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A::..TNACT

The Virginia inner shelf is dominated by southwest-trending sand

ridges. Wavelengths are ? to 0 km; amplitudes are up .o 10 m; crests can

be traced for up to 10 cm, Nearshore ridges trend southwest into the

shore face and merge with it at depths a" shoal c.s '. Tre r',:ICe hav~

been examined by bathymetric mapping, grab sampling, coring, se'ssi

profiling, SCUBA diving, and current monitor1ng. They are heel-; ylin-

drical sand bodies of recent age, resting on a pre-recent substrate, In

troughs a thin, medium- to coarse-gained, pebbly lag venee s the s"b-

strate, Crests consist of a better sorted, medium- to fine-grai.ned sand,

while the flank sands are well sorted and fine- to very fine- rainec.

The fair-weather hydraul1c regime has been assessed bj near.= of a

direct-readout, orthogonal, current meter system, Five, I?- or 24-hour

bottom stations were monitored, Wave surge and long per1od, roast-wise,

residual currents were generally sub-equal in intensity, ranging from 0

to 20 cm/sec, Four stations yielded records of weak currents that could

not be readily related to ridge building. SCUBA dives indicate that

main fair-weather bottom adtivity is the slow migrat1on of wave-gener-

ated r1pples up to 5 cm high, obliquely shoreward across ridge crests.

however, a station in the most landward trou.h recorded a cur ent that

appeared to be act1vely scouring the trough floor. During the stat.'on

the wind built up from a calm to 25 knots from the northeast, Sea rose

to 2 m, and began to break over the ridge seaward of the trough, A south

trending bottom current of 20 cm/sec developed and continued despite the

turn of the tide, Circumstantial evidence suggests that such strong

south-trending currents dom1nate the 1nner shelf during storms, and are

the ridge-bu11ding currents. Shortly after a storm, sand waves with s.

wavelength of 25 - 30 m and amplitudes of 1 - 2 m were observed on a



ridge crest. Cores reveal cross-tedded horizons up tc l m thick within

ridge crests. Second-order ridges on the flanks of some major ridges

are asymmetrical towards the main crest„ suggesting that during storms,

south-trending bottom currents may diverge from t.ough axe and con-

verge toward ridge crests.
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INTRODUCTION

Purpose of StuCh

This study is designed to investigate the hydraulic regime of

the inner shelf off False Cape, Virginia, and to determine its rela-

tionship to the underlying r1dge and swale topography,

The topography of the False Cape area consists of a group of

oblique-trending r1dges wh1ch t1e to the shore face in depths as shoal

as 4 meters. Sanders (1962), Fisher (1967) and Payne (1970) have sug-

gested that these ridges are rel1ct Pleistocene beach r1dges. However,

Moody (1964) has mapped a similar ridge system off Bethany Beach, Dela-

ware, before and after the Ash Wednesday storm of 1962, and determ1ned

the ridges had moved up to 70 meters in the interim. He concluded

the ridges were large-scale, hydraulic bedforms, whose continued evolution

dur1ng a period of sea level rise and, shoreline recession gave r1se to

the offshore ridges. Shideler and others (in prese) have obtained a

radiocarbon date of 4,200 + 140 years B.P, from a depth of 1.7 m on the

flank of one of the False Cape ridges, suggesting a Holocene age for the

ridge system.

It has been proposed that the False Cape ridge system is com-

prised of a Holocene sand sheet molded into large-scale hydraulic bed-

forms, probably formed 1n response to coast-parallel storm currents

(Swift and others, 1n press). These authors have also suggested that the

innermost ridge and trough of this system may be 1n a state of active

formation, nourished by the eroding shore face, This study attempts to

test these hypotheses by analysis of a grab sample net and by analysis



Figure l. Bathymetry of the southern Virginia inner shelf,

modified from Payne, 1970. Isolated highs with

bases at 60 feet or above are stipled., Drawn by

Richard Boehmer.
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Figure 2. Bathyaetry of the False Cape Study Area,



IIIIIIIIIII IIII
II I '~l»l"

Lr

VS~'lla@el. aaeaVaV Q anaereV aXS wan ISOl.araaLOW3E3
75'El'



Figure 3, Three diaensional drawing of ridge and swale

topography at False Cape. Drawn by Swift,
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of the data froa a series of bottom current monitoring stations,

Descriution of Stutg Area

False Cape, Virgin1a is a slight protuslon on Currituck Spit Just

north of the Virginia—North Carol1na boundary (Fig. I), This 'tarrier

system has been considered by Pierce and Colquhoun (1970) to be a pro-

graded spit from a former headland 1n the region of Oregon Inlet. Hoyt

(1967) has argued that such barr1ers form ae mainland beaches and are

detached by r1s1ng sea level, Evidence of a foraer Albemarle River mouth

in the area of Kitty Hawk, North Carolina (Swift and others, 1971, and

Fisher, 1967) 1s compatible with the detachment origin.

The reg1onal bathymetric map (Fig. l) reveals a system of near-

shore ridges with northward opening troughs in the vic1n1ty of False

Cape, V1rg1nia, Just north and east of False Cape is another system of

northeast-southwest trending ridges forming a complex conf1gurat1on of

r1dges and troughs. k bathymetric map and, three-d1mens1onal d1agram of the

False Cape Ridge Systea (F1gs. 2, 3) have been constructed from bathy-

metric data collected with an Edo depth sounder and a Cubic kutotape

Precision Navigation mystes, The diagrams reveal three distinct systems of

ridges and two d1stinct sectors of the shoreface region. The upper, steeper
sector intersects with the lower, gentler sector at approximately 20 feet
(6 m), Two of the ridges (A ridge and B ridge) emerge from th1s upper

shore face sector an& traverse the lower sector, wh1le the outermost

ridge system (C ridge) paraU,cling the other two, rests directly on the
1nner shelf'loor (Swift and others, 1971).

Second order ridges on the flanks of ma)or ridges appear to have

a subdued asymmetry w1th steeper slopes facing away from maJor troughs



Figure 4. Coaparison of False Cape topography fros 1922

U.S.C. k G.S. survey (dashed lines) and a 1969

survey (solid lines),
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(Fig,2 ), and the ridges tend to decrease in relief toward the north

(Swift and. others, 1971). These authors have also noted that the troughs

are generally flat floored and such broader than the narrow rounded

crests, "Hence prof1les through the systes resesble profiles through

trocho1dal surface waves, or perhaps sore aocuzstely, solitary waves."

Cosparison of a bathysetric nap drawn frow a 1922 U.S.C.hG.S.

boat sheet and the detailed bathynetr1c sap sade 1n 1969 (Fig. R) inplies
that with1n this period, the ridge crests have at nuserous points soved

landward with ~ displacenents 1n loess of 150 yards (Fig. 4 ).
Swift and others (1971) offer a discussion of the caution wh1ch aust
be observed in such cosparisonsl however, this net sovesent is supported

by Felton (unpublished sanuscript, Norfolk District Corps of Engineers) on

the South Virginia coast and Hoody (1964) has observed notion of near-

shore ridges in a sis1lar reg1on off Bethany Beach, Delaware,



Figure 5, Map shcnring grab sanple net (open circles) and

seisnic profile transects (solig circles).
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Figure 6, Neth'rain sine distribution map of Fa1se Cape

study area with prominent ridges surimposed.
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GEOIOCIC FRAHEHORK OF THE STUDY AREA

Grain Sine Reconnaissance

A 36 km by 34 km area (Fig. 5) on the inner Virginia shelf off

Virginia Reach was sampled. with a Shipek grab saspler during the 1969

cruise of the RAHCE RECOVERER, One hundred snd seventy samples were

obtained on 10 east-west transects. The trsnsects were 4 ks apart in a
north-south direction and the samples on the east-west transects were

