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PREFACE

- ‘l’hii’ Cem r~us of Euig iiieers , through its ( is i i  Works program, has spemso reml , over t ime ’ hias t
23 s ears. rm’seare ll into tine behias ior auid ch aracteristics of’ tidal inlets. The ( mu r ps ’ initeni’st iii
t idal inlet rm’sea rt ’ im sti ’m ii~ f rmnn its ri’s 1ion is ilmii iti m’s f’m,r riav igatimiii , beach l ’ ros iomm p res ’e nti o u m
anml i unutro i. and t leu oml m ’ m , mi tr m ,J . ‘faski’mJ wi t h  liii’ erm’al ionm and nnai nt m-na uim ’e ’ III navigable 1 .5.
is at i ’ rw as ~. liii’ Ci lrp~. rm ni t i mm e ls dredges millions of cubic s urds of material each ear from
t idal inlets that eollnm ect t i me ocean wit h bass , i’s t l i a r m m’ s.  amid lagoons. h)es ign and
co l is tructi um i u i  inns ig at i m lmi im 1u rovemen i t s to u ’ x is t i i i g tidal imilu’ts arm’ an important part of the
wo rk of’ mai ms Ciur1is ’ offices. lii st ru m ’ m’asm ’s . design ami d constru ction of ’ new inlets arm’
renhuirm’mI . I )rvi’li ,

~mi~’~m I of ’ iii I ormation i’onc er ui inig (lie’ his drauhic cliarac ter ist ics oh m ile ts is

— 
im porta nt limit mumi s lmui ’ n avi gation amid inlm’t stability, but also because iu i let s . Is alhowiuig for
time ingress of stm i r nm i surge s annul egress of ’ flood ii atm ’rs. play aim im portant role iii the fhush iinmg
mit ’ bas s aiiil hag m) m iu is.

2. ~ l’(’si’arehi program. Geiieral lnivi’st i gatioui of ‘l’idal Inlets (GITI). wa s (Im’sclopi’(l (mu
h l r mu ’ . i t l m ’ q uami t i t a t i ’ .  ‘ data t’or use  iii design of in lets arid m ulct i rmm prov (’m en ts . It is designn’d to
u i im ’ m ’ t t h i m ’ t’eml losi i in g o bj m- m’t ise s :

‘Eu ihm ’ t i ’ r muui i i i ’  liii’ l’Ih’m t” of ‘ .sas ( ’ action. tidal f’los’.. and related ph e n omena ~in inlet
stabi hits an imi mini th u e ’  his drauhic. gem unetric . and sedimentar y characteristics m ,f tidal
ililets: to eles i’ loj i tin- ku i uss lm’d ge neces sary to design effective i iavi gatio i i
iin i p ro s i ’i i ie nm t~. iim ’w iiilets. a m id sa nitl t ransfer ss stern s at existin g tidal in lets: to evaluate
the water tra n isi ’m’ r and flushing m a } Iabihi t s of tidal inlets: and to dei’ine t h e  

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

controlling inlet stability .

3. l’lim’ Gl’l’l is mliv idm’d into three iuia~m m r s t u d y  areas: (a) inlet classification , (I) inlet
hydrau lics, and (m’) i nmlm ’ t  elvnaniics .

a. Iith ’t ( lu.s snj ima lum .  ‘I’hme ’ o bj e m’ tives of tIn’ inle’t clussi ficat iomi study arm’ to classify
ium hi’ ts aeeorllinig to tlu’ir ge’omn m’trv . his drauihics. aumd stability , and to deternlmiule (lie
ru’la tioiishiips tim id i \ i s t amomig time’ g m ’ om i ietric and dy n am ic ch aracteristics and the
m’ni irmrnmm ’ntah factors that n’ irntrol t lu’sm’ clma ram ’tm ’nishics _ T he class ification studs keeps time
gemieral i n iv est i gat io mm elosm’Is related to real iuilets arid produces ami important inlet data base
uism’ t uul iii ( iiu ’ im m lli ’ i i t i i i g flit ’ iiiara(’t m’risti ( s of imil(’tS .

6. Inlet Il vdraul ir ,s. Time ob j ectiv es of t h im ’ inil m’t his mira uhies study ar(’ to define thi(’
ti de— gm’uier atu ’ul flow ri’gime an(l water level fluctuations in (lie vicinity of coastal inlets and
to develop tm’c lmn ii iiies for ~mre dietiuig thiesm’ 1ihii’nomiim’mia. T ue  inlet h y drau lics stu ds- is (livim led
into thirem- arm’as: ( I)  idealized iuilet niodel studs . (2) m’valuatio,i of stat e—o f—t ime ’art physical
and uiumer ieal nnoulels, unit (3) protots- pe inlet h ydraulics.
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( I) Tine Idealize d I n le t Mmumtm ’ l . ‘l’liu’ obj eu’t i~m’s of t lii’~ mode- I s t Iuls art’ to th ’tt ’rn nminie

( hum’ u ’ t ’ i’ect mit inlet uuuil ’i g nm r mu tio ul s and s tr uu ’ t um r m ’ s on mhism ’ hia rg e , hea d loss arid sel uuc its

distribut ioni f o r a nuiunmh um ’r m u! rm’a listi m’ inlet slni 1mi’s imi m el ti d ’’ co ni d iti o nms. tn initia l s m f  m f ’  Im ’ ,ts

iui a t rapm’zuiitlal iuilet si as c mm nm ulu i t ’ t u ’ m i  lw t ssm ’ eni  1967 amid 1970. I (muss m ’ s m ’ r .  iii order that

suih is ei i ueu it in i iu ’t ,nmnle’ls are ui m mu r i ’  r t ’ p r m’ su ’ ii t a t i s m ’  m it ’ rm ’al i milu ’t s. a number m it “iulm’aIi z(’ll

nimmd u ’ (s re~ircsrii ti nig sa r im iums i nmim ’ t  zn mi r1uh iohui g iu’al i’i~iss m’ s arm ’ ln’iuig h’se’Iopm’d amid tested. 1’h~e ’

e f f ec ts u I  j m ’ t t im ’ s a ime t si ~e s m ’ am ’ tj uui i mmii (him ’ u s  d ranih im ’s ar m ’ in mc humhm ’d iii (him ’ st u dy.

