I I I I LillJ I I I I. r1 I I l_ _0] I 0 1_1 I _ 
STAICE 1i'1RV. TIDE 

ht.leval rear mldd.le front time-low range 

~ ,'1!~,.'1 ...... "' l:"'jS..Ij] r ..... fA ~ ~7 ..... :1 , , • .,. ao 
Ua.W [ I_ I I I I I. f ll ~I l_t] I ; I r11 LLU ! I 1.1 I_ 0 I I l 0 

HORI Z. VERT'. 
a, 1: J ot ~ • I I ~ to n 
I I I-I I Ill I I I II ·r 'o!ll: n .,.j ... n I i I i I I I ! Li ~: 
.J.I14 , ... ~a a 8D a n. a 

ll I i I ] 0 i i l.i i I 
r.S·IJ~, .. , ~-~~1 co 1 c rt rr rJ .,, .. i., .. ·:r-n 0 J [[ liiii 
nD·R~M [IJJ I .., ... ,.1711 
11 crr1 

HORIZ. V!IT. 
liJIO!I 

I I I~ I I I ... ,, ,..._ 
I iii Iii iII I I 11 
I I I j I lei I I I I,; I I 

Y.".··•" .... •"'····· ...... I I I I I I I I I I I I I I 

I I I I I 1.1 I I I 1.1 I I 

r'iftMriJR a f!SI ~· s• _ I I I I ~I I I I 1~1 I I 
D ,, ••: IR 'I ..._r. M a'!i 

IJ_ r 1~1 II [1_1 II 
St.I!M -~· LLI r1;1 I~~ 
iJCAM'19~""-

LOIIjl 

HORIZ. YERro 
-~ , ·~1011 
~II Llll 
I ... ,, '" " ~ n ,.. ,, • ti fie, 
II I] llllllll:ril 

p• 1lC'I.r.py F'." nr I FFI I I I I I I 
I 1111111111111 I I I ••• I I I •• I I I r·· .. fj· .. !. T"1 I ISJ I [I It J 

Utr,!J"i.M lll.dS 
I IJJI I rc Ill 
M" .. ljM ~-~.-~ I I [ I rt Ll I] i .... ,.,.ll. en 17U 



!la::e: 

Cbservers: 

GDC!-~TER 
:-::I:.EAGE 

:-nLEAGE 
(South of 

State Line) 

! 
I FCR.ESHORE 

SLOPE (") 

Q:!AR7ERLY RECO!>;"XAISSA.'ICE -- C'..:R.~ITUCK COUXTY -- DATA AND OBSERVATIIDIS 

for C=:RC by VIMS 

Ger.eral Conditions, Prev. ~eteorological Events, etc. 

SA.'ID LEVEL G8'ERAL CONDITION 

Page __ of __ 

GRAIN SIZE 
& LOCATIO~ 

PROMINANT 
FEATURE 

(if 8.."ty) 
( ag~ainst feature) 

PHO'IO 
~OS. (Eros.-Accret., trafficability, st~~ping, etc.) 



APPENDIX G 

SURVEY DATA FOR 18 PROFILE LINES 

Appendix G contains the survey data and sk~tches of the horizontal 
controls for the 18 profile lines. 

Heights are listed in feet and meters above ~,1SL, as surveyed in 
April 1976 by Freeman and Johnson, Consulting ·::ngineers and Land 
Surveyors, 62052 Bonney Road, Virginia Beach, Virginia, 23462. 
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VIMS-CERC PROFILE LINES, CAPE HENRY TO VIRGI~IA-~ORTH CAROLI~A STATE LINE 

Pipe 1 Pipe 2 Pipe 3 
Profile line (ft) (m) (ft) (m) (ft) (m) 

1 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 15.91 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 21.08 6.43 26.80 8.17 10.97 3.34 
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COUNTRY STATION 

U.S.A. Fort Story Profile line 1 VI~!S 2 
LOCALITY AGENCY ICAST IN r•ARKSI ELEVATION 

Virginia Beach, Va. VI~fS-CERC 19.97 
IFTI 

-dh-
LATITUDE 

36° 54' 55'' 
INORTHINGIIEASTINGI 

2732772.44 E 
INORTHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

DA .:~~~ .• 1959 

IFTI 

IMI 

;DATUM DATUM 

! . ' - . , ~ortn Amenca 1927 ~fSL 
IFTI :GRID AND ZONE 

I 

-11(11..1 Lambert Va. -
IFTIIGRID AND ZONE 

I 
rMI I 

ESTABLISHED BY IAGENCYI 

GRID AZIMUTH, ADD 

GRID AZ. IADDHSUB.I TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION 
IGEODET ICIIGRIDI 

N T 

"EPLACEI DA FO"MI 1010 
AND 1010, I fi'IEB 17, WHICH 
ARil OBIOLilTII, 

\ 

BACK AZIMUTH 

\ 
\ 

SKE:TCH 

GEOD. DISTANCE GRID DISTANCE 
IMETE:R<;I IP'EETI I IMETERSI IFE:ETI 

NDT To SCIILI: 

DESCRIPTION OR RECOVEIIY OF HORIZONTAL CONTROL STATION 
For u .. of lhl• fort~~, aoo TM 5-237; tho ,_0,_11, 

...... , •• u.s.c.,.,,_,. .. l A~WJ~ c--11111. 
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COUNTRY 

U.S.A. 
LOCALITY 

TYPE oF MARK Concrete 
monument with disk 

STAMPING ON MARK 

STATION VH1S 2 
6lst Street, Va. Beach Profile line 2 

AGENCY !CAST IN MARKS! ELEVATION 

Vir inia Beach Va. PRO 2-2 VHfS-CERC 15.48 
IFTI 

J L 
LATITUDE 

36° 53' 12. 7" 
INORTHINGIIEASTINGI 

2735225.58 E 
INORTHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

DA, ::~~.1959 

LONGITUDE 

75° 59' 8.9'' 
1FT) IEASTINGIINORTHINGI 

-~- 211321.77 N 
IFTI IEASTINGIINORTHINGI 

IMI 

AZIMUTH OR DIRECTION 
IGEODIETICIIGRIDI 

DATUM DATUM 

:-Jorth America 1927 ;1.1SL 
IFTI GRID AND ZONE ESTABLISHED BY IAGENCYI 

-1M1-I Lambcrt-Va. South Freeman and Johnson 
DATE ORDER 

Anr. 1976 3d 
TO THE GEODETIC AZIMUTH 

TO THE GEODETIC AZIMUTH 

GRID DISTANCE 
IMETERSi IFEETI 

GEOD. DISTANCE 
BACK_AZIMUTH 

IMETEASI IFEETI 

HoT TO SCAJ.. 

REPLACES DA FORMS till 
AND tiiO, I fi'I:B 17, WHICH 
ARI: OBSOLETE. 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
,., use of lhl• fonn. ••• TM 5-237, the ,..,....., .,...., •• u.s.c-........ , A.., c--•· 

160 



COUNTRY TYPE oF MARK Concrete .STATION 

U.S.A. monument with disk ~15th St. Pier Profile line 3 VH-1S 3 
LOCALITY STAMPING ON MARK AGENCY ICA!.T IN MARKSI ELEVATION 

!FTI 

Virginia Beach, Va. PRO 3-3 VI~1S-CERC 16.30 ~MI-
LATITUDE LONGITUDE DATUM DATUM 

36° 50' 35.6" i5° 58' 2~-. 2" i'orth America 1927 ~1SL 
INORTHINGIIEASTINGI IFTI IEASTINGIINORTHINGI IFTI GRID AND ZONE ESTABLISHED BY !AGENCY! 

2739364.12 E +M(- 195540.44 N -db- Lambert-Va. South Freeman and Johnso~ 
INORTHINGIIEASTINGI IFTI IEASTINGIINORTHINGI 1FT I GRID AND ZONE DATE I ORDER 

IMI , .. , Anril 1976 3d . ; 
TO OBTAIN GRID AZIMUTH, ADD TO THE GEODETIC AZtMUT": 

TO OBTAIN GRID AZ. IADDIISUB.I 
.. 

TO THE GEODETIC AZIMUT .. 

AZIMUTH OR DIRECTION 
GEOD. DISTANCE GRID DISTANCE 

OB~ECT IGEODETICIIGRIDI BACK AZIMUTH 
IMACiNETICI 

I METERS! IFEETI IMETERSI IFEETI 

D " D , 

J/orro SCAJ.F ~:tl 

\ 

'"I ' 0 " -<-fE PPERJV..i ,..rr c 1'\(:, ~' 

~~£~~ 0 (). 

~ 13 EAC-H c .~ <J/'?IJ 3 . 
llub 

c 
~ 

~ c ~ ...., ~ t ~ Q 

~ 
tr::i 

~ ..r. ~ 'S 

~~T~ 
...d! 

~~ 
.1. 

~ - ... 