2 ka apart. Each sssple was placed 1n s quart container labeled with the

depth and position of each ssaple po1nt, Depth was determined from the

ship's depth recorder and. navigation and pos1tions were 1nitially con-

trolled by Loran 1& however, due to obvious discrepancies in the early

evening& radar range and hear1ng fixes were util1sed,

The samples were prepared for use 1n a modified Hoods Hole Rapid

Sediment Analyser (RSA) ae described. by Sanford and Swift (in press),
The preparation included splitting the sample to a workable volume,

removing the clay and f1ne f'rection with a Calgon solution, removing the

shell, s1eving out anything greater than -ljlf and micro-spkitting to

approximately a 3 gras sample,

From the gra1n siss frequency distribution plots of the samples,

the median diameter was determined for each sample dropped in the RSA,

These g values were oospared w1th the Ventworth sine classes and cate-

gorised mud, very 1"ine sand, fine sand, medium sand, coarse sand. snd

gravel (Fig, 6),

The med1sn diameter distribution does suggest a subtle small-scale

pattern of Horth-South trending belts, This pattern 1s surimposed on a



Figure 7, Index sap of study area, The sap illustrates

the location of seisaic profile network and vibracore

transect„Fros Shideler and others, in press,
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Figwre 8, Stratigraphy of False Cape area, as revealed by

seismic reflection probe and vibracores (lower line) ~
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large-scale pattezn of definite coarsen~ to the Rorth. There 1s no
obvious correlation of grain sine with topography. However, this appears
to be a consequence of the wide spacing of the sanple net, since infoz
sation obtained frow scuba d1ving snd other grab sanpling indicates close
oorrelation of topography and. grain siss (Swift and. others, in press).
Trough axes tend to be floored with a coarse, pebbly sand lag overlying
a fire pre-recent substzate. Ridge orests are cosposed. of well-sorted
nediun to f'1ne sand, r1dge flanks consist of fine to very fine sands,

Stratixramhv

The False Cape area has been unspied by a continuous seisnic
reflection survey over the entire study azea, by five vibzacczes along
the South transect snd 'bF several shallow hand-driven cores on nonitoring
stations along the south transect+ The seisalc suzvey profiles have
been discussed at length by Shldeler and others (in press). The1r work
ind1cates that the Poab4!1ocene seot1cn off the False Cape area has an
avezage th1ckness of 27 neters an4 oonsists of three distinct se41sentazy
sequences separated hy unconforsities,

The vibzacores, which were used as a supplenent to the seisnic
profiles, weze obtained along the False Cape South transect (Fig. 7 )
during the susmer of 1970 aboaz4 the Rpl'lSTVARD. Detailed subsurface
data were obtained. fzon analysis of these oozes (Fig, S ), The cozen
ranged 1n length frow 3 to 10 n an4 were 9 cn 1n d1aneter. They were out
longitudinaQy in half and ssnpled w1thin a short period to assuze natuzal
color and texture. Iapzugnations were na4e of pertinent sectioas of the
oores and ssnples were taken for analysis of grain siss and faunal assen-
blages. The 1npregsation nediun was sn epoxy nixtuze 4esorib«l by Burger,



Figure 9, Hand-haaaere4 cora froa creet of B rMge, Iaaple

8L, Fig, 7.
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Klein and Sanders (1969).

Shidsler and others (1n press) have interpreted the oldest
post-K1ocene sequence as a pre-Visconsinan and early Wisccnsinan deposit
w1th a radiocarbon age of greater than 37,000 years B.P. Seismic pro-

files and. cores suggest the deposit contains both a transgressive fluvial
complex and a regress1ve coastal barrier complex consisting of largely
muddy, f1ne-gra1ned sand with frequent lenticular stratification and

local channeling,

Two zadiocarbon dates were obtained for the 1nternediate sequence

ranging from 25,?00+800 years B.P. at 1ts base (25 a below sea level), to
20,400+850 years B.P. at its top (15 n below sea level as an outlier),
indicat1ng a Pleistocene age, The sequence is characterised by rela-
tively un1fors horisontal stzatification conpirised aainly of nud and

appears to represent a regress1ve paralic-neritic sequence developed at
the end of the nid-Wisconsisan inter~ (Shidsler and others, in press) ~

The youngest sequence has y1eldsd a single radiocarbon date of'020+200years B.P. from sn azticulatecl Neroenar1a ~s. cored at a depth
of' ~ 5 s on the seaward flank of B r14gs. It comprises the modern sea
floor sand. This discontinuous sand blanket appears to have formed dur1ng
the Holocene as a sea floor lag, generatdd by shore face erosion of a
retrograding barrier coast oonplex, It has been molded into the ridge
and swale topogzaplg by the Holocene hydraulic reglue (Swift and others,
in press).

A deta1led discussion of'he lithology, radiocarbon dates and
paleontology is found:;in Shldsler and others (1n press). To supplement
the v1bzacore sampling, hand;hammered oores were obtained on the berm

and on the crest of B ridge (Fig. 9). Sample RA (Fig. 9) shows definite
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cross beMed horisons up to 1 m thick eithin B ridge crest suggesting
recent active sang «aves.



Figure 10. Position of the current actors, the save gage I

sml the coaPass on the triangular franc.
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Figure 11, Close-up of BencLlx Q-18 current aeter show1nS;

contour of blades,
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Figure 12. BencLtx, Marine A4visers current syeal ancL direction .f

raaLout lanes, .]
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FIELD NETHODS

The monitoring program, wh1ch constituted the major portion of
the research undertaken, was conducted with the use of a Rendix Narcose

Advisers Q-18 current meter system and a Hydroproducts Have and Tide
Analyser system mounted on a special triarqpQar frame (Fig. 10 ), The
Bend1x Q-18 current meter system 1s an orthogonal, cosine response
current meter. It ut111ses an impeller assembly of small mass that
responds Quite rapidly to changes in current velocity and, due to the
contour of the blades. it responds just as rap1dly to changes in direction
of flow (Fig. 11 ), The meters are coupled with an electromagnetic com-

pass placed on the triangular frame (F1g,l0 ). This sensor gives constant
readout of the or1entation of the meters. The current aeters are mounted
at right angles to each other approximately ,6 m apart with their axes
in the horizontal plane. Vlth this horisontal configuration, the velo-
city very neaz the bottom can be calculated.

The readout package used with the Q-18 meters offers two identical
channels of electronic processing, one for each of the two signals sup-
plied by the meters. The signals are displayed on two meters and a dual-
channel, Rustrak strip-chart recorder (Fig. 12 ). The meters are cali-
brated in knots and a cho1ce of integration time constants are available.
There are three positionss I (short t1me constant), 2 (medium time con-
stant), and, 3 (long time constant). In position l, a short integration
time offers observations of specific pulses from the 1mpellers of the
current meters. Posit1on 2 suppresses the response to specific pulses



Figure 13. Hydro Products Have aud Tide Ana1yser reaclout box,
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to a saoother meter readout that is representative of the normal action

and magnitude of the near-bottom cuzrent. Position 3 must have flow in
a s1ngle direction for an extended period of time, 1ndividual pulses

being almost ent1rely obliterated, The data obtained with the Q-18

system at False Cape, V1rginia was obtained in time constant position 2.

The Hydropwoducts wave and t1de analyser system consists of a

small pressure transducer mounted on the triangular frame and, a spec1al

meter readout package for shipboard use (Fig,13 ), The transducer con-

sists of a special stra1n gage assembly whioh sends a s1gnal to the

sh1pboard meter system, The pressure variations are displayed on the

meter wh1ch displays instantaneous wave height, characteristic wave

height, average wave period and. tide level, Performance of the system

has been unsatisfactory up to this t1me, having experienced corrosion
shorts in'he c1rcu1try, water in the power cable and other minor als-
haps, Therefore no data was obtained 1n coozdination with the current
meter aonitor1ng. All wave information has been obtained from personal
observations.

The triangular frame ls approximately 7 feet on a side and

utilises Volkswagen hub-oaps as skids (Fig. 10 ) ~ From Figure 10 the
position of the meters, compass and wave gags can be detezmined, The

height above the bottom to the axis of the current meters is approximately
10 cmg this value wiD. fluotuate depending on the else of ripples and

the character of the bottom, Diver observations and previous calibration
teste 1nd1cate that ths fzame does not significantly affect the slowly
oscillating bottom currents measured by the meters.

The current meters were taken to Johns Hopk1ns University to the
Chesapeake Bay Institute flow tank for preliminary calibration and tests.



FIGURE 14, Calibration plot of Bendix Q-18 meters vith the
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Pigure 15. Mounts ~ position of Bend1x Q-18 current

neters in the CBI flow tank,



li

f

f('l, aT]-yah
IR.::::M, KE",~.'.aw~k. 4

li

lI



25
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TAHLE 1 Calibration of Bendix Q-18 aster response to cosine

of angle of flow in tbe CBI flow tank. Red" neter
ax5.s initialIF is facing the tank wall~ ~to~ mtter

axis is faeLng the current ( see figaro 10 ).