(2) Es’a lui a t imumm of’ State’of’ .t luu ’ ’A rt \ lmmmlu ’ h i m ig Tm’c hu nl ie1ules . T he o hu j m ’ m ’ t ism ’ s of th is

h art mu ! tin’ job’! liv mhrauhics .‘~luieh are to de ’tm ’ rnn inu m’ ( 1m m ’ u is m’ f tmlnim ’ s s aiim1 rm’liabi iits of u’x isti uig

hmii ~ 
sical unit ,muniuern’ah nniodelmnug tm ’ m’ blnlii lum ’s iii prm ’uh im ’ ti i ig (lie’ hisdralllic chuaractt ’ risties of’

imi l m ’t— bas —s sti ’ nl is . ‘.uiml 1m m dt ’terunimn’ whether smm np h’ li sts. per forme mi rapidly arid

m ’ m ’ m ) mionnically , are uism’ful in (him’ evaluation 1)1’ 1irm m pmisi’d inlet irnhuros (‘merits. Masonboro l~ let ,

\mi rthi Carm ml im ia. si-as selected as (m m’ prototv ~ie iiih’t whu ichi would he used aiouug with i

Is drauhim’ aunt umunner ical mnmuilm ’ ls iii flit- i ’ salum at iomi of m’x ist im ig teeliuiu lues . In September 1969

a c m m plm ’ t m ’ set of hydraulic and hathisrnetr ic data is as cmutk’cted at Masonboro Inlet.

Comistr ime tim un of the fixed-bed phys ical model isas initiated in 1969, and extensive tm ’st s h ave
• lx’m’mi per formed since t hmm ’ ui _ lii additiomi. t h ree existi n g numerical models werm’ applied to

predict thit’ ilil(’t s lisdraulics. Exte nsivm’ field data ssm ’ rm ’ collected at Masonboro luulet in

August 1974 for use in evaluating time capabilities of tin’ physical arid numerical models.

(3) Protots-1n’ h u r t  Jis-drauhks. Field studies at a number of inlets are providing

illtormnation on prototy~me inhet— ba~ tidal hivm-lrauiic relationships and (lie (‘fleets of friction.

ss as i’s . (ides, and iuilet morphology on thit ’sm ’ relation sh ips.

e, In/el I) r na rnic s .  The basic obj ective ’ of the inlet dv mimics studs is to investi gate

the intu’ractioiis of’ tidal h ow, inlet configuration, and wave action at tidal inle ts as a guide

(mu mnn1mroveunemit of inlet chia,iuit’ls amid nn’arbv shore protection works. l’lw studs is

suibd iside’d into four specifi c areas : (I) model materials evaluation, (2) movable-bed

modeling evahuiat iomi. (3) reanalysis of a previous inlet model study, and (4) lIrototYPt’ inlet

stu mh ies.

(1) Model Materials Evaluation. Th is evaluatio mi was initiated in 1969 to lir~s’it1m~
data on time response of moval)Ie’bed model materials to waves and flow to allow selection

mu f thim ’ optimum bed materials for inlet models.

(2) Movable-Bed Model Evaluation. The obj ective of this studs is to evaluate (he

state’of—t ln’ —art of modeling tedliniqum’s. iii this case movable—bed inlet modeling. Since , in

man y m us e ’s . movable-bed modeling is the onu s tool available for predicting t h e  rcspomls(’ of

an inlet to improvements, tIn’ capabili ties aii(l limitations of these models m ust be

e’stahhisium ’d.
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(3) Reamials sis md ani Earhim’r Inlet \lm,el m’l Studs - In I 975 . a report em mtit lm ’d ,

‘‘h1re liuiiimiars Ri’ 1uumrt: l.abmu r~utors S t inmI ~ ot’ tlim’ Ef fect  c ut  aim t ni( ’( ,nitrm )lle ’d Inlet on time ’

Au lj at ’euit ltm’achnm’s ,’’ is as puluh is h mm ’m i lus (Iii’ H ’ac he Ereusioni Hoard ( m i m ? W  CEItC)_ \ n’m’anals sis mu! ’

tint ’ original data n bring perf ’orunm’ d lii aimi in plaiini imig mu f amlul i( iomual Cl’l’l efforts.

(- 1) Pr uu tmuts pm’ l)s iia umu ics . l” im ’Iul ami d offiee studies of a uiumber of in lets arm’

rmusiil iiug iuil’ornia( ioii miii the ’ u’if ’i ’ m ’ ts md plis s ical foo’i’s and artificial inmprove ’ineults (In iiihi’t

numur~mlio(ogs. (If
, 

particular mmnI(Jo r(ainee arm ’ studies to define tin’ mechianiisnnns of’ natura l sauni

Is ~mass inig at inlets , t hmi ’ rm’s polisi ’ of nhm ’t navigation clianniels to elrm’dgiuig amid natural I iiri’i’ — .

arm ii (h um’ m’ t’f’t’cts of inlets can adjacent lu’a m’hmcs.

4_ Th is rm’pm rt imrt ’s ’nlts results of tim e first pluasm’ of a field studs tmu detlne tin’ Ins d rauul ie ’s

amid dyuiamics of’ Neurth Inlet , Sm uu t le Carolina, a natural At lani tic coast tidal inlet.

F;xj , lui rutm urs fim’ld ar id office st uuh im’s conducted during 1972—74 prm’eeded an im u t m ’ nisi s i ’  f im’lml

s ui rs u’s durimig I 974-75, lIistm,ri~al and recent bath ymetric data arm’ used to dcfi m mm ’ tim e long-

ali(l sh mm ,rt ’ te - ni n stabi hits muf the inhm’t and adjacent beaches. Vi aim’ and tidal data art’ iis i’m l e m

corrm’ lak’ oh ms i’ rsi ’ i l bathis uuuetri c m’ Iiauigm ’s with cauisativm’ 1i r m im ’ m ’s s ( ’ s. ami(l ( m m pr( IvieIe ’ lasim’

inm f mu rmn atio um m ii i  th u m’ local varia huil its iii is aim’ conditions and inlet hmydraulic cliaracteristk ’s. \

subsm’u iuim’nt report miii the last s ear of’ the fiehd study (1975—76) will present additional data

and anna ls sm’s and a summa ry ui signiif icant 

results.6
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CON VERS I ON F-~CTORS , U. S. CUSTOMARY TO METR iC (Si)
UNITS OF ME AS UREMEN T

I, .S. m u — t m  m nmt a i ’ \ um n u it s of ’ m n ue ’~su r em enn t used iii t h is r m ’ I mm u r t ca n ) be converted to metric (SI)
tttni ts as fo l io u s :