~ i~ Fishovfj PiE 
"'rl 

~ PIE~ 
~ 1~ I • ~ .. 
~ ~~ ~J?.kf N9 I 

~~ ~ Q 

v~ ' ..; 

\::: D~ L D I -~ -
~ 
"t 
"h_ "tF vePGD 

LI6H7 ~ Pole. 
~ Pt>/E 

N 

lsKETCH 

~ 
. DA I :~:~ .• 1959 REPLAC&:I DA F"DRII.41 1181 

AND 1110, t 1'1!:8 87, WHICH 
Alii: 0810LilTil. 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
For u11 of lhl1 fortt1, ••• TM .S.237J the pro,_wt 

• .. ,.., lo U.S.C111IIM11tel ANy c--~~~~. 
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COUNTRY TYPE oF MARK Concrete STATION 

U.S.A. monument with disk 1st St. Pier Profile line 4 VI~fS ., 
LOCALITY STAMPING ON MARK AGENCY !CAST IN MAAKSI ELEVATION 

1FT I 

Virginia Beach, Va. PRO 4-2 VIMS-CERC 10.17 -dtl-
LATITUDE LONGITUDE DATUM DATUM 

36° 49' 50.3" 75° 58' 11. 7" North America 1927 ~-ISL 
INORTHINGIIEASTINGI IFTI IEASTINGIINORTHINGI IFTI GRID AND ZONE ESTABLISHED BY IAGENCYI 

2740424.10 E 111ft- 190978.97 N ;*~"" Lambert-Va. South Freeman and Johnson 
INORTHINGIIEASTINGI IFTI IEASTINGIINORTHINGI IFTI GRID AND ZONE DATE I ORDER 

IMI IMI April 1976 3d 
TO OBTAIN GRID AZIMUTH, ADD 

. 
TO THE GEODETIC AZIMUTH 

TO OBTAIN GRID AZ. IADDIISUB.I 
. 

TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION 
GEOD. DISTANCE GRID DISTANCE 

OBJECT IGEODETICIIGRIDI BACK.AZIMUTH 
IMAGNETICI 

IMETERSI I FEET! IMETERSI IFEETI 

0 . 0 . 

_tloliD 5c,A)e ~ I I 
~oo.Je'\ ~ 

.Afo-/DI( ~ ~AJ,;..,AJ 
"INfl ~ ~~ . ".4(AI(t( #' l'/7!r 

I I 
,.,~ I I 

~ D Lle,ht R,le 0 J...~~+ Pote. ~~Q I I "Sl> 
~ ~ I 

~ 
..... IP~ED6E" 

I PI PIE . 
PFIRk\ It~ I I_ 

I"' ~ I I Lof I ~ ~ ~ ~I I , 
~ ~I \Jj 

~i 
I ~I 1\ ~ I ('(]' 

~g ~ ~I I 
3~ r:1s11~' ~ ~ 78".23

1 '; I I .... 
lA ./ll6. 87' ~- d.53-9rL I PIER CDNCI.e.k (o.2J~ 

f 
VEPt.IJ 0 f I PDie •I'-

D F;sJ.il\15 I I N r- PitA LljAf 

j /J ~}e. 
~u;N I I 

lSKI!TCH 

I I 
I I 

DA I ::~~ .• 1959 
AEPLACEI DA FOAMI 1111 
AND 1 .. 0, I fi'EB 17. WHICH 
AAE OBIOLETE, 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
, .. VII ................ TM 5-237, ........ ,...... 

...... , •• u.s.c .... ,_ .. l .. .., c-111111. 
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COUNTRY TYPEOFMARK Concrete !STATION Camp Pendleton North Boundary 
U.S.A. monument with disk Profile j ine 5 \!"\!S 2 
LOCALITY STAMPING ON MARK !AGE .. CY ICAST IN MAFKSI ELEVATION 

1FT I 
Virginia Beach, Va. PRe! 5-2 I VI~1S-CERC 19.45 .Jt{L. 
LATITUDE LONGITUDE DATUM DATUM 

36° 49' 6.211 750 58' 3.511 Korth America 1927 ~1SL 
INORTHINGIIEASTINGI IFTI IEASTINGIINORTHINGI CFTI GRID AND ZONE ESTABLISHED BY CAGENCYI 

2741209.22 E +ti6- 186545.06 X -d41- Lambert-Va. South Freeman and Johnson 
CNORTHINGIIEASTINGI 1FT I CEASTINGICNORTHINGI CFTI GRID AND ZONE DATE 1 ORDER 

CMI CMI IAnri , 1 C)7(, ~cl 
TO OBTAIN GRID AZIMUTH. ADD 

. 
TO THE GEODETIC AZIMUTH 

TO OBTAIN GRID AZ. CADDIISUB.I 
. 

TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION 
GEOO. DISTANCE GRID DISTANCE 

OBJECT CGEODETICIIGRIDI BACK _AZIMUTH 
CMETERSI CF!ETI IM!TEAII CP'!!TI IM&GNETICI 

0 . 0 . 

~ 
No,.. iO SCIIL# 

~ 

Rol.6EE" ~ 

I ~ 
~ ~ ; 

0 

~ 0 -~ ~ 
- ~ MAGN E:"i\G. N~f H j If\ (fl/1'1) 

~ 

v~ 
V.) 

~ 
IJE;:t.o 

~~ v~PC.D RJJe~ : Pole 

~NsN I 3511_ o3:J}_ ~ r'Si.S' ~ 
/t!l.~f't I 

" w "' ~~ .J ... 

"0 4'iJ ojc, ,~ " l( It.__'*- If )( r ,. 
..2_/,."';03-al " ~~~ 

. .. ,. "( 
~~ 

1:1'\ 1/l.d.f I ~ 2. /(S.S/ ---1 
3 ~ ~ ~ J"~(jz' 

Pole.. 

X'·"· 
N 

j 
Pole... I sKETcH 

DA I :::~.1959 
I'IIEPL&CIEI D& FOI'IMI ltll 
&,.D 1 .. 0. I II'IE. 17. WHICH 
&AlE o•IOLIETI:. 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
Por u•• of lhl• for111, ••• TM 5-2171 the ,,,..._, 

'""'' I• U,J.Contllltlntol A.., c-1111. 
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COUNTRY TYPE oF MARKConcrete STATION 

J VU.fS 2 
U.S.A. monument with disk )am Neck Rifle Ran2e Pro fi 1 e lin~ 6 
LOCALITY STAMPING ON MARK AGENCY !CAST IN MARKS! ELEVATION 1FT I 

Virginia Beach, Va. PRO 6-2 1 Il'-1S-CERC 22.43 .J~ 
LATITUDE LONGITUDE DATUM DATUM 

36° 47' 51.6" 75° 57' 44" North America 1927 l'ofSL 
(NORTHINGIIEASTINGI IFTJ IEASTINGIINORTHINGI IFTI GRID AND ZONE ESTABLISHED BY (AGENCY! 

2742999.56 E -Kif- 179040.97 f\ -eMI- Lambert-Va. South Freeman and Johnson 
INORTHINGIIEASTINGI IFTI IEASTINGJ(NORTHINGJ IFTI GRID AND ZONE DATE I ORDER 

IMI IMI IAnri 1 1 Q7f. 'irl 
TO OBTAIN GRID AZIMUTH, ADD 

. 
TO THE GEODETIC AZIMUTH 

TO OBTAIN GRID AZ. IADDIISUB.I 
. TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION GEOD. DISTANCE GRID DISTANCE 
OBJECT IGEODETICIIGRIDI 8ACK_AZIMUTH IMETERSI IFEETI IMETEASI !FEET! IMAGNIETICI . . . . I 

~ Nar 70 ScAl-F 
R I fie.. "R,qN~e_ ~ 

J:l ~ ,. 'Jit~R~ct ?/1'1) ~~ ~ 
~ ,_~ .~·~ "'I' 
~ 0 lll~if7 

i -~--

BllT SIRFET ll/e ~016~ 
" 7f·O' I 

VEFciJ fbi n, J7 ~c.D. , 

e -~~~.a, d.tJJ9 .,2,. Ofl9.dJJI I -..1 JI"Y ·..3b· 
3 17Cf,(,fi 75,85 -~ 

~ 

I j(~ 
9D· 

~61 ~~ 

DA , ::~~.1959 

V1~5 
Pole 

REPLACEI DA F"D .. MI IIIII 
A~D 1110, I 11'1[8 117, WHICH 
AlliE OBIOLI:TR. 

£uoDD 
S-r.IIK£ 

~ 
H 

!SKETCH 

J 
DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 

Pcw u11 ef thl1 fom, ••• TM 5-237, the ,.,,......, 
o .. ncr le U.S.Contlnentol A-, c--114. 
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TO OBTAIN 

TO OBTAIN 

OBJECT 

DA, ::~~.1959 

Va. 