Ffguze 16, Cosparison of bsthysetry of False Cape with rose

disgrsas of aonitorirg stations. Current aeter

stations nusbsrei fry left to right,
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The aetere have a threshold of response of 1,03 ca/eec or .02 knots and

all velocities calculated froa the two aetere very closely cozrelate

with the known velocities of the flow tank (Fig,14 ). The aetere were

positioned. ln the tank at approximately mid-depth (Fig.15 ), at right

angles to each other ae they are placed on the triangular frame, The

system wae rotated slowly through 90 with the Ruetzak recorder operating,

end the results correctly showed a cosine response fram the aetere with

respect to the flow angle of the tank (Table 1 ), The actors were then

rotated 90 more to test response in the opposite direction, This test

wae equally satisfactory,

Eight 24 haur aonltoring stations were attempted in the False

Cape study area at various locations (Fig.16 ). Of these 8 stations, elx

were usable. The other two were lacking either positioning information

about the meters or arientation data for the coapaee. Four of the eix

workable stations were undertaken on an east-west tzansect in the False

Cape Ridge mystes gust south of the Virginia North Carolina line ("False

Cape South Transect" on Pig. 7 ) ~ An additi.onal station was recorded on

the Virginia Reaoh Ridge system due east of False Cape at "E" ridge

(Fig. 16), A final station wae monitored due east af a large range pole

emplaced by the Hastings-Raydist Company, in A trough of the False Caps

Ridge System,

Two dif'ferent vessels weze used to obtain the data from the

stations. Three of the stations were aonltored fraa the R/V ALBATROSS,

a 20 a Army T-boat operated, by the Institute of Oceanography, Old

Dominion University. The other three statiaas weze made aboard the USES

RANCE RECOVERER, a 55 ~ vessel operated by NASA-Nallops as a teleaeterlng

and recovery ship, A coaplete description of each monitoring station



Pigure 17. Representative 30-minute current meter station

readout from Rustrak strip chart recorder showing

sampling interval, time of day, and the date.
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including time, date, weather, wave conditions and bottom character is
found in Appendix I.

2",

Data Reduction

The data from the six monitoring stations were printed on

recorder chart paper by the Rustrak dual-channel recorder. The printout
was a contact on the paper every half second for each meter. The paper
offers a 2.5 cm full scale deflection for each channel (Fig, 17 ). Con-

sequently, the task of ann+sing such a small record offered many dif-
ficulties. Figure 17 1s a representation of a standard sampl1ng stat1on,
at which velocities were sampled for 3 continuous m1nutes every 30 min-

utes, The figure shows the proper time, the meter orientation in degrees,
and the date, Each vertical line running the length of the chart paper
~naia ,10 knots (5,5 cm/sec). The tick marks and numbers are the normal

procedure used to analyse the output. The left side corresponds to the
"Red" meter (a color code coordinating each of the meters with a partic-
ular meter in the readout box) and the right channel corresponds to the
"Vhite" meter, A magnifying glass was used to assure clarity 1n esti-
mating to the nearest ,01 knots (.55 cm/sec) and was mandatory to count
every fifth po1nt of the output . Twenty-four read1ngs per station gives
a full m1nute of data and using every fif'th point reduces al1asing of
the oscillatory character of the current flow output, Nore data points
per 30 minute station does not s1gnificantly alter the mean velocity and
direction values.

IIhen 24 values each were obtained for both the "Red" and the "White"

meters, the pairs of values were entered into a Nonroe 1665 computer
programmed to calculate the vector of speed. and direction, These values



Figure 18, Sample data sheet for each 30 minute station.



CURRENT METER DATA SHEET

TIME

R -.09

W +.09

R -,05

W +.03

R -.02

w -.08
R -.03

W -.05
R -.06

W 0

1830
u U

155

.08 34

.o6 51

.06 110

W +.01
R lp

.13 114

W -.04 .10 88

R +.Ol
.01 245

W +.01

" +.O2

W + 05 '05 221

DATE 15 July.1970 COMPASS 175
u D

R -.10

w +.lo '4
R -.13

R -.12
.12 119

W+02

R -.10

W + p2 .10 121

R -,09
.09 122

W +,02

R,p8
pl 08 103

.07 102
W -.Ol
R -.O2

R 0

W +.04
R .12

.04 200

R -.1O

W +.01

R +.01

W -,u8
R ~p2
W +.01

R p

.10 116

.08 13

.02 263

w +.o3 12 124

W -.07
R p2

.07 36

~02 137
W +.01

R -,03
F 08 179

W +.08

Wp06
R -.09
W +.08

R -.10

W+P3

.06 200

.12 152



Figure 19. Example calculation of mean direction from 1

minute record of 30 minute station,
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Figure 20, Progressive vector diagram of Station 1 in A trough,

See Appendix I, The bottom residual is 2,6 cm/sec

toeard the southeast (130 ).



end



Figure 21. Progressive vector diagraa of Station 2 in the

landward trough of B ridge. See Appendix I, The

bottos residual is 3,6 cn/sec toward the northwest
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Figure 22. Progressive vector diagran of Station 3 on the

crest of B ridge, See Appendix I. The bottoa

residual is 3.6 cn/sec toward the north (010 ).



end



Figure 23. Progressive vector diagram of'tation 4 in the

landward trough of C ridge. See Appendix I ~ The

bottom residual is 3,6 cm/sec toward, the north

(359').
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Figure 24. Progressive vector diagraa of Station 5 on the

crest of C ridge. See Appendix I. The bottoa

residual is 1.0 ca/sec toward the west (264 ).
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Figure 25. progressive vector diagram of Station 6 in 8

ridge trough. See Appendix I. The bottom

residual is 3,6 cm/sec toward the northwest
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were they spl1t into velocity and direction columns (Fig, 18) to be

statisticaily analysed,, Velocity values were added together and divided

by the number of values to obtain a mean velocity (0} per 30 minute

station, However, according to Pincus (1956), orientation data such as
direction of the current vector offers difficulty in making the proper
cho1ce of calculations to obtain the opt1mum results, The difficulties
arise due to the discontinuous function of compass direction values
(00 to 3600) A method described by Krumbeln (1939) was selected& in
which the directions are grouped into classes of usually 20o and a moment

analysis is perfozsed on the resultant histogram (F1g. 19). An equation
was thea used which related both the mid-point of the aodal class and

the dlstribut1ons about this modal class and derives a sean value of the
direction data, The equat1on 1st

where Hom 1s the m1dPoint of the modal class& A is the number of values
in each interval, b is the arbitrary positive or negative value assigned
each 1nterval, N is the summation of A, moo is the class interval (usually
20 ) and D ls the mean dizection,

The calculations of mean veloci.ty and mean direction were compiled
for each aonltoring station and plotted as a progressive vector diagram

(F1gures 20'1'2'3'4& 25) ~ A progressive vector d~ is s, graphic
method of showing a time series of current velocity and 1s constructed by
adding success1ve curxent vectors (Casters 1969), From thda diagram, a
calculation of the total residual experienced over the monitoring period
can be made by measuring the zeshRtant vector connecting the ta11 of the
first vector with the head of the last, vector. The reabhmLl is then
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deterained, by divid1ng the value of the resultant by the total nuaber

of vectors froa the diag'total nuaber of 30 ainute readings). To

coapleaent the progressive vector diagraa and offer aors infcuaation about

trends of the current regiae being aeasured, a rose diagraa of the

direction uas constructed on the yrogzessive vector diag'Plgurss 20,

21'2'3'4'5) e



HYDRhULIC REGINE OF THE CHE~ BIGHT& A LITERaTURE SURVEY

The general currents o. the Chesapeake Bight display a complex

response to salinity and temperature grad1ents of the water column, and

tc the wind, To understand this response requires a knowledge of the

seasonal changes that occur within the water column and seasonal changes

of the speed and direct1on of the w1nd.

Seasonal Physical Prouerties of the Mater Column

Summer Conditions

Harrison and others (1967) have attempted to determine the

seasonal changes that can occur in the Chesapeake Bight water column.

Their predictions are based. on measurements of water column stability

from the summer of 1963 through December of 196?? (Harrison and others,

1967, F1g, 7) and previous work undertaken by Bumpus (195'7), Joseph (1960)

and Norcross and others (1962). The summer water column condlt1ons are

characterized by h1gh stab111ty, and strong stratification, with a th1n

well-mixed warm surface layer over)ging a strong vertical density gradient.

Mhen the summer stratifioation is developed, the transfer of energe (in

the form of turbulence) through the thermocline is effectively inhibited

(Harrison and others, 1957), Fluctuations in r1ver run-off in the formoi'ffluent

from the Chesapeake Bay mouth vary the salinity of the shelf

waters (Norcross and others, 1962). Harrison notes that max1mum sustained

river run-off occurs 1n spring, but th1s 1ncreased flow does not reach the

shelf until summer due to lagging within the estuary system (Howe, 1962).