Multiply by To obtain

ini(’} i(’s 23 .4 millimeters

2.34 centi m eters

sm 1uarm’ iui m ’ Iuu ’ s 6.432 square cen timete rs

m ’uluur indies 16.39 cubic centimeters

f’u ’ u ’t 30.48 centimeters

0.3048 meters

square t m ’ m ’ t 0.0929 square meters

cub ic f rm’t 0M283 cubic meters

s anls 0.9144 meters

— sm 1nna r m ’ s a rm ls 0.836 square meters

cub im’ s a rm Is 0.7646 cubic meters

mu m’s 1.6093 kilometers

smj uare miles 259.() hiectare s

- : acres 0.4047 hectares

foot- 1mou muds 1.3558 newton meters

mm nnm ees 28.35 grams

pounds 453.6 grams

0,4536 kilograms

liun. b u g  1.0160 metric tunis

ton, short 0.9072 metric tons

dm’g rm ’m’s (anglm’ ) 0.1745 radians

Fahirenlum’it elc grm ’m’s 5/9 Celsius degrees or kelvinis ’

To ubtaimi ( uk i u is  (C) temperature readings froni Fahtreuuhieit (F) readings, use formula: ( = (5/c) ) (F — :52),

To obt a in m Km ’lv iii (K) rm’adiin gs , usm’ foruun la: K (5/9) (F — 32) + 273.15.
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SYMBOLS AND DE F I NIT I ONS

a~, n’i ’a m u t ide auiu 1 d it ucle ’

bas t ide’ amhuhitinlm’

-‘B = surf
’
am’u ’ area c u t ’  basinu

im il m ’ t u ’ rmi ss -s m ’ u’t i mu u u a l area

(~ group was m ’ velmuc ils-

st illwater di’jutIu in which wave breaks

E speeil’ic e’ mu m’rgv (total wave eniergy ier u nit surface area)

g = gras- itationmal acceleration

m ’ Im ’v a t i uin of’ vs’a t e’r in basin referred 1(1 m ean sea lm’ve ’ l (MSL)

112 m ’le’vatie n , of water m u oceauu referred to MSL

11 6 = hui ’i ghmt of breake’r at surf Zone

I l~, = dm’m’p vs ate ’ r  is av e’ hm m’i ghi t

K = Km’ulega n rm’Iuh’tionu coefficu’ri I 
—

I. ‘ = wavm ’ lm ’mi gt hm

I lm’nugt hu of conuniee ti img chianunel (in fricti un m and rep letion coefficient calculations)
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SY MISOLS AN I) DEFI N ITI ON S—Continued

l~ -~ ub c ’ m ’ 1 , wa t m ’ r  sSai (’I (’mlgthi

in - 1i m’om ’t ’f’’im’ iu ’nu t tak emu ~ s I l’mur assuuu iuem l uniform ve hoc it s for aim inlet c ross se i ’ tj oum

ii = \ Ia nuum m u g ’s f’r im ’ t imuni r’om ’f ’t ’ic it’ mi I

I’ tidal Iuri sm m u smul umm ie

Ph tidal prisnnu dm’tm ’ runiu im ’ il Im s ei rauihi m ’alls f re o n I’Ioss uui m’ 1i s t urm’ m. ’ mi t s

Iuum gshuum rm ’ m’ l im ’rgv f lux fam ’tu r

9 
ann nun at Im muugsl u u urm ’ Sm’ e li nuuu’n t tram iSI i m c r1 ra tm’

H hs clraulim’ raml iuis

S = m ’m m u ’r g s slopm ’

T = tidal pm’r i m d  ( 12 .42 hmou rs)

Tb = breaker uvas m ’ 1ueriod

ab breaker angle

A km’ mi legani ’s f riction Co(’ffi c i(’ui t

p = mass density of water

MI fall necessary to accelerate ocean water to e’ho( ’ ltV .

~
II2 = fall nu’em’ssary to ove rcome inlet channel re ’s ista ,ucm ’

13
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(h YDRAULIC S ANI ) DYNAM ICS OF NORT h INLET , SOUTH CAROL I NA , 1974.75

bs-
Ro bert J. I”inb ’v

I . INTROI)UCTION

I. Thi(’ lurobletmi.

T him ’ (un iunnars goals m m1 this studs ism ’ m ’ c ’ tmu gaini a better unidm’rsta uud inmg oh’ t luos m ’ prcmm ’ m ’ssm ’ s

sshu ichu dm’Im’ rminc ’ (tim ’ mnor~u lu mu l m c gs and ti~ draulics of a natural tidal imnlm ’ t and to elete’rminm’

sm’asmuu ia l and Imum ig m’ r ternu c hm a mug e s in 1mnmu ’ess variables Ihrough detailm’d field studies.

\ ariatio nms in littoral j mrov ’m’ss m’s~ especialls louugsbmoru’ current s m ’ l m o ’ i t s and wave en ergy flux ,

sim ’nc ’ iu vm’sti gatm ’m l ami d c orrelations made with phuv s imugrap hy of th e  bm ’ ac ’ hum ’ s adjacent to the

inlet and the c’blu tidal delta. Signih’icauit sm ’asm uu ua l pattm ’rns tied to se asmu t ia h climatic changm’s,

alit1 tIm’ im1nurtamuce of storm ns buro ug h ut out bs- uhusers’atim ins during all t~ 1c m ’ s of weat buer

com iml iti m mu s . arm’ r(’p(urted in dm’ta il .

Iuuh et husd raul ic ’s has 1urinuarilv ium ’m ’nu trm ’ateel theoret icalls or through use of ’ published

tall’s and c har ts  (O’Brien and Clark, 1973 : Kin g, 1974 ’. \It’hta amid llou, 1974). Thuese data

m :m ’ rt a inuls bear anal\sis, but in maniv cases. as O’Brienu (1971) pointed out , surveys

eomn’u’nit rat m’ on navigation channels send, in sornur cases, shoals arc drawn witluout correction

betw m’m’u i sum ’eess iv m’ published s ur vey s. Tin’ problem, thucu u , is to evaluate h~-drauIic

paramm’ters. s uc h as the Keulegazu rep letion coefficient (Keu legan , 1967), and the influence

of indet morpholmu g~ on tidal flow at a natural inlet. In t h e  real situation), the s implif y ing

assumptimum is whiidi arm’ often made in hydraulic analysis do not apply. Th erefore , the study

of ct ur muj nhm ’x natural imulet svstm ’nus will help gu-eatl y to improve tin’ understanding of the

limitations of sinuplu’ hydraulic math ematical models.