TYPE OF' MARK 
Concrete 

monument with disk 
STAMPING 0111 MARK 

PRO 7-2 
LONGITUDE 

75° 57 1 8.7" 
CF'TI CEASTINGIINORTHINGI 

.JK\- 167999.80 r-< 
CF'TI IEASTINGIINORTHINGI 

IIIII 

STATION 

.am ~eck Drone La 
IAGENCY ICAST IN IIARKSI 

VI~1S-CERC 
DATUM 

North Americ-a 1927 
IF'TI GRID AND ZONE 

-~ Lambert-Va. South 
IF'Tl GRID AND ZONE 

IIIII 

GRID AZIMUTH, ADD 

VH-15 2 

GRID AZ. IADDIISUB.I TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION 
IGEODETICIIGRIDI 

N 
BACK_AZIMUTH 

7D £ ot CHiNINfY 

GEOD. DISTANCE GRID DISTANCE 
IME TERSI IF'EETI IMETE!IIISI IF'EETI 

CN 131.4 iJdiNq buTCH 

::~L~:~0~ 11 °.,"1E~01~~~~~:~ DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
ARIE OBIOLIETI£. Fer Ull of lhl1 fnnn, Ill fM 5-2371 tho Jlfl,.....t 

... ncr •• u.s.c ...... - .... .., c--·· 
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COUNTRY TYPE 01" MARK STATION . 
Concrete 

B I Prof· 1 vpts 2& _li_S A \\"i th disk lb.:n ~eck South oun( :lTV ci ~e _inc 
LOCALITY STAMPING ON MARK AGENCY ICAST I_N MARKSI ELEVATION 

CI"TI 

Virs!inia Beach Va PRO 8-2 vnf~:;_rJ='Qr 15 56 _IJ1( 
LATITUDE LONGITUDE !DATUM DATUM 

36° 45' 38 I" 75° 57' 0 5" !X_o:rth AmPri ea 1 92i ~SL 
CNORTHINGIIEASTINGI CI"TJ CEASTINGIINORTHINGI CFTI GRID AND ZONE ESTABLISHED BY CAGENCYI 

2746895.63 E -C)t~ 165637.64 :'i u+i Lambert-Va. South Freeman and Johnson 
CNORTHINGIIEASTINGI CFTJ CEASTINGIINORTHINGI CFTI GRID AND ZONE DATE ,I ORDER 

IMI CMI _Anril I 976 3d 
TO OBTAIN GRID AZIMUTH. ADD 

. 
TO THE GEODETIC AZIMUTH 

TO OBTAIN GRID AZ. IADDIISUB.I 
. 

TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION 
GEOD- DISTANCE GRID DISTANCE 

OBJECT IGEODIETICIIGRIDI 8ACK_AZIMUTH 
IMAGNETIC:I 

CMETER!H CI'EETI IMETEASI CI'EETt 

0 . 0 . 

' n t of 

~ 
~A6N£"TIC. /i()~·TII 

w .. r~N.(' ('1/111) 
Ntrr TD 

SC-ALe:-

'-1 _, .. "' I '" _'I. \. "" --::- .~ .. :15 ° ..sv' HS:7~ 2 09f'DQ.al "'.1. 3 ~·9'1' ~ 

\ ~:~0 
~ 
~ 

~- I 
\S\: -I 

• w' \ \ 
~ 1li' • \'o .ndd 
' rT»-t.' I 

~ ~ 
~&PUJ OM ~ 
PoL.£' I i] ~~ VEPco 

""' 
/4'JLF 

., ~ "' 
5 Ar .fiDDLER 

-I 
•c;.:z.LJVIN&'1 

11-~aoS' 
s,q!ff!i!'Jf£A.. 

DA , :~~~_.1959 AEPLACEI DA FOAMI 1111 
AND 1110. I ..-~:a 17. WHICH 
AltE OBIOI.ETE. 