Figure 26. Representative wind roses of summer snd winter winds.

Numbers above each rose represent the number of six-,',

hour periods of ca1m, Arrow represents vector resul~;

tant direction of wind movement. After Harrison and.'thers,1967 and Beach Erosion snd Hurricane Study,

1967 ~
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Winter Conditions

Pronounced stratification of the shelf waters usually becomes

obliterated in September (Harrison and others, 1967), due to chilling,
1ncreased wind stress, snd. a reduced river effluent.

Wind—Seasonal Changes

Summer

Based on U,S.C. d G.S. wind data (83 Congress, 1953) and the
average yearly wind rose (Fig. 26) the dominant direction of the wind in
the summer is from the southwest and the velocities are moderate to light,
The strong stratificat1on of the water column affects the penetration of the
moderate offshore winds. The strong density gradient impedes most of the
influx of energy from the wind set-up current and generally the current
direction of this upper layer 1s dominated by the wind direction, Thus

"d,irection and rate of drift below the thermocline are inf'luenced less di-
rectly by the w1nd. . ." snd. "the flow beneath the thermocl1ne is, at tises,
entirely different than the surface drift" (Harrison and others, 1967),

Winter

Nozth winds predominate during the w1nter season (Fig. 26) and
are considerably stronger, with as much as 2,5 times the energy of any othez
direction (Neuman and James, 1955). These stronger w1nds affect a deeper
segment of the unstzatified water column and cons~uently aze more 1nfluen-
cial in development of both bottom and surf'aoe currents,

Salinitv Driven C1roulation

Harrison and others (1967) describe the salinity and o1zculationof'he

Chesapeake Bay, its function 1n the development of currents, and its
effect on the water column of the Chesapeake B1ght, They notes
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Chesapeake Bay is a relatively shallow coastal plain estuary where
fresh water froa land drainage is aixed w1th salt water from the sea
by t1dal action. The circulation in Chesapeake Bay, maintained by
the passage of fresh water through the system, cons1sts basically
of a two-layered flow, The upper layer of lees dense water has a net
flow toward the sea and the denser sore sal1ne lower layer has a net
flow toward the head of the estuary, The estuary, then, continuously
receives ocean water& though 1n varying quantity depending upon river
discharge, The aax1mum flow 1n the upper and lower layers occurs
during periods of aaxiaum river run-off and, diminishes as the fresh
water contr1bution lessens.

Therefore fluctuations in the effluent from the Bay will cause fluctuations

in the water column stratification and bottom dr1ft direction and mag-

nitude,

Nom-T1dal and Tidal Currents

The sea bed drifter and drift bottle data of Harrison and others

(1967) within the Chesapeake Bight indicate 1ntezact1on of river run-off,

w1nd, and stratification of the water column in the production of non-

tidal shelf drift cuzrents. previous authors have attempted to correlate

the influence of the physical propert1es of temperature and salin1ty on

surface waters (Hiller& 1952) or the effect of estuarine effluent on the

net bottom drift (Bumpus& 1965), Harr1son and others (1967) described a

permanent flow at the surface which was genezally from north-to-south and

known to be stronger from early fall to mid.-spring than in the summer

months when it may be absent or temporarily zeversed., This correlates

closely with Niller (1952) and h1s inferred near shore southerly "coastal

drift". Howe (1962) has noted that this dr1ft has been considered by

Hiller (1952) to be a counter-current to the northward flow1ng C&ulf Stream.

However& no specific mechanism for the creation or ma1nta1nence of this

"permanent southerly drift" has been postulated in the literature. Howe

(1962) suggests "the drift on the shelf will be 1nfluenced a great deal



by the vary1ng wind effects, particularly during the winter months, when

it is expected that the river run-of. and temperature variations will be

at a minimum, local density currents will tend to d1sappear, and thereby

provide more suitable conditions for mass transport due to storms,"

Norcross and others (1962) observed that the greater part of the Chem-

peake B1ght is crossed by a "meandering but generally southerly drift
having velocities of 10 to 14 mlles per day,"

Bottom drift, calculated from Harrison's work, maintained a

pronounced trend toward shore to the southwest throughout all seasons

(Fig, 16, 1967) except for a rad1us of 40 km about the mouth of Chesa-

peake Bay, where it trended hayward, Bumpus (1965) used sea bed drifters
to determ1ne a general "bottom residual current" flowing into all major

estuaries of the Middle Atlantic Bight, He attributed these dominant

shoreward bottom currents to be the consequence of a seaward flow1ng

surface effluent from the estuaries consum1ng saline bottom water, and

thus causing a compensatory landward flow on the bottom. Harrison ob-

served a similar returning compensatory bottom dr1ft toward Chesapeake

Bay especially during periods of high river run-off and strong northwest

winds whioh blow «ffiummt «mt of the bay,

Haight (1942) in a comprehensive study of lightship current data

determined the average velocity and type of surface tidal currents off

the Mid-Atlantic coast. The data p«rtimmmt to the Chesapeake Bight was

obtained from the Chesapeake Lightship, 19 km offshore. He determined the

average ebb and flood t1dal surface veloc1ties to be .15 knots (8,3 cm/sec)

with maxima 1n the east-west direct1on. He described the tide as a

rotary tide w1th very light and variable velocities.

Harrison and Pore (1967) developed a group of theoretical



correlation models between wind or run-off and surface and bottom drift
components, These models were based on vectors of surface and bottom drift
inferred from drifter recovery data and correlations with winds and run-

off by means of mult1ple linear regress1on procedures,

The components of the resultant drift vector of any given water

part1cle were assigned 0 or V values, The 0 component approximates the

posit1ve east-to-west component of drift, and the V component approximates

the positive north-to-south component of drif't, Wind coaponents were also
represented by sim1lar vector resolution into U, onshore and V, along-

shore, components. d basic assumption in formulation of predictor
equations was that surface current and w1nd direction were in close
agreement. Harrison and Pore discuss fully the procedure and calculations
used to derive their predictors. With a screening procedure, a small

number qf predictors were selected, wh1ch conta1n nearly all the predict1ve
information,

Schematic ~s of the correlation of wind, river effluent, and

surface and bottom currents were made with the information from the
density stratification and number of days related drifters weze en mute.
These diagrams (Plate IV, 1967)'ttempted to show the relationships of
w1nd or run-off with the surface and bottom currents by means oi'orre-
lation coefficients evaluating the closeness of'it the predictor ~nations
matched the actual field measurements, However, these d1sgrams don'
off'er a very good explanation about what ocours 1n Chesapeake Bight and

Hazr1son and Pore seem to lack a good explanation to resolve the dis-
crepancies 1n correlation of the oomponents, They d1d obsezve that mul-

tiple-predictor ecpwLtions would be a more effective means of cozrslat1ng
the 1nfluence of both wind and run-off,
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~ Swell diagram prepared by Corps oZ Engineers,
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Figure 28 ~ Percent of swell occurrence in the Chesapeake

Bight, After Welnsan.
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Wave Climate

Waves 1nfluence the currents of the Chesapeake Bight and their

dominant direct1ons vary w1th the seasons based on a similar variation

of wind direction, A swell diagram (Fig. 2'7) 1llustrates the dominate

wave trends and heights found off the Virginia coast,

The largest percentage of the swells move from the eastern

quadrants and especially from the east-northeast (Fig. 28) (We1nman, unpub-

lished Master's thesis). The greater percentage of the swells with low

wave heights (1-6 feet) are from directions that would tend. to produce

northward drift. These low swells are most ev1dent in the summer season

when moderate offshore to southerly alongshore winds preva11. However,

medium and heavy swells occur during a large percentage of'he t1me from

the northwest, These would tend to cause wave set-up near the shorel1ne

resulting 1n a slight shift in a southward nearshore drift. These con-

ditions occur most frequently during the winter months dur1ng periodic

"northeaster" storms.



SHELF SAND RIDGES& A LITERATURE SURVEI

Before the hydraulic data can be d1scussed and related to the ridge

and swale topography which underlies it, it will be necessary to rev1ew

hypotheses presented in the literature concerning the genesis of current

built submarine sand ridges. Sand, ridges can be categorized accord1ng to

the hydraulic mechanisms proposed for the1r deposition and maintenance, their

aorphology, snd their observed pos1tion on the continental shelf, Two

sa)or categories are sand. ridges on tidertlominated shelves and. sand ridges

on wave-dominated shelves. These can be further classified. as straight

versus sigmoidal, or as estuarine, beach tied ~ or isolated,

Tide-I4ilt Ridges

The most striking ridge topograph1es are in tidal shelf'eas, The

earli,est work cn tidal ridges was done 1n the North Sea by Van Veen (1935).