2. Meth odology .

Pru’hinuinars fieldwork was carried out from June 1972 to June 1973~ with most of tine

effort cmuncm ’ ,ut ratm ’d from June to August 1972. The fieldwork included a general

rm’m:oflnaissaflc(’ of the inlet area, establishment of beach profiln’ localities , some’ basic

mapping and bathymetric profiling, and current velocity measuremenuts at 11 stations , with

the addition of temperatu re, conductivity , salinity , turbidity, and Secchi dise’extinction

depth measu rements at selected sta~ ons. Beach profiling was generally done monthly, with

special (‘mphlasis on the effects of a northeast storm on 10 and 11 February 1973, t he most

sm ’ve rm ’ stor m affecting the area between June 1972 and May 1975.

I~rom June 1973 to June 1974, beach profiles were monitored regularly, auud extensive

trencluing of beaclu and overwash features was performed. Quarterly 2-wm’ek periods of

intensive study were conducted in July and September 1974, and January and \larehi 1975.

- : - Beach observations, mapping and profiling in subtidal through supratidal environments,
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u’urrt ’umt s e ’ l m n ’ its ami d m h ire ’ c t i m n m nn i m’asu rt ’ nm um ’ m uts . am’r ial ~d u m mlem grim 1 cl m s . ai me t t i m e’  e ’ ( um mt in m uomls
rm’m’orm l iuug mmt ’ t idal t lum’tua(imons ssm ’ rm ’ m’a r r i m’cI m u u mt . Eime ’ Ic stud s p m ’ ri mu e h e ’ tm rre ’ s 1u m , um de ’d to t Ic’
2’uue’t ’k s~mr iI i g tm el m ’ t e u s~ur inmgti de ’ 1merioe l anmm h , ~~ t i m e ’  data later i m nd ie ’ a t e ’ i l .  1i rm ,si m lm ’d a good
‘iam~u I im m g mu f ’ s m ’ j — c m u u a l e ’ hinm i~mt iu’ s ~mr ’ma t imum n .

II. Ph YSICAl, SETTINC
I - ~~~~~~

\ m c rt lu hil t u~ l m mc ’ a ( m ’ el iii ( m ’ cc r g m ’ tm mssu u ( e nu nuts  . S im ui lh i  C~m r m m h i m i , m  ( i ” i g, I). \ hc f i rem xi mn a (e . l s
17 .0(H) am ’ re ’ s e m f ’ h mm ’ ae ’hm . umi~mr~.Iu. ami d ~mel j~um ’ m ’ nu l  ss ueo l la nme l hue ’ t s s e ’em u ‘n\ im us a i m ilas ~m i m t l 11 m m ’ At lant ic

Om’c’aiu arm’ lmm ’i m mg Iim hm l m m  tr u st bus ( lie’ He’ll.’ ‘n\ . llar uue ’ h u I”m nmnm d a t imuu and prm’sm’ rve’el :m~ a
comni~uIet m’ ls mmatur al are a for se ’ i m ’ mu t i l ’Ie - rm’ si ’arm’ Ii. ‘I ’ hm m ’ inm le ’ t and zmm i j a m ’ e ’ um t icu ’ a m - hu m ’ s p rm ms id m ’ a i m
urnm niioe l ifim- tl arm’s f ’m i r g e ’ o m n m m r 1 u hu i e ’ amid u s  miremm i s m iam uu i e ’ i m u s m ’ s( i i t i m cu u s ,

~mo rt h m Inm iet hii’~ wi t h in, t I me ’ l ems sm ’ r ( mmastal  h ’J a i mm ed S c m u u t h u  (
~are,hiua. ‘l’hie uuim lm ’ r lv inig

sm’d imem uts m ’ mm n usm s t (i f ~m ’ uu t ls s m’ass ar tl— di~mp iu mg au nt t l u i t ’ Le ’ n m i u ig sm’d i num e’ nta rs umn u i l s ushi ose ’ re lat is m ’
m ’ l e v a t i o mms rc ’f lm’m ’t I l u mm ’ lu mati mu, ms m m  o ,’e ’amu h. ’ sc ’ l em s m r  t ime ’ llilst 120 n um i lh ion m m ars , as we ll as
region al wa r~m im mg of’ t l mm ’ m ’ e , nmt inm ’n ,ta l marg in. -‘ re’ l a t i se ’ I s  ren i t iu m u mm , i ,s  s m ’ di mui m ’u m~ ur s s m’m l ue n mm ’m ’
I ) r m ’ s t ’ u mt frm ,mri t h e  Lm user ( rm’taet ’cnn s t hi rme ugli tin’ l’le’~s tmm c m ’ , im ’ and Ru’ m ’em it. Thu.’ ~u n rt ’am-m ’
topmigrap his o f’ Gem rgm’tos s - mm Counts anmm l t i l e ’  e ’ e u nm u t s  t e m  t ime ’  im nmn nmm ’ e l i a tm ’ n i m u rt h u . ilmm rr ~ Cou nts
re1uresm-nts 1i re dtm m u u i ui a uut ( s dt ’pos iti u m ua l l a i m e t i l i rm i u s cm uuum posm ’el mut ’ late ’ \h imu m ’ m ’ u mm ’ to Re ’ ee ’ u mt
mariumm ’ and f lumv ia h mle ’ peu s i ts (Thmo mn. 1967) Tiie’si ’ mfe ’ J mm msi t s  h u as m ’ l ,m ’e ’ ni hma rt ia ll~ nmo difie ’e l his
subsequent m’ ros i(unl al i r m  m ’ t ’ sse ’s. h i S  i’ luh ias e ’s e e l  m’ muasta l prmugrada tuuu lu a u m’ bm’m’n reetugmmiz m’d onm
(hit’ uphn’r Sout h Caroh iuma m ’ m , a s t ,  a~ m ’ s im lm ’rn ’e’d Is Plc ’ ist eee ’ m ’ ui c ’  te ’ rr a ( ’m’ m l m ’ } i c m s j t s . Tlimumn (1967)
elm’te rnm irmm ’d t huat t ) mm ’s m ’ dm’ 1ueisits iii llmurrs Ce nm nmt s e ’ m c n i — i s t m - m i  c c l  ii barrie r island bm- iu ium d ssI mich
had acrununilatemi lagm onual and fluvial se ’ d i m m i m ’ ni t~~, Helatis m ’ e l m ’ v at i e mui s ~lhuei5 m ’ hi1’~~ ’11 t sm ’~l level
for the five smn rf a m ’ m ’ s arm’:

(lorry. . - . 60 to 115 feet
Conwa ~ . . 35 to 60 feet
Jaluco . . - 30 to 53 feet
\Iv rt lm’ . - - 5 to 35 feet
Recent - . . 0 to 15 feet

Th om (1967) placed tIme Ple is t mucemme ’ Recen mt cou r tact at 5sor tli Imilet at the we’ster mn edge tu f
the present salt m arsh , w imic l u is shiowni as a dashiline in Figure 2 (National Oceanu Survey
(NOS) ch art II 532). Elevations along tire marsh margin are 6 to 8 feet , indicating that this
is probably a continiuatiomi of the M rt lm ’ surface.