/0 .... :l..:U~ 

~~~~~ 

~ if "" 
~ 

.)> N 

-i=JR..ii" tJ 
J 

#ytJM,.,I 

l SKETCH 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
,., uae of lhl1 fer111, ••• TM 5-237; the pre,_...t 

• .. ncr I• U.S.C~~ntlnen .. l A.., c--~~~~. 
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COUNTRY 

U.S.A. 
LOCALITY 

Virl!inia Beach 
LATITUDE 

36° 42' 59.8" 
INOATHINGIIEASTINGI 

2752298.01 E 
INORTHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

Va. 

IF'TI 

TYPE oF MARK Concrete 
monu~ent with disk 
STAMPING ON III!AFiK 

PRO 9-3 
LONGITUDE 

75° 55' 59.5" 

!STATION 

1-sandbridJre Profile 
I AGENCY ICAST IN MAAKSI 

! VH-15-CERC 
iDA TUM 
I 
i ~orth Ai:lerh:a 1927 

IEASTINGIINOATHINGI lf'Tl IGRID AND ZONE 

-OtU- 149772 42 :\ .JIJC.I- Lamoert-Va South 
IF'TI IEASTINGICNORTHINGI IF'TI GRID AND ZONE 

(M) IIIII 

GRID AZIMUTH, ADO 
. 

GRID AZ. IADDIISUB.I 
. 

line g 
ELEVATION 

10.55_ 
DATUM 

~1SL 

IF'TI 

JYJ-

ESTABLISHED BY IAGENCYI 

Freeman and Johnsm 
DATE I ORDER 

Anril 1976 3d 
TO THE GEODETIC AZ•MUTM 

TO THE GEOOETIC AZIMUTH 

AZIMUTH OR DIRECTION 
IGEODE"T ICIIGRIDI 

GEOD. DISTANCE GRID DISTANCE 
BACK AZIMUTH 

(Mi;TEASI IF'EETI IMETEASI IF'EETI 
~----------------+---~~M~I,A~I'G=IN~E;T~'II~Ca~.--~---.---~--~.~+--------------+-------------i 

lt'Q' ~~ 

~ 
.... 

~ 

T ~ 
~~Q 

I qo~ !f.~~ 3t!, ..___ 

~= .... ~ ,. 

DA I :::~ •• 1959 

I 

I Plk~ LA AIL: 

No-r ro sc~L£ 

IJEPGO 
Q. 

PoLE:': ~ D 'b~~ll '0 

" tl< 

D ' 
~ 
u 

1' fli~~~G--(3/Tl) ~ 
~Uo.Jg I 1\j 2.. ofl~0:3g' 

.1. ~ ... _ 
~J'/.6' ~ 7 'HJ.3' 

,_ 

H~'\? 
p Ll II. 

1-\ n ("_ 

' 

& J 
.~, ~ 

~ 0 
"""" 

b \~· ~ 
Li:: N 

~ D J VE~ I ~ ,:bl. 

ISICET 

11oF~'" H 

AEPI.ACEI DA F'DAMI 1111 
AND 1 .. 0, I "1:8 17, WHICH 
AAII DBIOI.IITII. 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
F• 1111 ef lhle fenn, ••• TM S.237J the ,,,...._, 

• ..... , •• u.s.c ............ , .. .., c--•· 
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COUNTRY 

U.S.A. 
LOCALITY 

TYPE oF MARK Concrete 
monument wit d's 
STAMPING ON MARK 

STATION Little Island Recreation 

Va. PRO 10-2 

2755115.52 E 
INORTHINGJIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

LONGITUDE 

75° 55 I 30 • 0'' 
IFTJ IEASTINGJINORTHINGI 

-~- 141780.54 ~ 
IFTI IEASTINGJINORTHINGI 

IMI IMI 

GRID AZIMUTH, ADD 

GRID AZ. IADDIISUB.I 

AZIMUTH OR DIRECTION 
IGI!ODETICJIGRIDI 

N 
Bft:K AZIMUTH 

TO THI! GEODETIC AZIMUTH 

GI!OD. DISTANCE GRID DISTANCE 
IMI!TERSI IFI!ETI IMI!TI!RSI IFEETI 

PIIR}(J/VG 

0 
V PCD 
p L~ 

n 
DA I :::~.1959 

REPL.ACE• DA FORMS 1111 
ANO 1110, I 11'1:8 17, WHICH 
&RI: OBIOLI:TI:. 

SKETCH 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
Por u•• of lhle fenn, '" TM ~237, the ,,,......, 

•l'ncr II U.I.CIIItl-•1 A,., C-1111. 
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COUNTRY 

U.S.A. 

TYPE OF MARK 
Concrete 

monument wi tr. disk 
STATION Back Bay National Wildlife Refuge 
Profile line 11 VTMS ·2 

ELIEVATION 1 STAMPING ON MARK IFTI 

Virt!inia Beach. Va. IPRO 11-2 VI~1S-CERC 20.27 .J9(L. 
~L~A~T~IT~U~D~E~~~~~~~--~L~O~N~G~IT~U~D~E~--------------~D~A~T~U~M~~~---·--------~D~A~TU~M~----------~~-1 

LOCALITY AGENCY !CAST IN MARKS! 

36° 40 1 49.2" 75° 55' 0.7" ! t\orth America 1927 t-1SL 
INORTHINGIIEASTINGI (FT) IEASTINGIINORTHINGI IFTI jGRID AND ZONE 

.JMLi Lambert-Va. South 

ESTABLISHED BY IAGENCYI 

Freeman.and Johnson 2757446.68 E 
INOATHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

V£PCD 
-~ 

Pori 

DA I ::~~ •• 1959 

-~- 136697.33 ~ 
IFTI IEASTINGIINORTHINGI 

IMI 

IFTI GRID AND ZONE 

IMI 

GRID AZIMUTH, ADO 
. 

GRID AZ. IADDIISUB.I 
. 

DATE I ORDER 

Aoril 1976 3d 
TO THE GEODETIC AZIMUTH 

TO THE GEODETIC AZIMUTH 

GEOD. DISTANCE GRID DISTANCE 
AZIMUTH OR DIRECTION· 

IGEODETICIIGAIDI 
IMAGNII!TII:I 

BACK AZIMUTH 
UIETERSI IFEETI IMETERSI IF'EETI 

vuns. Pol-t 
(" 

-3 

VIMS 
Poi£ 

D7S~3 1 

11/.:1.1, >Ei 2 

I SKETCH 
AEPLACEI DA FOAMI 1111 
AND 1110, 1 11'1:11 S7, W>41CM 
ARil OBIOLilTil, 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
For u .. of lhl1 lo1111, ••• TM S.237J tho pro,_..t 

opncr l1 U.!I.C011tl11011tel Anar C--11111. 
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COUNTRY TYPE OF MARK 
Concrete 'STATION Back Bay !\ational Wildlife Refuge 

U.S.A. momu:~t with disk . Profile line 12 VDIS., 
LOCALITY STAMPING ON MARK IFTI 

Vir!'inia Beach Va PRO 12-2 
!AGENCY ICAST IN MARKSI 

VHIS-CERC 
'ELEVATION 

18.42 --f~-

LATI1"UDE 

36° 40' 11. 8" 
INORTHINGIIEASTINGI 

2759159.17 E 
INORTHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

DA I ::~~ .• 1959 

LONGITUDE 'DATUM DATUM 

75° 54 1 America 1927 t-ISL f 
40.9 01 • North 

IFTI IEASTINGIINORTHINGI CFTI jGRID AND ZONE ESTABLISHED BY IAGENCYI 

- u.K- 132963.37 N ~tb-i Lamhcrt-Va. South Freeman and Johnson 
1FT I IEASTINGIINORTHINGI IFTirRID AND ZONE DATE I ORDER 

IMI IMI A·">ril 1976 3d 
GRID AZIMUTH, ADD 

. 
TO THE GEODETIC AZIMUTH 

GRID AZ. IADDHSUB.I 
. 

TO THE GEODETIC AZIMUTH 

AZIMUTH OR DIRECTION 
IGEODETICIIGAIDI 

__!_MAGNETIC! 
D I . 

AE .. LACES DA FOAMS 1 .. 1 
AND 1110, I fi"I:B 17, WHICH 
AAI: OBSOLI:TI:, 

GEOD. DISTANCE GRID DISTANCE 
BACK_AZIMUTH • IMETERSI IF"EETI IMETEASI IFEETI . . 

; 

SKETCH 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
f'or u•o of lhl• fonn, ••• TM 5-237; tho,.,,,......, 

'""'' •• u.s.c ............ , .. ..., c-1111. 
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COUNT A , TYPE oF MARKConcrete 

U.S.A. 
LOCALITY ELEVATION 

Virginia Beach, Va. PRO 13-2 VI~1S-CERC 20.01 
1FT I 

-..(tb-
LATITUDE 

36° 39' 35.5" 
CNOATHINGIIEASTINGI 

2760833.59 E 
INOATHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

VePc.oE poL 

LONGITUDE 

75° 54' 21. 6" 
IFTI IEASTINGIINOATHINGI 

-~- 129334.02 ~ 
CFTI IEASTINGIINOATHINGI 

Ull 

DATUM DATUM 

I :\orth Ame:rica 1927 ~fSL 
IFTI .GRID AND ZONE 

~M~' Lambert-Va S 
IFTI"GAID AND ZONi!: 

IMll 

ESTABLISHED BY IAGENCYI 

GRID AZIMUTH. ADD TO THE GEODETIC. AZIMUT•" 

GRID AZ. IADDIISUB.I TO THE GEODETIC AZIMUTH 

AZIMUTH OA DIRECTION 
IGEODET ICICGAIDI 

M N T 

V//11~ 
pi)LE 

OOEPLACI:I OA 11"010 .. 1 1111 
AND 1110, I P"l:. 17. WHICH 
A"l: O.IOI.IlTil. 

BACK AZIMUTH 
GEOD. DISTANCE GAID DISTANCE 

IMETEASI IFEETI IMETEAII IFEETI 

57.91 , 

I sKETCH 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
l'or ueo of lhl1 lor111, ••• TM S.2J71 the,.,,......, 

• ..... , •• u.s.c ............ , ".., c--•· 
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-COUNTRY TYPEOFMARKConcrete STATIONBack Bay National Wildlife Refuge 
U.S.A. monument with disk P-rnfi 1 p 1 i nP , A VI~~s 2 
LOCALITY STAMPING ON MARK AGENCY CCAST IN MARKSI ELEVATION 

CFTI 
Virginia Beach, Va. PRO 14-2 VD-15-CERC 9.76 -4N~o--
LATITUDE LONGITUDE DATUM DATUM 

36° 39' 13.7" 75° 54' 11.4" 1'\orth America 1927 ~1SL 
I NORTH INGIIE AST INO I 1FT) IEASTINGICNORTHINGI CFTI GRIO AND ZONE ESTABLISHED BY 1<\GENCYI 

2761720.30 E liott- 127152.12 N -dh-i Lamhert-Va. South Freeman and Johnson 
INORTHINGIIEASTINOI 1FT I IEASTING)INORTHINGI IFTI GRID AND ZONE DATE I ORDER 

IMI IMI Anril 1976 3d I 
TO OBTAIN GRID AZIMUTH. ADD 

. 
TO THE GEODETIC AZIMUTH • 

TO OBTAIN GIUD AZ .. IADDIISUB .. I 
. 

TO THE GEODETIC AZIMUTNI 
AZIMUTH OR DIRECTION 

OEOD .. DISTANCE GRID DISTANCE ~ 
OBJECT IOEODETICIIGRIDI BACK AZIMUTH 

IMETER!U CP'EETI IMETERSI IFEETI IMAGNETICI . . . . 

,~ I/ IT T~ SCAl-E 
j 

' 
WDOO 

VllnS Po~£ ~ S"rlt 1<£ 

~ 

_,{, 
-I' 

J; bO . 
"<115"-~ ... 

""r-

~ ~ 
\) 

'II ~ j 

-¥ 
~S"'/-Ds-f 

~ ~ ~ ~ '-A 
~ 

/S"i • /,It, I 
~· 2 ~ 3 \) 

~ 

~I ~ 
·cr~ 

-<::1 ~ ..... "" I ~\~c~l ;: ~ 
~ ~~ 

0 u . .......... 
~ - ... 

~ -... 

~ . 
~ Ulo.oD 

N 

' 

J 
5TAJr£ 

jf" 

r- I SKETCH 

DA I ::~~.1959 
REPI.ACEI DA FDRMI 1 .. 1 
A .. D 1110, I 1"11:8 17 .. WMICM 
ARIE 0810l..IETIE .. 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
,., Ult ....... '''"'· ••• TM 5-237, tht .... ,....... 

• ..... , 11 u.s.c ... 1 ............. , c-•· 
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COUNTRY TYPE oF MAAKConcrete !STATION Back Bay ~ational Wildlife Refuge 

U.S.A. monument with disk South Boundarv Profi 1 e 1 i nP 1 S V n.ts ., 
LOCALITY STAMPING Olol NARK ! AGENCY ICAST IN IURKSl ELEVATION 

IFTl 

Virginia Beach, Va. PRO 15-2 : VU!S-CERC 12.47 --c.u-
LATITUDE LONGITUDE IDATUII: OAT UN 

36° 37' 50.7" 75° 53' 31.2" ~ ~orth Arr.erica 1927 t--1SL 
INOATHINGliEASTINGl 1FT) IEASTINGliNORTHINGl IFTI !GRID AND ZONE ESTABLISHED BY IAGENCYl 

2765228.19 E ~- 118 85 7. 9 3 i\. -ctb-1 Lambert-Va. South Freeman and Johnson 
INOATHINGliEASTINGl IFTl IEASTINGJINORTHINGl IFTJIGRID AloiD ZONE DATE 1 OADER 

1111111 1111111 i Anril 1976 3d 

TO OBTAIN GRID AZIMUTH. ADD 
0 

TO THE GEODETIC: AZIMUTH 

TO OBTAIN GRID AZ. IADDIISUB.I 
. 

TO THE GEODETI-;: AZIMUTH 
AZIMUTH OR DIRECTION 

GloOD. DISTANCE GRID DISTANCE 
OBJECT IGEODETICIIGRIDI BACIC_AZIMUTH 

IMAGNETICl INE"rEASl I FEET! IMETEASI IFEETl 

0 , II 0 II 

No+ -lo Sc.~t la 

W«)D A1A6/JETI C. 
St1flf.E 

1f\ f/DRTH (8}7'1) 
~ ~ 

~~ \J 
or.~ .. ~ .. ~ 

~J,fl DJb .I 0~~7~ £5" 1 ~~~~;1 ~ 
9( 

IJ.h.77' ;J 

,&3.71 1 

3 I 

~ 1 I , D 

Woota ~4' ~ sr,.tt= ~ I 
~ 

I 
.qfb. 

!b~,?D 
I 

~ 
Vll'i~ N 

Poll!!" j 
I SKETCH 

DA , :::~ ... 1959 
REPLACE& DA FORM& 1111 
AND 1110. I "1:8 17. WHICH 
Alii I: 0810LII:Tit. 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
Par u11 of 11111 fonn, 111 TM 5-237, the pr1p1111111 

epncr l1 U.I.CCIIItl-101 A.., c--~~~~. 
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U.S.A. 
TYPE oF MARK Concrete 
monument with disk 

STATIO 
False Cape State Park Profile 
line 16 VIMS 2 

LOCALITY STAMPING ON MARK 

Virginia Beach, Va. PRO 16-2 
LATITUDE 

36° 35' 21.8" 
CNORTHINGIIEASTINGI 

2770041.24 E 
CNOATHINGIIEASTINOI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

3 

VEPco 
PDLE 

LONGITUDE 

75° 52' 37.3" 
CFTI IEASTINGIINORTHINGI 

IMI- 103927.28 N 
CFTI IEASTINGIINORTHINGI 

IMI 

AZIMUTH OR DIRECTION 
CGEODETICICGAIDI 

N 

DA PORM 1959 RE .. LACES DA FORMS .... 

I OCT~· ::~ ~·::o~ll.~ 17, WHICH 

AGENCY CCAST IN MARKS! ELEVATION 

VI!'--15-CERC 23.32 
DATUM DATUM 

I 

CFTI 

-I .C)-

' ~orth America 1927 MSL 
ESTABLISHED BY CAGENCYI 

South 

BACK_AZIMUTH 
GEOD. DISTANCE GIIIIID DISTANCE 

IMETERSI CFEETI IMETEIIISI IP'EETI 

IS3.7~ 

SKETCH B 
DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 

Pew use of lhla form, ••• TM 5-237; the cwo,....t .,. .. c, •• u.s.c ..... - .... A,., c--nc~. 

174 



COUNTRY 

U.S.A 
LOCALITY 

TYPE oF MARK Concrete 
monument \d th disk 
STAMPING ON MARK 

!sTATION False Cc.pe State Park Profile., 

ELEVATION 

Vir inia Beach Va. PRO 17-2 VniS-CERC 23.79 
LATITUDE 

36° 34 I 18, 6" 
INORTHINGliEASTINGI 

2771431.53 E 
INORTHINGHEASTINOI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

DA I :::~_.1959 

LONGITUDE 

75° 52' 22.4" 
IFTI IEASTI'fGli"'ORTHINGI 

-Hft- 97563.51 :\ 
IFTI IEASTINGIINORTHINGI 

IMI 

DATUM DATUM 

i l\orth America 1927 ~ISL 
IFTI _GRID AND ZONE 

-~~h-i Lambert-Va. South 
ESTABLISHED BY IAGE"'CYI 

Freeman and Johnson 
ORDER 

GRID AZ. IADDHSUB.I 

AZIMUTH OR DIRECTION 
IGEODETICliGRIDI 

M N T 
BACK. AZIMUTH 

GEOD. DISTANCE GRID DISTANCE 
IMETERSI IFEETI IMETERSI IFEETI 

~'f'!,s1 p,J .. 
·t 