He noted. that the southern North Sea "was found to possess a remarkable

bottom of a wavelike structure.... The he1ghts of'hese submarine send

dunes were often 10 meters or more." He suggested that alternating ebb

and flood ~ts produced these structures, Houbolt (1969) described

the ridge topography of the Southern Bight of the North Sea, He relates

w1thin the Ndght are 3 ma3or areas of gently curved to elaborately

a1gaoidal, su~el, sand ridges. ~ ~, Crests and flanks tend to be

of medium sszd while troughs contain lag deposits of coarse sand, pebbles

and shells, Ns observed that the ridges are symmetrical to asymmetrical

in cross-sectLca. The latter are moving northeast, perpendicular to

Weir long ~ and the tidal currents, as a conseciuence of sand waves

moving over das crests, Off (1963) d1scussed. characterist1c types of sand

accumulation formed by tidal currents, The "t1dal current ridges" appear



to be present wherever tidal current velocities range between 1 and 5

knots and are parallel to this current, He has noted that tidal ridges
are found on a world wide scale at the heads of bays, at the mouths of

large rivers, along tidal coastlines and even in the shallow open sea,
hllen (1968) proposes two categories of tidal current ridges

based on the specific generating mechanisms (1) the sigmoidal type formed

by ebb-flood current systeas (Van Veen, 1935, Robinson, 1956, 1960), and

(2) the rectilinear type ridges which seem to be more readily explained.

as a consequence of helical flow (Houbolt, 1968, Off, 1963, allen, 1968).
Ebb-flood current systems were first described as a mechanism for

producing shoals and tidal channels by Cornish (1901). Cornish noted that
in English estuaries tidal flood flow took a direct, short-cut path towards
the head of the estuary and in so doing moved. up and over shoals and
shallow flats. Ebb flow, on the other hand, tended to be somewhat more

confined to the deeper, main meandering channels. Naximum flood and. ebb

flows even within the same channel tended to follow different, mutually
evasive paths,

Ludwick (1970) attributed to ebb-flood channel flow the formation
of the Chesapeake Bay mouth shoals and discussed the probable sediment
transport mechanism of bed shear stress distribution associated with the
net nontidal (residual) flow pattern, This residual flow has been dis-
cussed by Robinson (1966) and is the net difference in velocity and
duration of the ebb and flood flow in a tidal cycle within each tidal
channel. Though shallow sandy estuaries axe the "type locality" for ebb-
flood channel systems (Ludwick, 1970& Robinson, 1956, 1966), Van Veen

has cited these systems within the Southern Bight of the Earth Sea.
Van Veen (1950) presented a detailed analysis of ihe concept,

I')

'I AIR
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explaining and def1n1ng paired ebb and flood channels, and illustrating
characteristic patterns of ebb-flood channel systems, and describing

circulating sand, currents ("zandneer"), These occur when two parallel
residual currents of the opposite sense (ebb versus flood) establish a

shoal along their zone of shear. Th1s shoal experiences sand transport 1n

opposite directions on opposing s1des of the ridge ~ Consequently, during

periods of peak velocity of each flow small bedforms migrate away from the

high velocity axis of the 1'low toward. the crest at an angle to the ridge

axis. Sand entrained in the stronger residual can actually spill over the

crest to be picked up by the opposed residual flow on the other aide, Thus

the same sand particle could, be trapped w1th1n the c1rculating cell during

a finite residence period and be cont1nuously carr1ed around. the shoal.

This concept has been figured by Houbolt (1968) in h1s discussion of ebb-

flood, asymmetric sand ridges,

Helical flow or sp1ral flow is a secondary transverse component

of flow (Tanner, 1963) which 1s associated w1th a dominant, longitudinal

component, The resultant flow pattern 1s hel1cal. The heU.cal flow of

Houbolt (1968), Allen (1968) and Off (1963) are systems of sp1ralling cells
flowing parallel to ridge axes. The troughs contain the descending flow,

common to two adJacent half cells, with surface convergence and bottom

divergence, The ascending limb of two adJaoent half cells 1s centered

over a ridge crest, with bottom convergence and surface divergence, Hou-

bolt has suggested "that the tidal currents are stronger over the sanies

than over the ridges, To compensate f'r these d1ff'erences in velocity the
water will flow in two long sp1rals in such a way that the water over the
bottoa 1s directed outward from the swale towards the crest of the ridge,"
He observed that type of motion on some of these ridge systems and notesa



The aeetlsg of two anuses of water w1th different current velocit1esand directions ia usually revealed, at the surface of the sea bycurrent r1ps. Two types of current rip are observed, One type showsup as long foaa lines and often contains concentrations of drift-wood and other floating objects. Here the surface currents obviouslyconverge, Such current ripe were always found over the swales andnever over the ridges. The other type of current rip only showsup as a difference in wave height and length and sever shows aconcentration of floating aaterial, Such ripe are explained as areasof diverging surface currents, They were frequently encounteredover or near the crests of ridges,
Allen (1968) discussed a three-dlaensional type of unstable aot1on which
he considers to ordinarily be ooaprised of "an array of pa1rs of oppo-
sitely rotating helical sp1ral vort1ces whose axes lie parallel to flow,
dllen offers a rule concern1ng the rilationship of bedfora configuration
and the flow properties and states "when the notion is three diaensional,
the longest dlaensions of the bedforas generate4 are parallel to flow
while the perturbat1ons are transverse to the aot1on."

Saith (1969) d1scussed a san4 ridge on the south coast of'ape
Cod that he suggested is aaintained by rotary tidal currents. He considers
the origin of this sand ridge to be a snail recess1onal aoraine which
underwent reworking due to wave action and tidal currents unt11 a ridge
was fozued "in dynaaic ~uilibriua w1th the tidal current systea,"
Saith discussed a aechanisa for the generat1on of longitudinal sand ridges,
He suggests these ridges can grow 1f rotary tidal currents have the1r
aaxlaa pazallel to the ridge. Thus the ridge w111 be at a saall angle
of attack to the flow through aost of the high-velocity segaent of the
tidal cycle. The growth aechanlsa then reduces to a two-41aensional
reversing cross-shoal flow driven by the "erose-shoal pressure gradient%
and an upstresa phase shift in the boundazy shear stress aaxiaua (Sa1th,
l969), He notes "1'low ln a natuzal channel is a shear flow, that 1s, a
flow in which the velocity increases with distance frca the bsd. Boundary



shear stress will 1ncrease near the bed when such a flow moves over an

upward-slop1ng bed as the higher velocity water will move closer to the

bed due to its inertia. Consequently, the shear upstream from the crest
of a sand. ridge w111 be more and accord.ing to Smith will cause sand to
be transported over the crest, Thus& the two flanks of' ridge w111

grow alternately, throughout a tidal cycle. Smith suggests that Meally
this process of growth would cont1nue until the crest reached the free sur-

face but will not due to w1nd-wave diffusion. Thus the ridge height w111

be a response to "the rate of diffusion of mater1al due to the wind-wave

internal velocity field and the rats of growth of the rMge due to the

basic flow" (Sm1th, 1969). Sm1th suggests this mechanism is a probable

one for sand ridges in open tidal seas with rotary tidal currents. It
should be noted that the three hydraulic mechanisms discussed are not

mutually exclusive and are probably not the only mechanisms responsible fo
tidal r1dge growth and development.