A well drilled in 1973 a few tenus of feet west of the Pleistocene-Recent C (ufltact in time
study area revealed unconsohi(late d sand and clay with , a sluehi h ash at its base down to the
18.5-meter depth . At thua t ~uoinul a sharp contact with a dense microcrystalline limestone was
enceuuntered , indicatirmg the top of the Upper Cretaceous, probably tIme Black Creek
Formation (I). Corner, personal communication, 1973).
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Figure 2. Detail of North Inlet bay area (based on NOS chart 11332).

18



— “~~~‘~~~~~~~~~~~ ‘“ ,‘_ ‘  “_‘ ‘~ - 
—n—— - W’~~~ ’ T’s”r- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “C’ ”C

2. Regional Clinimate.
l~aim ul ’a Il ami d t , ’ rum 1mm ’ rat ui rm ’ chua ra m’ t c r ist im ’ s at \ ,ur (hu b muie t , in ntm ’r 1mol a l i ’d f’rm m n uu data m ’ m , nmtmm u ur ed

• Is l ,auue lers (1970). are ’ as l’e u hl e uws fmr  t ime ’ base’ period 1935 to 1964:
(a) Ai m ur ual au m’ r ii gm ’ rainifahl: 124 m’ m’ nmti m nim ’ li ’ rs (48 inm(’ lues),
(tu) Jaumuars as c ’ ra~ m - mnmaxi nm unn tm ’nu 1mc .r~m1unre : I 4°Celsius (57° l”alirm’ ,ul im’ it ),
( m - )  ,J a um um ar s av m ’ ra~ m ’ minmiuiiun uu tem perature’: 15°Cm’Isius (38° I”aiir .’nhueit).
(il) 1 uls as m’ragm’ m u u a ~ iuim umn te ’nulum’raliure: 3 1 ° Cm’ ls uus (88° l”alm renhie’ it), ami d
(.‘ ) Juu ls as c ’ ra g m ’ nmu in u im ii u m ni tm ’nni ium’ r imt ul re: 23°Cm’lsius (73° I”a h ire u mh u m ’ it).
%~. mini pa ttm ’ r u us m m hms , ’ r s m c i  a h,mu a rel s h i p for t h e  2° latitude o hm s e rs -ati un u s 1u uarm’ off time coast

mci South ( anuiinia arm’ s m mnmm rnu as - izm ’d inn I”i gu rm ’s 3 and 4 (1 .5. Naval Wm ’ at hmer Sm’ rv ice

m mn i mnaui,I. 1970), T Ime mu vm ’ ra ll I ) a t te ’ r mi  ( Fig. 3. a) s l m mu w s tin’ inflimemice of extra—tropical
m ’s c - h m  m n u m ’ s. cur nmm rt l ie ’~ust s t o r uur ” . Is time ’ 1u- m ’ s i ’ n i m ’ m ’ u f peaks imi t ue  nort lum ’ asl anm(l .‘asterui sectors.
‘II u sc’ w iuuels are ( hue ’ dunn imiant us inds on tiuu’ Sun thu Carolina m’oast auu ml are the most
inuu luorta ult wave gen mera t mirs . Southiea.sterls- and southerly winds generally result from
m ’ mrm ’ nl l at imm arm nm n i m l t lm m ’ w m ’st m ’ u - u u sim lm’s of higlm-pressure systems. Amit ics-c lmunic circulation
ar m umu nu d t hum ’sm ’ h i gh s  prevails during t ime summer months , briniging w arm , moist air to t Ine
s m u um t iu m ’a st. ‘l’huis 1uat te rum is modified b eau s liv th understorm s w lmic lu build up in t lmm ’
aft c rn i m uom i h ours , T u  m ;on n m p lt ’ tt ’ the 1mat tt ’ r ,m . w es t and north west w iflds usualls rc’s uml t f’ronni
apj uroaciiing l’rom mtal s\ s ( m ’ nm is . uic uta lu ly winter cold fronts , amu d are ofteu i muf m’mu nside ’ ra lmle
vm ’ l m~ - it~ . but m uot a 1u p rmu a c lu imi g that of sm’ve re north east storms passing over or south of the
stunis are ’a. Northeast storm cente ’ rs ~uass inig uiorthi of the stu ds area mas also producm’ wu ’st
cu r u m ( urt i i  west wi m ud s .

Figure’ 3. 1 shows the pm’rccnutage frequency of winds greater t lman 21 kuuots. Th is cutoff

lu~ ifl t was sm ’ lm’n’tm ’d si n ur m’ time next lower velocity category in U.S. Naval ~Vcat hier Service
Cm mnm u n na uitl (1970) inicludes data m m  tin’ relatively broad category of 11 to 21 kurots. \\ esterl y,
niorthi wi ’sb’rls , and muorther(v w inutis are often stron g and associated wit h fronmtal passage. but
thueir m u t’fshiore direction (lot’s not gen erate wav es with any major effect on the Nort lm huilct
h -ae,hies. \ Iost cs- clonic st(mrnns travel along tlue eastern edge of cold, h i gh-pressure airmasscs

w ith time rm ’s tm it that offshore-directed nort h west winds “blow down” tIme sm’s developed u s

nm mur thiea st m’r ls w inds as the front moves into tire coastal area. Such a movement pattermu of a

low-Ii rm’ssu r.’ system alo mmg a cold front was followed by the major northeast storuui of
F’ehruary 1973.