~~~~--~~~~~~-~ 

REPLACitl DA FORMI IIU 
AND 1110, I .. liB 17, WHICH 
APIIE OBIOLIETIE, 

j_ 

SKETCH 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
Pw u1o of thle form, 11>o TM ~237, tho ..,.,....., 

... ncr •• u.s.c .......... l • .., c--~~~~. 
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TYPEOF'MAAKCOncrete 

monument with disk 

COUNTRY 

U.S.A. 
sTATIONVirginia-~orth Carolina State line 

-Profile line 1. \ ? 
LOCALITY STAMPING ON MARK AGENCY ICAST I~ MAAKSI ELEVATION 

Vjr inia Beach Va. PRO 18-2 I VH.IS-CERC 26.80 
IF'TI 

;v&l-
LATITUDE 

36° 33' 2.9" 
INORTHINGIIEASTINGI 

2772859.84 E 
INOATHINGIIEASTINGI 

TO OBTAIN 

TO OBTAIN 

OBJECT 

VEPc.l> 
Pol¥ 

/ 

DA , ::~~.1959 

LONGITUDE 

75° 52' 7.5" 
IF'TI IEASTINGIINORTHINGI 

--- 89953.69 N 
IF'TI IEASTINGIINORTHINGI 

IMI 

AZIMUTH OR DIRECTION 
IGEODETICIIGRIDi 

N 

DATUM DATUM 

~orth America 1927 MSL 

ESTABLISHED BY IAGENCYI 

South 

IMI 

TO THE GEODETIC AZIMUTH 

GEOO. DISTANCE GRID DISTANCE 
IMETERSI IF'EETI IMETEIIISI IF'EETI 

IJACK_AZIMUTH 

KI116NETIG NCI(TH (1/7-1) 
ve.P'D P(Jl. £" 

RAMp 

/ 

I 
AE"LACEI DA FOAMI 11!1 
A"'D 1110, I 11'11:. 17, WHICH 
AlliE o•IOLI:TI:; 

SKETCH 

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION 
For u•• of lhl1 for111, ••• TM 5-237; tho..,.,....., 

... ncr l1 U.S.C ... Inontal A.., c--~~~~. 
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APPENDIX H 

WAVE OBSERVER HISTORY 

Appendix H contains the months data were received from wave 
observers. 
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Wave Observer History 

1 9 7 4 1 9 7 5 
:\arne of Code 

observer number 1 July Aug. Sept. Oct. Sov. Dec. Jan. Feb. ~ar. Aor. May June July Aug. Sept. Oct. Xov . Dec. 

Willis 2.1.0 
. 

X X X X X 

Kelch 2.2.0 X 

Byrd 3.1.0 X 

Keeley 3.1.1 X X X X X 

Gilliland 4.1.0 X X X X X 

Gilbert 4.2.0 X X X X X X X X X X X X X 

Tarver 5.1.0 X X X X X X X X X X X X X X X 

Jones 5.2.0 X 

Seith 6.1.0 X X X X X 

Fields 6.2.0 X X X X I X X X X X X 

McLamb 6.1.1 X X X X X 

Klise 6.2.1 

Smith 7 .1.0 X X X X X 

Fields 7.2.0 X X 

I 
X X X X X X X X 

Bichner 9.1.0 X X X X X X X X 

lsee Figure 2 for location of wave observer. 



Wave Observer History--Continued 

1 9 7 6 
Name of Code 

observer number Jan. Feb. ~r. Apr. ~1ay June July Aug. Sept. Oct. Nov. 

Willis 2.1.0 I 
I 

I i I I 

Welch 2.2.0 

I 
I I I I 

Byrd 3.1.0 

I I I I I I Keeley 3.1.1 I I 
I 

I 

I 
I Gilliland 4.1.0 

Gilbert 4.2.0 X X X X X X X X 

I 
X X X 

Tarver 5.1.0 

I 
I 

Jones 5.2.0 X X X X X X X X X 

Smith 6.1.0 

I I Fields 6.2.0 X I 
I I I I I I I I I 

~Lamb 6.Ll I I I I I I I I I 

Klise 6.2.1 X X X X X X X X 

Smith 7 .1.0 

Fields 7.2.0 X X X X 

Bichner 9.1.0 



APPENDIX I 

SHORELINE k~D CROSS-SECTION C~~GES 

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 profile 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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Change in I Change in Days between 

\ (yr) 

74 
74 
74 
iS 
75 
75 
75 
iS 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
76 
76 
76 
76 
i6 
76 
76 
76 
76 
76 
76 
76 

74 
74 
74 
75 
75 
75 
75 
75 
75 
75 
~ .5 
75 
75 
75 
75 
75 
75 
75 
75 
75 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 

Date 

(no) 

10 
II 
12 

I 
2 
3 
3 
3 
4 
5 
6 
7 
i 
8 
9 
9 

10 
II 
II 
12 

1 
2 
3 
3 
5 
6 
7 
8 
8 
9 

10 
11 

10 
11 
12 

1 
2 
3 
3 
3 
4 
5 

8 
9 
9 

10 
II 
II 
12 

I 
2 
3 
3 

(c!) 