Ridges on Nave-Dominated Shelves

The shelf area of'he Niddle ktlantic Bight does not have strong
tidal currents. Yet Shepard (1963) describes the Middle Atlantic Shelf
as a broad sand pla1n characterized by a subdued ridge and swale topog-

raphy "comparable to the barrier 1slands and their inner lagoons which

extend along much of the present coast south of New York." Uchupi (1968)
who has mapped and descr1bed this topography suggests the ridges are not
relict, but instead are modern 1'eatures forming during intense storms and

rema1ning inactive between storms,

The d1stributlon of Atlantic shelf ridges can be separated 1nto

offshore ridge and swale topography and nearshore rMge clusters which



tie to the beach, Swift (1969) notes that one of the most perplexing

problems of the degree of adjustment of rel1ct shelf surfaces to the

modern hydraulic regime has been the origin of the rMge and swale topog-

raph1es on these surfaces. h further problem of the shelf ridges 1s

whether the offshore ridges and the nearshore beach-tied ridges are a

related phenoaenon. Sanders (1963) suggests that the main beach-tied

ridge of the nearshore False Cape system 1s a drowned Pleistocene beach

ridge, Yet Shepard (1963) has 1nterpreted his ridges as a rel1ct topography

consisting of subaerged barriers reflecting the 11ttoral record of the

Holocene transgression, The authors maintaining a relict or1gin for
these ridges don't agree on which geologic period the r1dges

represent and their data for making these conclusions may not be sufficient
for arriving at such an origin,

Hoody (1964), in a deta1led study of a nearshore ridge system off
Bethany Beach, Delaware, has cast doubt on the relict 1nterpretat1on,
This ridge and, swale topography conststs of a group of fourteen parallel
r1dges trending obliquely to the shorel1ne, The ridge relief increases
southward to a maximum of 7 meters and ridge asymmetry and length in-
creases southward. Nedian grain sine is 1'inset on the southeast flanks
of the ridges with a coarse maximum in the trough sediments.

Hoody has compared bathymetr1c surveys from 1919 and 1961 and

notes that ridge crests show a sax1am movement oi'50 meters toward the
southeast, He believes that sand is moving southeast across the ridges
in the direction of asymmetry and. rMge movement. Hoody observed the
position of the ridges before and after the ash Wednesday storm of 1962,

He indicated that the ridges moved to the southeast dur1ng the storm a

maximum of'0 meters. Thus, Hoody suggests that the Bethany Beach ridge
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system aay be primarily a response tc storm regimes, Hc speculates that

the ridges may be generated in the nearshore zone, where some overtake

others to form larger ridges, He further speculates that as sea level

rises, these become qu1escent large-scale hydraul1c bedforms, occasionally

activated by severe storms.

Swift and others (1970) have undertaken a study of the False

Cape Ridge system. These ridges trend obliquely to the shoreline in a

northeast d1rection. Second order r1dges on the flanks of larger ones

reveal a subdued asymmetry with steeper slopes facing away from maJor

troughs and toward maJor crests (Fig,2), Topography and gra1n size vary

sympathetically, with coarse-grained troughs, med1um-grained crests, and

fine-grained ridge flanks, Swift and others suggest that spiral flow

channels and ebb and flood dominated channels m1ght occur 1n response to

the occasional storm surges of the Atlantic shelf, as well as in response

to the strong tides of the North Sea.



Figure 29. Schematic diagram of summer conditions affecting

bottom and surface currents. Large arrow from

Chesapeake Bay indicates strong effluent flow,
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INTERPRETATIOH OF DATA

Measurements of the currents found in the Chesapeake Bight have

been mainly based on a lagrangian method of measurement ut111zlng "current

followers" (Okubo, 1969) and the majority of the past studies dealt mainly

with surface waters, The current measurements undertaken in this study

utilize an Eulerian approach, whereby the velocity 1s monitored at one

point on the bottom w1th an 1nstrument package. The mon1toring at various

locations off. False Cape was undertaken to determine if bottom drift could

be resolved 1nto genetic components, and to predict what effect th1s current

regime has upon the bottom sed1ment and topography within the study area.

The False Cape ridge and swale topography seems to be a response to

a two-fold hydraulic regime; a fair weather regime and a storm regime. These

two ridges tend to affect the r1dges in qu1te different ways and the combi-

nat1on of the two seem to be essential for the maintenance and development

of such a topography.

Fair Heather Kvdraulic Regime

Summer

Most of the mon1toring stations were undertaken in fair weather

during the summer or late spring& and, consequently, a more specific picture
can be deduced for this season than for the winter regime. Based. on the

summer fair weather data a schematic diagram (Fig. 29) was constructed to
show the relat1onship of the predom1nate offshore w1nd, the predominate wave

d1rection from the southeast, and the effect of strong Bay effluent on the
bottom and surface currents of the southern Virginia inner shelf waters,

The diagram (Fig. 29) is based on computed bottom current residual
directions for var1ous stations (see Appendix I), observed



wind and wave directions, coupled with wind, wave and run-off data from

the literature,

The northerly bottom residual current inferred in Figure 25 is
probably a response to the strong effluent from Chesapeake Bay. The

compensatory, baywani-flow of saline bottom water is characterist1cally

stronger during the summer season. This northward bottom drift 1s able

to respond better during the summer when the strong density stratification

reduces the influence of wind drift. Southeast winds generally dominate

the currents above the sharp thermocline causing a net northward surface

The northerly bottom drift appears on the progressive vector

diagrams of'tat1ons 2,3,4, and 6 (Fig. 21, 22, 23, 25 ), A northerly

bottom res1dual of approximately 3.8 ca/sec seems to trend more towards

the northwest at the outer station (6) than the more southerly inshore

stations. The progressive vector diagram (Fig. 25 ) at first observation

appears to be a response to a tidal component surimposed on a constant

northward non-t1dal dr1ft, However& the changes in direction do not

correspond with calculated changes in the tide, The number of hours

represented by the three major segments are not e&lual to a tidal period.

They may possibly represent large scale eddies associated with the tidal
jet at the mouth of Chesapeake Bay,

The bottom current velocity is generally light with average speeds

of 4 to 6 cm/sec (see Appendix I), Thus it csn be inferred that during

the relatively calm periods of the summer season the trough bottom

currents will not have a large potential for transport of sand and the

ridges w111 not experience noticeable movement oz aggradation,
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Fair Heather Degradation of Ridges bv Maves

mffect of Haximum Orbital Velocities, Two fair weather monitoring

stations were chosen for analysis of the role of fair weather wave surge

in the mainta1nence of the ridges. These were station 3 on the crest of

B ridge (Fig, 16) and station 5 on the crest of C ridge (F1g. 16). It can

be seen from the rose diagrams (Fig. 16) and the progressive vector d1agrams

for these two stations (Fig. 22, 24) that the residual bottom current on

the B ridge station seems to trend north with 11ttle variance, However,

the pattern of bottom current direction of stat1on 5 on the crest of C ridge

shows a very diffuse direction pattern and, suggests the 1nfluence of

a weak rotary tide w1th westerly residual component,

There are var1ous factors which must be cons1dered in analyzing the

current direction. The maJor considerat1on is the depth of water of the

two crests. B ridge crest ls 1n approximately 8 meters of water and C ridge

crest is at a depth of 13.5 meters, No sharp density gradient was ob-

served on B ridge, yet on C ridge, divers noted a very pronounced ther-

mocline at about 6 meters, According to Harrison and others (1967, p. 5)

such a strong density grad1ent can reduce the influx of momentum of wave

energy, Thus the shoaler station 3 experiencing more m1xing probably

is more 1nfluenced by wind effects than station 5, During their respec-

t1ve periods of observations (Appendix I), B ridge experienced a dom1nant

southeast swell w1th ,5 to I m wave he1ghts and C ridge was only affected

by a less than .5 m swell from the southeast. Vith th1s information and

the bottom current measurements of each station, an analysis of the effect
of sediment transport by the oscillatory motion of the waves was under-

taken.

It should be possible to calculate the theoretical threshold of



grain movement for a given monitoring station from the measured modal

diameter fat, the station, and compare this with the ve]ccities recorded
at the station. However, according to some authorities thresholc
velocities are nearly 1ndependent of grain size for d1ameters smaller
then 0 phi (NcQuivey and Xeefer, 1969, Fig, I), Gook (1969) has noted
that many problems arise in attempt1ng to measure and quantify an 1ni-
tial grain transport veloc1ty, He calculated threshold velocities for
all grain sizes and, observed they were practically identical values. He

also noted that oscillat1on ripple marks segregate sediment by size
with the extremes located at the crests and troughs, Thus, the "r1pple
marks create a spectrum of energy niches so that particles of different
hydraulic s1ze may be at equilibrium at the same bottom location.