%% m u d  patterns (Fig. 4) are m’ leanls seasomial. January is influenced bs’ t h e  wm ’ste rlv ,

nnurthiwesterl v .  and niortimerl y winds of frontal passage: March s hu muw s a pattern intermediate
bet we e ’nm wintm ’r amid summer , with south erly and southwesterly- wind frequency bcginnimig to

iumr reas ’: July sh ows t ue  prevailing southwest summ er wind~ amid September is influen ced his

t ime e~’ -mi r mant northeast stormw uu id . These moum t} us were chosen because thm’v correspond to

flue month s of quarteris fie’ inl studies during tin’ 1974-75 study period. Nmut e that a

sum bordinate nme ur t hm m’ast peak is present f e r  th e’ 3 auiuary anti March periods . as ,lOrtlu(’ast

s ic  mrn i i s m Imi oceti r. bum t with , lesser fre’,hueun’s thurotiglm (lie’ wim ute ’ r and into t h mm ’ earl spring.
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Figure 3. Annual wind directional frequency, offshore South Carolina
(based on U.S. Naval Weather Service Command, 1970).
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Figure 4. Quarterly ,wind directional frequency, offshore South Carolina
(based on ( .S . Naval Weat her Service Command, 1970).
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SImi 1ul,e,ard su rfac e ’ w ind c ’ h c cj t im ’s are’ simowur in Figure 5 for time are a t runm m 30° to :3,5° N.
lat i tu de si mm I 75° to tlO°W. louu gitunle (1 .5. A n u s  Knigin n e ’ m ’ r l) istriet , CIuark’stuui , 1970). AI s m
shim c us mu is surtaee w inmd data at Ch iar lest oum , South Carm ilinma , iuuclud imig ave’ ragm ’ us iuiel s-m ’ h m , c ’ i tm m ’ s
for a -t7-~ ear pc’rioti. ‘l’hui’si’ data agauuu inidicate a 1irevaihiuig winuel frm nim th e’ se ,um t h iwm ’ s t , but time
donuuinuant or strm uulgest wind l’romn time ’ uuo rt hmm ’as t

Tin’ \hidmIle -~t lamitic State ’s suffe r h u r r i c a n e danu mage due’ to storms nnmovimug omu sh more from
the \ tlaui t im ’ ( h’eami , nuo v inig offshm m ure ~ef tm ’m - c - m m  cssuu ig m ,vm ’ r iamud l’rmum t I me ’ Gulf of \l m ’ x i m ’ c , mur
mnim i\ Hu g luimrallt’l to (him ’ m - m c a s t .  ‘l’hie l a t tm’r  nmio s e ’n n e mut results from jun ’s-ailing wc’sterly us m inis

altering (hue st o rnm m tracks toward t h e ’ uuort huea st as they heave time ’ trtup ics amid m m/s m ’ mmo rth u of
:30° N, lat itmude aumu i is time ’ uuu c st m ’ em n m u um meu u i  am- m ’ on’eh imig to A laka (1968). T ue m ost rm’cent
hurr i c amum ’ tianm iage’ occurred ou m 1 5 ()t ’tej ber 1954, whmm ’ni us -m itts r(’~rhu ifm g 100 miii’s per Iuour
sst ’ rm ’ rm ’t ’m rm he ’ el 5(1 ki lomne’ter s u m e urthm of Nc c n t h m I ,m hm ’ t at Ms rthe Beach . I )estruction due to

tro pim’ai stmu mm s has  occurred 10 ( mm I S t i m u mi ’ s mci  t hu m ’ pe riod 1901 to _ u 55 for South Carolina.
a c c ’ c c n c h imm g to data coin t uurm ’d by time ’ t .5. \\ e ’at hier Bureau ( Lan ders, 1970).
3. Local Chimuuate at North inlet.

l)unim ng the ’ m 1imart e rls 2’we’ek field 1uerimuds. sv inml s m’locity and directionu were measured at
Nm urthu lum lm ’ t duniuig dayligh t  h ours. Ohsers ationus w m ’ r m ’ made huo uur ls in Juls . but hccanne
luihuonur ls w ith additional rt’adimrgs durimig tim (’S of wind change for t ime oilier periods. During
jan ruars field ~tudie’s . nuort hie ’ast us m u ds predomninateel (Fig. 6, a), ami d 44.2 percent of all
reae lin igs f m - i l  betwm ’u ’nr miorthu ’ um ort h i e ’a s t ant i east- north u’ as t; the strmu nuge st wind s also came from
th ose (hirm ’ctiuuis (Table 1). %)~ catln’r during time period was generall s - poor with heauv
m us m ’ n c ’ a s t .  mnuch ra in, and us mu d gusts up to 20 miles per hour recorded from the northeast.
Cmum parm ’d to tire ’ longe r ternn wind pattern (Fig. 4. a), fewer offshore-directed winds
associate d with frontal passage ’ occurred than would have hn’m’n expected.

\ Iareim winds (Fig. 4, b) appear to be a transition betweemi the w init e r pattern and the
sunumer tr m’nuel toward southerly and southwesterl y airflow , as the fre quency of the latter

begins to in crease . March field (dhuse ’rvati m)ns (Fig. 6: Table 1) show uuortheast and eastern
peaks us hu ieh u we re’ accompauuied b~ stornny weather , hum ’a v rains (up to 2.05 imuc hues in 24
hours). anieh m’x tensivc flooding in South Carolina rivers. North Inlet sahimuities we re lowered
(described in Sm’ction ‘s 1).

Time genueral summer pattern of southwest winds (Fig. 4, c) was not sm ’ m ’ uu at North Jimlu ’t
(Fig. 6, c): inustea d , southerly winds dominated. It is possible that this shift represenuts the
effect of friction osm’r time land surface , since t h e  long-term data are derived from shnpbm arnl
oluse’rs at ieun is (I). Nummeelal, iucrsonal connmunicatioum . 1975). Thunderstorms occur red
almeust chaiR , most m) l te ’ m r irmum 1200 to 1400 hours anud 1700 to 1900 huours. Associated
winds we’re gusts and highly variable m u  directionu , with one ins tance of 30-mile per hour
w i m mels lasting j ust (uum’r 1 h o u r, ~um ’ m ’ u mnnpauiied Iv gusts Li~ to 45 miles per hour.
T hmu ne l m ’ rs tm m rn uus ge’nerahl) nnovc’ d from tin’ se uut huw m’st to the ne)rtheast , but several stm rmn s
rc ’v c ’ rs m ’el ehirm’ctimm wheui reaching the ocean and h eaded back toward land with a strong
onshore w inch m’c>nnpou irnt. -~mi increase’ imm wave hietght was almost immediate’ in su ch cases.

wit lm hu u g hu wa s m’s lastitug several hours after the ti ,unuele’rstomm had mlis si 1uateml .
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Figure 6. Observed wind directional distribution, North Inlet.
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Table I , Me’ani wimmd uehoe’ itie’s (miles per hmoun) observed at North m u d .