10 
8 
4 
9 

II 
10 
15 
20 

7 
5 
6 
I 
9 
6 
3 
9 

15 
12 
25 

9 
5 

12 
8 

12 
3 
9 
6 
2 

10 
3 
5 
4 

11 
8 
4 

9 
II 
1() 
15 
20 

7 

5 

5 
3 
8 

IS 
12 
25 

9 

12 
8 

12 

MSL shoreline cross-sectional area 
· between survevs between surveys 

(ft) • : (ft2) 

I 

I 

Profile 

4.19 
-47.85 

12.39 
28.53 

7.47 
-1.38 

-12.33 
1.63 
0.88 

12.82 
18.38 
-7.10 
-3.49 
s. 37 

-6.41 
9.97 

-8.00 
-:5.39 

9.20 
-3.80 
18.72 

7. 94 
2. 39 

-10.53 
26.64 
42.60 

9. 27 
-23.94 

37.02 
-38.16 
-32.57 
23.65 

Profile 

39.01 
-31.63 
-2.40 
22.88 
46.33 
13.42 

-39.35 
-26.17 
28.03 
-4.86 
12.9::. 

-34.13 
9. 33 

-2.20 

line 01 

I. 
! 
I 

I 
I 
~ 

I 
I 
I 

·I 

line 03 

I 

-!1.61 
-81.78 
- i2. 22 

13.25 
(l:l. 77 

-5!1. 20 
4h.!l8 
11.12 

-17.54 
-36.91 
194.84 
12{1.64 

2!1. 99 
105.15 
-38.29 

21.55 
4.00 

-87.4:1 
-54.64 
-39.32 
48.95 
63.17 
0. 76 

-4;1.97 
127.15 
1611.15 
100.86 

-102.42 
286.8() 

-189.78 
-67.49 
-31.14 

133.91 
-152.06 
-55.94 
103.67 
102.64 
-3.92 

-25.33 
-144 .i!3 

i3.Qi 
94.()9 
9::..'"" 

-240.57 
91.83 
87.24 

-28.53 -118.99 
-2.75 14.86 

-14. OS -54. b8 
15.73 -LlO.b6 

f>. 25 -197. 25 
1. 24 90.13 
0.16 -28.58 

-8.01 59.b7 
-18.67 JJ.SO 
-10.77 -11l.Oi 

7 23.21 81.97 
10 -13.15 -63.41 

3 -13.31 -37.18 
6 9 49.85 183.50 
8 2 18.57 146.97 

I 

I 

8 10 -12.52 -5.49 

10 I' 24.15 12.85 I 
11 -8.09 73.69 

NOTE.--Surveys on 760706 and 760903 did not reach MSL 
and are not included. 

surveys 

(~o.) 

29 
29 
26 
36 
33 
27 

5 
5 

18 
28 
32 
25 

8 
28 
28 

6 
36 
28 
13 
14 
~~ 

38 
25 

4 
52 
37 
27 
27 

8 
24 
32 
30 

30 
28 
26 
36 
33 
27 

5 
5 

18 
28 
31 
26 

8 
27 
29 

5 
37 
28 
13 
14 
27 
38 
25 

4 
26 
3 

23 
37 
54 

8 
56 
30 

(yr) 

74 
I 74 

I 

74 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
iS 
75 
75 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 

74 
74 
74 
75 
75 
75 
75 
i5 
75 
75 
7::. 
75 
75 
75 
75 
iS 
75 
75 
75 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
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Date 

(rno) 

10 
11 
12 

1 
2 
3 
3 
3 
4 
5 
6 
7 
7 
8 
9 
9 

10 
II 
11 
12 

1 
2 
3 
3 
4 
4 
5 
6 
7 
8 
8 
9 

10 
11 

10 
11 
12 

1 
2 
3 
3 
3 
4 
5 

8 
9 
9 

10 
11 
11 
12 

1 
2 
3 
3 
4 
4 
5 
6 
7 
8 
8 
9 

10 
11 

(d) 

1: I 
,: I 10 
IS 
20 

7 
s 
5 
I 
9 
6 
3 
9 

15 
12 
25" 

9 
5 

12 
8 

12 
7 

10 
3 
9 
6 
2 

10 
3 
5 
4 

ll 
8 
3 
9 

II 
l:l 
15 
20 

7 
5 
5 
9 
5 
3 
8 

15 
12 
25 

9 
5 

12 
6 

12 
7 

10 
3 
9 
6 
2 

10 
3 
5 
4 

I 
I 

Change in Change in Days between 
MSL shoreline cross-sectional area surveys 

l•etween surveys between _surveys 
(ft) (ft£) (No.) 

Profile line 02 

4.C3 

I 
56.49 I 30 

-9.11 -73.27 28 
-9.32 -151.83 26 
33.19 70.18 36 
-7.47 27.82 33 
12.29 9.65 27 

-12.20 -7.85 5 
-12.14 -67.44 

I 
5 

5.65 9.02 18 
1.20 25.51 28 
6.57 125.00 '31 
4.27 -127.66 

I 

26 
-5.04 184.59 8 

2.43 29.90 28 
-18.87 -142.64 28 
14.98 101.81 6 
-5.22 -1.87 36 

-13.6i -22.37 28 
3. 77. -238.63 13 

-9.36 -41.45 14 
-0.21 54. !9 27 
26.81 173.80 38 
-3.24 8.34 25 
-4.04 -28.49 4 

1.95 24.67 26 
-8.56 -75.85 3 
4.15 

I 
47.82 23 

-11.64 .-79. 54 37 
6. 74 68.41 2i 

10.04 

I 
29.84 i 27 

8.42 37.87 

I 
8 

-20.72 -60.99 24 
11.68 5.67 32 

129.81 i 233.74 30 

Profile line 04 

17.41 65.16 30 
2.59 -5.06 28 

32.61 103.40 25 
-7.81 -4.!.55 37 
23.92 26.63 33 
2. 73 -43.29 27 

-22.62 -9.05 5 
-15.92 2. 74 5 

6.:8 -22.Cl 18 
-12.93 -47.59 28 
-1:>. 29 29.66 31 
-24.47 -93.84 34 

3.06 :e. 78 27 
6.:3 -14.92 29 

19.04 76. 72· 
-12.91 -71.41 37 
-1.03 65.74 28 
ii:!. 70 86.44 13 

-16.44 Ill. 57 14 
-8. 5i 33.51 27 

-16.85 -26.03 38 
-35.61 -148.16 25 

24.49 61.47 4 
3.31 78.77 26 

-10.28 -148.35 3 
-16.81 -11.78 23 

38.00 8.93 37 
-63.59 -149.24 27 
-18.20 -101.75 27 

21.28 13.62 8 
57.30 157 .·75 24 

-22.97 24.73 32 
34.67 205.94 30 



Change in Change in Days between Change in Change in Days between 
Date MSL shoreline cross-sectional area surveys I Date MSL shoreline cross-sectional area surveys 

(yr) 
between surveys between surveys : between surveys between surveys 

(mo) (d) (ft) (ft 2 ) (No.) l (yr) (mo) (d) (ft) (ft 2 ) (No.) 

Profile line OS 
i Profile line 06 ; 

74 10 11 8. 33 100.-75 30 ! 74 10 1~ I 11.31 19.36 30 
74 11 7 -0.73 -39. so 27 74 11 -21.17 -94 .!14 28 
75 1 8 -9.27 -170.39 62 74 12 4 I 4.81 -40.97 26 
75 2 11 2.42 50.02 34 75 1 9 

I 
26.84 -10.13 36 

75 3 10 7.85 13.52 27 75 2 10 10.53 44.45 32 
75 3 15 9.83 ; 8.63 5 75 3 10 -9.83 -9.89 28 
75 3 20 -40. 86· -108.67 5 

l 
75 3 15 -8.92 31.35 5 

75 4 7 44.17 tO. 71 18 75 3 20 -15.20 -17.63 5 
75 ·5 5 -18.78 3.84 28 75 4 7 -4.29 -91.10 18 
75 6 5 -5.42 76.80 31 75 5 5 14.68 51.52 28 

75 7 1 28.80 -53.29 26 75 6 5 11.96 144.73 31 

75 7 9 -21.81 106.17 8 75 7 1 1.50 -104.38 26 
75 8 5 -1.77 -33.51 27 75 7 9 -1.85 116.00 8 

75 9 3 6.37 -34.24 29 75 8 5 0.61 23.94 27 

75 9 8 -2.40 8.86 5 75 9 3 4. 72 -85.77 29 

75 10 15 -17.73 22.14 37 ! 75 9 8 -5.25 40.19 5 
75 11 12 19.83 30.73 28 ; 75 10 15 -25.15 -133.12 37 
75 11 25 -10.35 -161.44 13 ! 75 11 12 -9.58 14.74 28 
75 12 9 -11.60 9.33 14 75 11 25 0.84 -196.20 13 
76 1 5 31.20 54.76 27 75 12 9 -7.07 55.54 14 

76 2 12 2.32 118.19 38 76 1 5 9.61 -56.36 27 

76 3 8 16.58 59.85 25 76 2 12 14.19 20.88 38 
76 3 12 -16.53 -131.92 4 76 3 8 -33.40 -64.96 25 

76 4 7 -13.38 24.83 26 76 3 12 19.10 50.06 4 

76 5 3 -14.54 -52.57 26 76 4 7 -1.28 20.68 26 
76 6 9 20.48 63.87 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 

76 8 2 -9.23 -55.78 27 76 7 6 -22.35 40.75 27 

76 8 10 29.38 -4.98 8 76 8 2 0.18 -27.69 27 

76 10 5 -7.76 55.01 56 76 8 10 11.42 24.97 8 
76 11 4 -20.70 -17.87 30 76 9 3 -18.31 -60. OS 24 

NOTE.--Surveys on 741204, 760410, and 760903 did not 
76 10 5 44.55 -31.01 32 

reach MSL and are not included. 
76 11 4 -9.25 185.18 30 

!«)TE. --Survey on 760410 did not reach MSL and is not 

li included. 