Nechanical problems within the monitor1ng system and data reduc-
tion also affect the determination of threshold values, The actual
measured bottom veloc1ties never exceeded 10 cm/sec, and according to
Cook's (1969) observat1ons, particle motion does not commence unt11 the
current 1s at least flowing at IS to 21 cm/sec, However, the true peak
velocities probably greatly exceeded 10 cm/sec. The lack of stronger
velocities is believed to be a function of the integrat1on circuitry of
the readout meters when t1me constant 2 is used, Instantaneous peak
currents are averaged. out and the record shows only a smoothed velocity
oscillat1on, Observat1ons have been sade in t1me constant I, In this
mode, peak velocities readily peg the meters and values of 30 to 40 cm/sec
are common, However, the recording system used was not able to change
scale to utilize such a record and the current meter system had to operate
1n time constant 2. As a result of these d1fficulties, no attempt to
directly relate surge velocities to sediment threshold velocities was



Figure 30. Peak velocity progressive vector diagram and rose

of Station 5 in crest of C ridge. Net residual

is 1.1 ca/sec towards the west-northwest (278 ),
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Figure 31, Peak velocity progressive vector diagram and rose

of Station 3 on crest of B ridge. Net residual

is 2,7 cm/sec towards the northwest (324o),
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made, The analysis of the most intense third of the 1nstantaneous

veloc1ty samples of each station is not an attempt at quantitative ana-

lysis of the complex velocity structure of an oscillatory motion near the

bed, but is ~ instead, intended as a qualitative means of predicting the

probable movement of sand due to the ~~E~ orbital velocities during the

fair weather hydraulic regime.

The plot of peak velocity vectors from C ridge (Rig. 30) nearly

m1rrors the initial progressive vector dlagnm and suggests that transport
assoc1ated with maximum orbital velocity was in the same direct1on as the

residual bottom currents measured with a net velocity of 1.1 cm/sec. This

rMge crest is probably not undergoing s1gnificant oscillatory sand trans-
port under the light winds and. wave conditions of the monitoring period.

The vectors of peak velocity plotted. for the B ridge crest stat1on

(Fig. 31) show a significant shift in the direct1on of residual bottom

mot1on from the total velocity progressive vector diagram (F1g. 21 ).
This peak velocity residual seems to reflect the affect of the dominant

southeast swell with sediment transport across the ridge, while the total
bottoa current appears to be moving in a northwest direction along the
crest. Thus, the average velocity resMual of Figure 21 probably does

not reflect the transport direction of coarser sand,

If it is assumed that only these peak veloc1ties are greater than
or equal to the calculated velocity for the threshold of grain aovement,

then the peak velocity vector d1agram suggests that sand is being trans-
ported off the crests onto the landward flank of B ridge by asymmetric

wave surge and that the effect of fair weather wave surge is to flatten
ihe crest of the rMge.

ScubL Dives to Ridge Crests, gvidence to support these calculations



Figure 32, Photo of an oscillation ripple being measurecl

with a mcwiified Newton ripple meter,
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was obtained from scuba, dives on the B ridge crest and other ridge crests
in the study area. Observations of medium- to coarse-grained, short-
crested, oscillation r1pples actively migrating under the influence of
wave surge have been made (Fig, 32), R1pples were observed passing over
the current meter frame and over shells on the bottom, Cook (1969) ob-
served, no s1gn1ficant movement of ripples, in spite of surge inequ1tles
and net transportation of bottom sediment. Newton (196B) states, to the
contrary, that symmetrical ripples m1grate snd that net sand transport
w1thin a ripple field can be unrelated to ripple migration. Scott (1954)
observed r1pple migration in a flume experiment at various wave steep-
nesses and depth ratios.

The presence of ripples and the observed sand transport indicate
surge veloc1ties strong enough and frequent enouth to transport and
degrade the ridge crests in the shallow water areas.

Grain Size Evidence of Crestal Winnowing + Waves. Swift and

others (1n press) have sampled the False Cape R1dges and determined the
gra1n s1ze d1str1bution. We observed medium-grained, well-sorted sands
on the crests and suggest these were swept up onto the crest during storms
and subsequently winnewed by fair weather swells. This crestal lag is
finer and. better sorted than the primary lag of the trough but not as fine
and well-sorted as the very fine flank deposits, which have been winnowed

out of the crests by the waves,

The seaward flanks are finer-grained than the landward flanks.
Th1s phenomenon may be explained by the observations of Keulegan (1948)
who studied sand transport on a rippled bed in shallow water. Coarser
sand is transported as bed load in a shoreward direction as the low swell
crest passes over. However, the f1ner sand becomes entrapped. 1n small



Figure 33. Schematic diagram of winter cond.itions affecting

bottom and surface currents. Small arrow from

Chesapeake Bay represents reduced effluent.
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eddies wit»in the r'pple trough:. and becomes su pended. The suspended

finer sand 1s then transported seaward as the trough of the wave moves

over the r1pple ann the oscillatory water motion rever. es, Thus finer,
well-sorted sand on ridge crests may be transportec. off the crests onto

the seaward flanks.

Minter

Ev1dence from Harrison and others {1967) and previous work men-

tioned in an earlie section suggests that the winter shelf experiences

a general reversal in both bottom currents and surface drift {Fig, 33).

This reversal is primarily due to the obliteration of vertical strati-
ficat1on of the water column allowing the influx of momentum of the

stronger northerly w1nd drift currents to extend deeper, This drift ls
opposite in effect from the "Ekman drift" which 1s characterised by the

dextral deflection of the current with respect to the wind direct1on.

As these dominant north to northeast w1nds pile water against the coast,

the geometry of the shoreline in the Chesapeake Bight causes this water

to move southward, establishing a unique inner shelf drift. Coupled

w1th wind effect is a marked reduction in the effluent from Chesapeake

Bay reducing the hayward flow of bottom water, No monitoring stations
were made during the winter months to determine the veloc1ties of char-

acterist1c fair weather winter bottom currents, However, from wind and

wave information, periods of calm and light winds are not as frequent

during this period and bottom currents are probably not as weak.



Figure 34. A ridge during a northeaster, Waves breaking

on ridge in upper right hand corner. Photo by

Ncgone.
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Storm Hydraulic Regime

The most frequent storms in the False Cape Area are "northeasters".
Nost mid-latitude cyclones ("northeasters") move acro.s Georgia . rom the
Gulf and up the Atlantic seaboard, Host hurricane" in this region also
move north up the Atlantic seaboard. Since the storm centers are usually
seaward of the shoreline, the nearshore areas experience the s rong north
and east winds of these counterclockwise wind systems. During a north-
easter great masses of water are moved southward due to wave set-up pushing
so much water towards the beach that it eventuall; veers and moves

parallel to shore. Harrison and others (1967, p, 72) suggestec that when

the onshore component of the wind increased over the shelf in the north-
ern part of the Niddle Atlantic Bight, a net southerly drift (permanent
flow) may be produced due to set-up on the southwesterly trending coast.
If the storm center passes very close, then the inverted barometer effect
is felt, and an upward bulge of the sea beneath the low pressure center
will occur. The storm surge, or combined result of set-up and the in-
verted barometer effect can move along the shelf like an astronomical
tidal wave, and like the latter, has an ebb and flood, associated with it.

Station 1 in A trough (Fig, 16 ) was monitored during a relatively
mild northeaster and is the only storm data available. The monitoring
began under relatively calm conditions and the current appears to be a
response to a nearly reversing tide and light wave action (Fig, 20 ).
The northeaster developed rather quickly with 1.5 to 1.8 meter seas from
the northeast, The progressive vector diagram (Fig. 20 ) shows a pro-
nounced increase in current velocity and a prevalent southeast current
direction, During this period waves were observed breaking on A ridge
(Fig, 34 ). Water pumped over A crest by this surf must have caused a



Figure 35, gchematic diagram of observed storm currents

{A) on A ridge and the hypothesized fair weather

currents {1),
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local 1ntensif1cation of the south trending w1nd set-up current, The

wind and wave induced hydraulic head over A trough found rel1ef by a sort

of large scale r1p current, flowing diagonally seaward over the landward

end of A ridge, Sea birds were observed to be conven1ng at the 1andward

head of the A trough, suggesting they were hunting fish that were being

swept over the shoal crest of the ridge, Thus the shoreward and southern

portion of' r1dge crest was experiencing a seaward current toward the

southeast while 1ts northern and seaward port1on was evpcriencing a

shoreward bottom current (see Figure 35), Consequently, sediment was

probably being transported from both s1des toward the crest, with net

landward transport over the northern end of the crest, and net seaward

transport over the southern end, If there is northerly transport of

sediment by wave drift currents on the seaward flank and over the crest

of A r1dge during per1ods of'outherly swells (see Figure 35), then A ridge

would constitute a circulating sand cell,
The observations and measurements were made in a northeaster of

mild proportions as would be expected during the summer season. The

currents generated by such a storm are usually damped out after, at the

most, 3 or 0 days. However, these storms are usually prolonged during the

w1nter season and several may pass in rapid succession so that southerly

wave set-up currents may prevail for as much as 10 or 11 days. The winter

intensification of wind and wave set-up is coupled with the lack of

strong strati.fication allowing deeper transfer of momentum of wave drift
currents. Hence, it seems probable that the bulk of'ediment transport

is accomplished during this season.