Obsen’atioui periods

Dir. 
_________- 1974 

_________ ______ 
1975

26 July t(u 2 Aug. IS to 28 Sept. 2 to 15 Janm. 14 to 26 Mar.
N \ h- . 3,3 (3~ 3.0 (2)

N I- .. ( uT  (20) 1 1 . 1  (11) 8.2 (9) 1 3M (3)

I-; NI;. 10.5 (6) 7.8 (8) 10. 1 (13) I 3M (7)

F ; . 7.4 ( 7)  3.3 ( 10) 6.0 (7) 8.9 (7)

6.1 ( I i )  8.3 (4) 3.0 ( I )  11.0 (4)

si: , - 7, -I (13) 3.0 (2) 8.7 (3) 2

7.9 (23 ) 8.0 (1) 5.0 (1

S. 10.7 (36) 6.7 (3) 5.0 (1)

6.0 (-1) 4.0 (1) 12.0 (3)

3.8 (-1) 1,3 (2) 6.8 (4) 14.0 (6)

W SW . 7,3 (3) 9,3 (2)

W.  4.0 (1) 8.7 (3) 11.5 (10)

W N\\ . 9,0 (1)

NW . 2.11 (2) 8.3 (4) 14.0 (1)

34  (3) 3.7 (3) m~~ (5)