Profile line 07 I Profile line 08 

74 10 11 -8.33 14.50 30 74 10 10 

I 
-0.32 17.24 ! 29 

74 11 8 32.24 87.54 28 74 11 7 -6.08 -50.04 28 
iS 1 9 -11.79 -146.87 62 74 12 3 54.62 31.29 26 
75 2 10 17.82 19.50 32 75 1 8 0.68 -54.49 36 
75 3 10 -7.66 -5.66 28 75 2 10 -3.73 24.69 33 
75 3 15 -7.94 -2.91 5 75 3 10 5.07 4.29 28 
75 3 20 -7.32 -58.39 5 75 3 15 -26.67 -83.22 5 
75 4 7 -20.60 -62.04 18 75 3 20 1.03 -70.62 5 
75 5 5 9.58 82.22 28 75 4 7 -13.01 63.74 18 
75 6 5 20.05 127.16 31 75 5 s 29.50 lSI. 73 28 
75 7 1 -24.63 -159.39 26 75 6 5 3.60 209.55 31 
75 7 9 9.00 181.65 8 75 7 1 -5.88 -425.79 26 
75 8· 5 16.50 66.55 27 75 7 9 -13.65 355.68 8 
75 9 3 -26. so -115.50 29 75 8 5 8.33 13.83 I 27 

75 9 8 38.67 103.48 5 75 9 3 -29.55 -157.98 29 
75 10 15 -38.19 -10.82 37 75 9 8 14.96 40.97 5 
75 11 12 10.09 -21.15 28 75 10 15 -6.07 109.23 37 

75 11 25 6.43 -175.51 13 75 11 12 8.99 -7.41 28 
75 12 9 6.50 0. 78 14 75 11 25 9.09 -105.03 13 
76 1 5 6.83 110.61 27 75 12 9 -20.37 -91.15 14 

76 2 12 -1.17 21.50 38 76 1 5 -2.47 -73.79 27 

76 3 8 I -1.35 47.72 I 25 76 2 12 21.23 74.52 38 

76 3 12 I -10.33 -71.97 I 4 76 3 8 -12.24 -1.79 25 

76 4 7 0.19 25.78 26 76 3 12 -16.10 -53.03 4 

76 5 3 -11.17 -5.24 26 76 4 7 -7.50 I -46.08 26 

76 6 9 24.81 -42.26 37 I 
76 5 3 -3.73 -0.32 26 

76 7 6 8.31 64.90 27 76 6 9 8.66 40.17 37 

76 8 2 -29.62 0.09 27 76 7 6 6.81 152.49 27 

76 8 10 19.74 70.72 8 I 76 8 2 -9.07 -22.28 27 

76 9 3 -12.03 19.52 24 I 
76 8 10 26.64 14.61 8 

76 10 s 23.95 -38.53 32 76 10 s -31.50 -102.66 56 

76 11 4 -21.67 2.88 30 76 11 4 36.34 43.44 30 

NOTE.--Surveys on 741204 and 760410 did not reach MSL NOTE.--Surveys on 760410 and 760903 did not rea.:h MSL and 
and are not included. I 

are not included. 
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I Change in Change in Days between Change in I Change !n Days between 

Date i MSL shoreline cross-sectional area surveys Date MSL shoreline ; cross-secuonal area surveys 

between surveys between surveys betw•!en surveys ; between surveys 

(yr) (r.IO) (d) (ft) (ft 2} (No.) (yr) (f.IO) (d) (ft) I (ft 2) (No.) 

Profile line 09 Profile line 10 

74 10 10 I -1.79 -1.59 28 ! 74 10 10 -1.83 I -5.80 28 
74 li i -2C. 30 -58. 78 28 i4 11 7 -8.57 -48. 20 28 
74 12 3 10.77 -73.28 26 74 12 3 33.87 43.72 26 
75 1 8 15.03 52.93 ~f. 75 1 8 5.03 36.71 36 
75 2 10 8.38 -55.95 :n 75 2 10 -S.OC -112.56 33 
75 3 l:J -5.65 19·. 71 28 75 3 10 -1.59 22.48 28 
75 3 IS -12.29 -46.54 5 75 3 15 -8.00 14.07 5 
75 3 20 -10.86 10.65 5 75 3 20 -3.63 -59.45 5 
75 4 i -3.47 -45.13 18 75 4 7 -1.29 -9.88 18 
:;s 5 5 3.82 107.96 ~8 75 5 5 -2.91 48.54 28 
iS 6 5 16.CO 85.08 ~1 75 6 5 -7.80 162.38 3i 
75 7 I -2.13 -176.21 26 75 7 1 -4.34 -138.00 26 

75 7 9 -18.24 122.19 8 75 7 9 -i .00 58.35 8 
75 8 5 10.91 32.68 ~7 75 8 5 1.98 -30.25 27 

75 9 3 8. 97 -143.02 :!9 :I 75 9 3 23.68 -31.04 29 
75 9 8 -11.19 69.09 5 

:; 
75 9 8 -18.80 i0.94 5 

75 10 IS -5. i) 31.74 37 

~ 
75 10 15 -21.19 -60.89 3i 

75 11 12 -4.66 -62.35 :!8 75 11 12 7.07 34.75 28 
75 11 25 -7.71 -177.17 13 75 ~2 9 -7 .so -152.07 27 
75 12 9 -1!!.12 -42.83 14 76 1 5 32.00 93.24 27 
76 1 5 21.38 28.11 "J7 76 2 12 -4.56 75.24 "38 

76 2 12 12.40 106.03 38 76 3 8 -8.44 -34.02 25 
76 3 8 -10.67 -22.59 25 76 3 12 1.51 73.01 4 

76 3 12 -:J. 56 -68.39 4 76 4 7 7.36 108.31 26 
76 .: 7 -1 i .17 15.04 26 76 5 3 -24.57 -137.87 26 
76 5 3 13.42 28.73 26 76 6 9 22.91 23.71 37 
76 6 9 c. 56 4. 20 37 76 i 6 -14.08 -61.84 27 
76 6 16.96 100.62 27 76 8 10 :!1.07 129.86 35 
76 8 2 -11.66 -64. 37 l7 76 9 3 -38.74 -68.39 24 
i6 8 10 20.54 80.07 8 i6 10 5 60.40 -20.75 32 
i6 10 -7.31 -103.86 56 i6 11 -23.49 82.55 'O 
i6 11 -12.18 2.21 30 'lOTE.- -Surveys on 751125. 760410, and 760802 did not reach 

SOTE. --Surveys on 7604 !0 and 760903 did not reach l4SL MSL and are :tot included. 
and are not included. 

Profile line 11 Profile line 12 

74 11 53.19 56 74 10 10 7. 22 -77.04 28 
74 12 -128.Cl 26 74 11 -8.03 -5.19 28 
75 1 !! 81.30 :16 74 12 2. 78 -74.90 26 
75 2 10 -36.96 33 iS 1 8 10.38 s. 71 36 
75 3 10 -0.9:1 49.31 28 75 2 10 21.56 -36.30 33 
75 3 15 -15.87 -25.64 75 3 10 -10.40 44.70 28 
iS 3 20 -18.84 -63.05 75 3 15 -26.14 -22.61 
75 -6.35 -48.84 18 75 3 20 -7.89 -52.01 5 
75 17. i5 80.80 28 75 -9.51 -139.77 18 
iS 6. 74 75.59 31 75 5 21.40 -8.15 28 
75 -27.93 -57. so 34 75 6 14.57 248 .so 31 
75 -4.27 -56.46 li iS 7 -59.66 -431.18 34 
75 4.18 -39.45 29 iS 8 47. Ul 43:1.18 27 
75 9 14.54 51.93 5 75 9 