The effect of a strong northeaster was observed in 17 meters of

water near the crest of'8" ridge in Nay of'971, two months after a very
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intense Rarch northeaster that approached the magnitude of the Gre t Ash

Wednesday 'torm of 1962, Observations were made of large, rounded,

coarse-grained sand waves with heights of approximately I,R to 2.4 meter"

and wavelengths of approximately 9 to 12 meters. Fair weather oscillati,on

ripples with heights of 6 to 10 cm mantled the sand waves, Infrequently

sand wa= observed being transported near the crest of the sand waves,

Troughs appeared to be stagnant with concentrations ot fine fecal pellets

and algae, Avalanche slopes were no longer present, Thus, it appear.".

the sand waves are going through a period of degradation during the fair

weather regime, They are now rounded but were pro'trebly asymmetric sand

waves formed durln the intense Rarch storm,

Inner and Outer Ridges

It seems appropriate to divide the False Cape Ridge system into an

inner group of A and B ridges and an outer group of C and 2 ridges, on

the basis of a limiting crestal depth of 10 m, The division seems

significant in that lt acknowledges a morphological difference& the

inner ridges attach to the shore face, while the outer ridges are isolated.

The inner more shallow ridges appear to be more frequently aggraded by

storms and the observations show that they are sufficiently shoal to

experience significant degradation during fair weather. A ridge, in par-

ticular, appears to be active much of the time, due to a complex inter-

action of wave drift and wind and wave set-up currents. If the ridges

form an evolutionary sequence, then A ridge ls probably undergoing active

formation, while the outer ridges are perhaps merely being maintained by

spiral flow cells associated with the strong southerly storm surge currents

of winte



CONCLUSIONo

The current meter monitoring stations have revealed 1nfozmation

about the fa1r weather hydraulic regime 1n the summer season. One

station recorded the effects of a moderate northeaster. The fair weather

bottom current zegime appears to be a response to the wind and wave

direct1ons and river run-off from the Chesapeake Bay as well as to the

topography of the study area, The shallow inner ridge crests (A and

B ridge) appear to be undergoing continuous degradation by the asymmetric

osc1llatory bottom current of the dominant summer swell, and fine sand is
being transported off the crests onto the flanks and troughs, The finest
sand may be moving seaward as a consequence of the sort of'ipple
fractionation described by Scott (199k), The outer ridges (C and 2

ridge) appear to experience less effect from wave surge near the bottom

and are probably quiescent until an intensification of swell height or

storm surge currents occur. These stations are probably more affected by

the strong stratification of the summer water column, reducing the pene-

tration of wave energy. However, the deeper stations do reveal defin1te

northerly residual currents suggesting a response to the compensatory

bottom water flowing into the Bay,

Storms appear to be the ma)or force in maintaining and building

the ridges. The inner ridges apparently experience frequent rebuild1ng

by south-tzend1ng storm currents experiencing spiral flow. Valuable

information was obtained from the current record of the nearshore station
monitored during the northeaster, pertaining to the southeast deflection of
bottom currents influenced by wave set-up, and the effects of high waves

breaking on shallow zldge crests were observed. This 1nfozmation and

observations of probable stozm surge sand waves on "2" ridge suggest that
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the storm hydraulic regime can affect even the deep outer ridges 1. the

storm 1s intense enough.

The monitoring fell short of completely determining the year

round components of the bottom currents w1thin the study area, Due to

boat malfunctions and rough weather the current monitoring was generally

restricted to the fair weather regime, Some of the calculations, such

as the peak-veloc1ty calculations required assumptions that could be ob-

viated with modif'ications to the equ1pment. Repetition of stations at

similar times of the year would strengthen the observat1ons made from

just one station in one twenty-four hour period.

Suggestions for further work 1nclude hourly measurements of

temperature and salinity to have better control of the water column

stratification ef'feet, hourly measurements of the veloc1ty through the

water column, measurements of the peak velocit1es at each monitoring

period (every 30 minutes), and possibly bed load transport monitoring to

correlate with peak velocity and compare the calculations,
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APPENDIX



10,11 September
1970

R/V ALBATROSS

Nunbsr
nf

heedinm .

56

Mumbo r
or

Hour

28

Wee the r
Wind SW 15/ NE 25
SRy Fair / Cloudy

(Northeaster)

~ptn (m)

9.8

Seel 1 Peri od

9-11 sec

Chop

.3 S

1.5-2.0m
NE

Bottom Currents (cm/sec)
ms 18 min 2.1

mean 5,7
re iduel 2.6, 1'30m

Bottom Character

coarse sand
ripples

Hipp'e
Ho',",h

7-10 cm

Ripple
Wave

Lenpth
17 32 cm

Crestal
Continuity

Asimutha 1
Mrection

Honi torins Systems Used

Bendix Current Heter
Hydroproducts Wave Gage



Pt'iDll I. Dac.=-iption of Nonitoring Station
SO

Station
Somber Data

8,9 June, 197D R/V ALBATROSS

tiumber

oi'eading,:

55

Number
of

Hours20'eatherWind ESE 10-15
clear mild

Depth (m)

12. 8

Swell

SE(145)

Period

9-12 aec

Chop

ESE

~ 3m

Bottom Currents (cw/sec)
maa 6.7 will 2 ]

wean 4.1

residual 3.6, 345S

Sottow Character

rippled, coarse
shelly sand

Ripple
Height

4-6 cw

Ripple
Mare

Length
19 27 cm

Createl
Continuity

5b'7 cm

Aaiwutha1
Direction

Monitoring Systems Used

Esmdix Current Meter System



APPENDIX I. Description of Monitorinu Stations

Station
Number Date

18,19 June
1970

Ship

R/V ALBATROSS

Number
of

Readings
52

Number
of

Hours
26.

Weather
Wind BW 15
Sky clear, fair

varm

Depth (m) Svell Period Chop

7-11 sec light

Bottom Currents (cm/sec)
max 7.2 min 2.1

mean 4.1

residual 3.6, 010

Bottom Character
coarse sand
102 shell
ripples

Ripple
Height

10-18 cm

Ripple
Wave

Length
39-50 cm

Crestal
Continuity

188 200 cm

Asimuthal
Direction

BE

Bendix Current Meters
Bedioad bottles
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APPENDIX I ~ Description of Nonit.oring 3tations

Station
Number Ship

15-16 July 1970 RANGE RECOVERER

Number
of

Readings

2S

Number
of

Hours

14

Weather
Wind SE, Light
Sky clear, fair

Depth (m)

13.4

Smell Period

9 12
ssc

Chop

SE

Bottom Currents (cm/sec)
max 7.7 min 1,5

mean 4.1
residual 3.6, 359

Bottom Character

mud on anchor
no dives sade

Ripple
Hei,ght

Ripple
Wave

Length

Crestal
Continuity

Asimutha1
Direction

3Rmd,toring Systems Bsed

Bendix Current Hetero
Bedload Sampler



APPENDIX I ~ ffs: r riptinn nf Monitoring Station.'tation

%unbar

14,15 July,1970

Ship

thrmbe r
of

Readings
54

Rumbar
of

Hours
27

Weather
Wind SE, light

clear

Depth (m)

13

Swell

ESE

Period

9 - 12 sec

Chop

ESE

Bottom Currents (cm/sec)
suur min15

mean 2.6
0

residual 1 0, 264

Bottom Character
coarse shelly

sand
ripples

Ripple
Height

4-6 cm

Ripple
Nave

I.ength
12-17 cm

Craatal
Continuity

150-200 cm

kaijsuthal
@rection

Nonitoring Systems Used
Bendix Current Neters

Radioed Sampler



APPENDIX I. Description of Monitoring Statiora

Station
Number Date

4,5 Msy, 1971

Ship

Numbe r
of

Readings
47

Number
of

Hours
24

Weather
Wind SN 15
Sky partly cloudy

Depth (m) Swell Period Chop

21. 5 8-11 sec

Bottom Currents (cm/sec)
msx '14 min 1,,2

mean 5 ~ 2

residual 5,6,

Bottom Character
medium sand

no ripples

Ripple
Height

Ripple
Wave

Length

Creetsl
Continuity

isijsuthsl
Direction

Monitoring Systems Used

Bemdix Current Meters
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