I 

-5.58 -42.51 29 
75 10 15 -1!1. 76 22.34 37 75 9 -3.80 li.l6 5 
75 11 12 5.5i -31.73 28 iS 10 15 -6.33 48.85 37 
iS 12 9 -24.75 -251.37 27 75 11 12 5. 30 -17.47 28 
76 5 2.62 -2.94 27 75 12 9 3.50 -113.49 27 
76 2 12 9.62 75.63 38 76 1 5 4. 99 2. 79 27 
76 3 8 20.Si 72.45 25 76 2 12 3.85 56.34 38 
76 3 12 -8.44 -114.16 4 76 3 8 -11.34 6.88 25 
76 4 7 -12.11 103.15 26 76 3 12 -0.21 40.51 4 
76 5 3 18.54 19.11 26 76 4 -3.04 14.69 26 
76 6 9 8.56 94.89 37 76 5 3 -3.71 -87.69 26 
76 7 6 2.20 52.22 27 76 6 9 35.02 59.19 37 
i6 8 2 -16.02 -124.52 27 76 7 6 -12.00 10.32 27 
76 8 10 17.28 -6.91 8 76 8 2 -10.67 9.31 27 
76 9 3 -9.70 80.03 

I 
24 i6 8 10 21.98 -14.60 8 

76 10 5 8.51 20.65 32 76 9 3 -1.34 -13.84 24 
76 11 6.66 -104.47 30 76 10 5 33.55 11.08 32 

NOTE.--Surveys on 741010, 750701, 751125, and 760410 did 
76 11 -26.04 -64.99 30 

not reach MSL and are not included. SOTE. --Surveys on 750701, 751125, and 76041 0 did not reach 
MSL and are not included. 
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Change in Change in Days between I Change in Change in Days between 
Date ~L shoreline cross-sectional area surveys Date HSL shoreline cross-sectional area surveys 

between surveys betweer: _surveys between surveys between surveys 
(yr) (tiD) (d) (ft) (ft') (No.) (yr) (mo) (d) i (ft) (ft 2) (l'o.) 

Profile line 13 Profile line· 14 

74 10 10 20.54 69.27 28 74 10 10 2.10 -32.45 28 
74 11 7 -24.81 -162.10 28 74 11 7 -7 .C6 11.98 28 
74 12 3 22.!5 -46.91 26 74 12 3 -24.56 -83.57 26 
i5 1 8 25.28 -54.31 36 75 1 8 43.02 -36.05 36 
75 2 10 -26.19 -43.04 33 "" 2 10 -3.06 -SO. 82 33 
75 3 10 -8.41 -41.27 28 75 3 10 -10.30 -42.56 28 
75 3 15 I 7.55 <!8. 86 5 75 3 15 -0.02 5.89 s 
75 3 20 -22 .so -59.84 5 75 3 20 8.28 31.06 5 
75 4 7 4.81 18.73 

I 
18 75 4 ., -4.24 6. 74 18 

i5 5 5 -10.33 24.30 28 75 s 5 -11.99 i 13.87 <!8 
iS 6 5 9.15 1:19.13 I 31 75 6 5 -8.93 91.15 31 
75 7 I -II. 10 -72.80 

I 

26 75 7 1 35.74 -50.43 26 
75 7 9 -14.91 29.86 8 75 i 9 -40.87 65.70 8 
iS 8 s 19.12 109.45 27 75 8 5 12.99 87.26 2i 
75 9 :; -7.66 18.29 29 75 9 3 -4.40 -40.66 29 
75 9 8 -10.23 -35.06 s iS 9 8 0.51 I 18.86 5 i 
75 10 15 4. !0 36.27 ; 37 75 10 15 3.90 27.02 37 
iS II 12 -15.68 -115.37 28 iS II 12 -5.28 126.63 28 
7S 12 9 !4.87 -15.92 27 75 I~ 9 -21.91 -303.79 27 
76 I s 17.94 67.12 2i 76 I s 29.16 0.88 27 
76 2 12 -9.19 41.84 38 76 2 12 -7.35 150.85 38 
76 3 8 -15.07 -54.15 25 76 3 8 27.44 60.65 25 
76 3. 12 11.40 56.28 4 i6 3 12 -37.36 -92.64 4 
76 4 7 -7.39 16.09 26 76 4 7 17.93 12.77 26 
76 5 3 - i. 22 -32.81 26 76 s 3 -19.49 . -6.29 26 
76 6 9 14.46 -61.30 37 76 6 9 29.82 68.57 37 
i6 i 6 8.60 86.98 2i i5 1 6 -6.34 -57.18 27 
76 8 10 -0.46 -38.68 35 76 8 2 -19.00 16.45 27 
i6 9 3 -13.34 45.41 24 76 6 10 24-.86 77.63 8 
76 10 5 -17.20 -108.27 32 76 9 3 -1.50 -51.82 24 
76 11 4 34.04 -16.32 30 i6 10 5 

I 
30.91 -36.01 32 

SOTE . --Surveys on i51 )25. 760410, and 760802 did not 76 11 4 -10. 7i -51.78 30 

reach MSL and are not 1n::1uded. SOTE.- -Surveys on 75112S and 760410 did not reach HSL 
and are not included. 

?rofi1e line 15 Profile line 16 

74 10 10 -16.84 28 74 10 10 137 51 26 
74 11 6.S5 21! 74 II -126.33 28 
74 12 3 !.91 26 i4 12 3 -2.1 i -136.90 26 
75 1 8 -12-95 -i 16.41 36 75 1 8 5.24 4. iS 36 
75 2 IG -33. !0 -so. 76 33 75 2 10 3.1i6 17.68 33 
75 1!! 29.88 I. 07 28 iS 3 10 -16.30 98.94 28 
iS lS -20.!16 -42. il s iS 3 iS -30.03 -5 I. 30 5 
75 3 20 2.92 ~4. 39 s 75 3 20 32.83 -20.92 5 
i;) 4 21.·1!1 -3!l.lil 18 75 -10.03 24.35 18 

--~ -19.82 -4 .6J 28 75 20.44 72.60 28 
-;s 8.97 124.39 31 7S -7.23 86.90 31 
75 -I 1.49 -101.02 26 iS 7.SO -H.05 26 
75 -n.oo 75.12 8 75 -16.82 75.85 8 

·~ 8 -10.21 66.38 27 75 5 10.69 8.28 27 
75 9 3 31.29 107.14 29 7S 3 13.79 -19.87 29 
75 9 8 2.49 2.99 s iS 9 8 -9.30 29.80 5 
75 10 ;s 9."~ ·94.l8 37 iS 10 IS -27.28 -33.66 37 
75 ll 12 8. :-.; -52. 17 28 75 11 12 27 .2i 7.40 28 
75 I! 25 38.71 3i. i~ 13 iS 11 2S -19.92 -140.44 13 
75 12 9 -32.90 -35.04 14 75 12 9 -21.28 27.17 14 
'"':~ I 5 -14.~8 -15.27 2i 76 I s 14.74 34.94 27 
76 2 12 40.33 29.69 38 76 2 12 43.76 474.Sl 38 
76 8 -28.55 -38.01 25 76 3 8 -10.09 -357.03 25 
76 ~2 13.41 10.84 4 i6 3 12 -11. i3 -25.77 4 
76 -3.23 68.64 26 i6 -3.01 26.71 26 
75 10 30.33 12.37 3 76 10 4.46 -23.41 3 
75 3 -46.26 3.29 23 76 3 -17.59 -80.94 23 
76 9 13.63 - i7. 74 37 76 9 41.08 53.57 3i 
76 6 -27.54 86.60 27 76 6 1.48 55.87 27 
76 8 2 28.30 -16.12 27 76 8 2 -0.18 29.78 27 
76 8 10 16.79 8.69 8 76 8 10 -12.20 -75.76 8 
76 9 3 -22.70 67.61 24 76 9 3 -12.70 81.08 24 
76 10 s i -33.90 -189.53 32 76 10 5 25.72 -37.84 32 
76 11 4 I -20.49 -33.20 30 76 II -28.78 -37.45 30 

liOTE.--Survey on 741203 did not reach HSL and is not 
included. 
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Date 

(yr) (mo) (d) 

Change in 
MSL shoreline 

between surveys 
(ft} 

Change in !Days between • 
cross-sectio:1a1 area 

1 
surveys 1 

between surveys i I 
(ft2} (1"0.) 

Profile line 17 

Change in Days between 
cross-sectional area surveys 

between surveys 
{ft2) (So.) 

I 
Change in 

Date MSL shoreline 

i
l between surveys 

(yr} (mo) {d) (ft) 

Profile line 18 

-74----1-0 __ 1_0~------12-.-5-S----r-,------38-.-2-4----~~---2-8----~--7-4----1·0---iO~~r----_-7-.i-8----~----·--6-7-.2-1----~~-----2-8-----

74 11 7 15.19 19.68 23 74 11 7 11.95 -52.69 ; 28 
75 8 -14.22 -169.91 &2 74 12 3 2.47 -301.58 26 
75 10 -21.66 19.28 33 75 8 3.93 157.74 36 
75 10 21.30 i2.59 23 7 5 IC -7.80 -46.86 33 
75 15 -7.28 -37.96 75 10 -3.80 s.s.os 28 
75 20 -11.17 -74.63 .5 75 IS -5.72 -45.69 5 
75 4 16.70 139.08 13 iS 20 -0.88 -3.24 S 
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