N - - - - . - .
~~~

—-
~~
.

I”igurm’s inn hm ar e’ m m t h um ’s is ini ml im- at e ’ nuuri bm’r of re ac t d igs comi tn ib uti u ig t (u cacti nneam u.
2 No readimig c )U(’U m m d  withiini -o m l i pass Juoini I.

Th e’ Se’hute’nibe r wind patt e ’ rn m (Figs. 4. d anud 6. ml: Table I ) sh owed hu i ghmest s e ’ lmum ’ i t im ’ s anmd

gr m ’ a t m ’s t fnn ’q ui e mue i m ’ s from tine’ uuort lme’ast quadrant. A substanitial num)rtheast storm occurred

during time ’ stun mis 1 enod. resulting in sc’vera i c las s muf uiort hieast winds arid time ’ greatest —

frequm’rmcv of sountiuward ’dire’cte’d wave ’ m’ num ’ rg s flux of ans field period.

Siuue m ’ J im mie ’ 1972. thin’ nuost severe storm ss as tIre m’xtra-t ropical cs clone of 10 amid 11
Fe’bruars 197:3. which bm’gami in the Gulf of \ Ie ’x im ’ mu , move d across northern Florida, ami d was

locate’ d off Sou t h Carolina aurd North Carolin a Is 1300 hours e’ .s.t. our 10 Februan . wit h a

central 1c ressum r e ’ of 988 millibars. -\ recor dinrg anemometer at North lnrlet failed after

re ’ae h iuigs muf 60 mile’s j im h our, -\ Sverdruip.Muuik’Bretschmne ide’r wave ’ hindeast (~ .S. Arms ,

Corps of Euugiuie’e’rs , Coastal Enrgine’e’rinug Research Center , 1975) gave an estimated
sigrüf icanit us a s m ’ Imei ghit of 10.5 f e e t .  and ann estimated significant wave period of 13 seconds

at Nm irt hi Inlet. Time rc’su lts of (Iris storm are discussed in Section \ , 2. -
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I. Tidal hteg im mm e ’ a imd Shie ,rt .Te rm mm Sea Level Chiamuges.
Thi n’ imd ~u l rc ’~ u i u mm ’ at \ m m rt i i  lu i l m ’ t  is sm’nn ie l iuu’nma l wi th a i runm~ u mum m’ e I e hiu rumal im m n ’ mj ua l i ts  , ‘l ’ hnm ’

1 cmmhcl is l im ’ c l  ‘I’ue lm ’ ‘h ’ alulm ’ s ( Nat i m eum ~u l () m ’ m ’a nmic am id -\ t nnio s iciie ’ rim ’ \d un uiuui s l rationi . I 971) g i u c -  t I n e ’
l’m m lluss m u g  nh:uI ~u, ss hul m ’ hm s h u mm n nlmi  le e ’ um nusi i h n ’ rm ’eI mi nds as ap~c mn ,x i m uma t i cuums :

\hm ’~uim t imi m ’ lc ’~e’ h al ,m uu c ’ uuue ’ aum h iss suahi ’ ,- (\lL’s% ) mI~ulumn i :  67 e ’ e ’ mit i m uu e ’ te ’ r s (2.2 i’m ’ m ’ t) .
nu id ’ a nm raum ge ’ : 137 m ’ m ’ ni t i nm im ’ t m ’ rs (4.5 h’e ’ m ’ t ) .
~us c - rage ’ —~cr im ug m- a nng m ’ : 162 c ’ m ’ u ut i n um ’ ter s (3.3 i’rm ’t). ami d
e ’~ t mt ’ r u um ’ uud ’ a 1c rzun m g m ’ : 6-I c c u u t i u i n m ’ t e ’ r s  (2. 1 f e e t ) .

‘Fi ne’ asen age diurnial i u mm ’ m 1 m i al i t s  e ’alm ’ul atm ’d l’or , h u un u i ’ . Ju ls. anne! - \nn g u ist 1972 %sJs

ce ’ mit im mme ’ t n ’ r s ( 1.2 1 f e e t ) ,  w ith m ’ x t re ’ mm i m ’ a l um ’ s o h’ 0 m l uuri nmg a mue ’ aju ph ase ’ to 67 m ’ e ui t i im im ’ tm ’ ns
(2.2 l’e ’ m ’ t  u he ir in ug a s p run g pliasi ’ . ‘l’ IuI~— i m u m ’ m 1uial i ts co nt ri hu itm ’ s te c t h e  siguii l im ’au it sariati en i inn
so luune’ hs ’ t s ~ ’ m ’ n~ s u u c c ’ ~s j 5m ’  l le cm cei am id ebb  tidal J cri sumu s e’ m,nis itlered im n S c ’ c - t i omu \ I.

‘l’ieial u ’ i m -s ~~t ieemis we ’re’ ce unmt imu uuuuu sh s re’corde’el at thire’e Neurtlu lmnle ’t lmu m’ati on is: \un  oe - m ’ an c
ga ge ’ oft ’ N mmu ’ t h i  Is lanud . ami d t id al u’ rm 7e ’ k gages inn ‘I’ous-n Crm’e L anid Jou im’s Cre’e’k (Fig. 7). \ Ieanm
t id al range’ ss ,us grm’ate ’r t l iau i tin’ 1uubiishued pre’elictions . aur d a st a t i s t i v a l l s  signm ifi(’annt
dit ’ f e ’ r en um- m ’ i n n rauugu ’ has ht’riu found amnmo mng these’ th ire ’t ’ hucatio nms . t sing t ime \ecs e ’n ibe ’ r 1974
data as ann m - ~ am mi pic ’ . f bi’ nie ’anu rauugm’ (ca le’uhat e ’ml fmur 62 tidal es elm ’s ) us as I 30.6 ce’nutimt ’tt ’rs
fmur t ime ’ - ca , [-i4,’~ - m- , u t uuumm ’ tm ’ns fmur l’euuu’ii Crm ’m’k . ami d 140.2 ec’ nitini e ’tm ’ rs feur ion ic’s Creek .

lie k5 aiim ! ( r  ‘- l \  ( ) ‘:‘- I ) prm ’sm’nnt t ’d Im lots m e t ’ s m’am lv nnm’ami sc ’ U le vels ( \ISL) (average’ of
hmoun is s m’a h m ’ se ’ l  hu c ’ i gh u t —  mmlc taiur e ’ d f’ronrm an aunale g ti d e’ giugm’ o uc ’ r a pm’riom l of I ealn’miela r s e’ar)
frm un mr various NUS tin le’ gag ’— . Figiurc 8 was take’un from these’ plots anmd iuicludes thin’ m m mvi - for
Chiar le’stonr , Smuu thu Caroh im ma. swi ne ’ 60 mile’s to time ’ soti t h u uf Nm nt ! lmik’t , as we ll as for m ,t hue ’ n
east coast Itucat ions. Time Chlar le ’s tm ffl rate ’ e uf mist’ of 3.6 1 m illimeters j m m ’ r s-ear is luase(1 omi (lit’
slope of a hm’ast —sq uar e’ line ~ rc -grc ’ssic)mr fit to time data sm’ r ic’s. wliicir for Chiarlestomi cxte ’nnds
from 1922 to 1 t )72 Cm mputiuig se -a level rise from 1927 (tine date of tI ne ’ North Amt’ricami
MSL m a p  datum) thunoughr 1974 , tine’ 3.6! .nnillimeter rate y ields a 1 6.96.cemrtimete’r relative’
sea  im’vt ’ I rise at North luriet. Th is extrapolation appears reasonable since time adjacen t c-curses
are sim ilar in shuape to the Charleston curve,

To determimre water levm’ l differentials, all gage’s were leveled to a common datum using a
Wilde’ 1-2 tlreodolite. The survey was camnie’d to a trianrgulatiorr station tt’rmed inlet . liucated
our a sandy rid ge’ in tin’ marsh northwest of time inrtersection of Town Creek and Debidue
Creek. Time recorded elevation of this station, 1.4 nretmrs above MSL, could be ±1 meter iii
error (Dracu p, 1973). Th erefore , the 1927 \ISL datum could not be cumtercd inmto tine tid(’

records. A local mean water level (MWL) was established at tine ocean and Town Creek gages
by averaging sets of hourly wat m’ r levels os-c r a 2-wee k period of tide records from Jan nnmary
1975. Some 480 data poirrts were used at eat-hi location.
5. Sediment Characteristics.

Sands at North Inlet generally h ave a mean size in tine medium (0.50 to 0.25 millinreter.
1 to 2 phi) to fine (0.25 Ic, 0.125 millimeter, 2 to 3 pin) size ramrge’ . The finest m aterial
occurs on ebb t idal dehta sh oals, while time coarsest occurs in time subtidal chmannnels, where it
is intermixe’d with sirell fragments, primarily the eu ys te ’ r Crassosl re a virg inica wh ich groWS
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Figure 7. Tide gage locations and mean ranges (Mn) for November 1974
(based on 62 observations).
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Figure 8. Sea level rise curves (based on h icks and Crosby, 1974).
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a h u n uu m da umt hs .ilmeu ig ti me ’ n’ re’e’k banks amid iii fre’e’ ’sta uue linm g m i ’ m ’ fs j i m t ime ’  t i d al m’ re ’e ’ ks .
\h i ume ’ ra l m e g ie’a lIs - , t h e ’ s~imiel ’s ize’ s e ’ d l inmum ’ um l  m ’ m , uisisls cii ’ quartz us i t h i  3’ t e e  I 0— j m er e ’ e ’ m i t  sh e’ ll ele’ ii ris
anm e l a h im - ass  umu inme ’u -a l l’ra m ’t i m u ui of i lm nm m ’ n n i te ’ . e’p ie lo tm ’ . iiei rumbl eunde ’ , sta mur mih ite . ami d zi re mum (T ium unmi .
m l  at.. I97~ ) h4ive rs snqmp ls hi ormm bl e ’ u u elm ’ amid epielote’ . ss-h m im’ Ii are ’ j urinu mar i ls ulm’ r ise ’e l fre inni t ime ’
hm ie ’ e hm uno ni t , be ’ m ’a u mse ’ time ’ Coastal i’ iaiuu seel inn m e ’ nm t ~ are ’ re ’ lalism ’ Is ele’ t ’ ie ’ ie ’ n it j i m lhm e ’ se ’ ic ’ s— stable
nuiuim’ra l .—j u m ’ e ’ ic ’ s ( Ne’j lne’ isi’ I . I ()(~5)

Al l s m ’ e hinm me ’ mmt sa mun hih e ’ s j i m 11mm ’ iuc ’ ae ’ h u a mim l iii te ’ rt im hai shimcil e ’ u m s i re umim m me ’ u u h ~ ss-e ’ re ’ cedlee te ’cl his
re’ num uv iuig th e ’ t m q i  has m r .  ushu ie ’ l m gc ’ u iu ’ ral ls c - c emi t :u i um s a lag ed sam mel .size ’ sh ell l’ragmn e’ m uts . a mid u s
s~m uu m~uhiu ig a his i ’m  sev m’ral g raimm s t hu im’k i m mm n mn ’ e l ia te ’ l s  he’ le ss . C hm a umu mm ’ l h ie utte u uni s an m m~m ie ’ s we ’ re ’
I~uke ’ u i us it im a :i um ‘

~ e ’ m ’ mm grab sam um p le’ r. I~a huem r a tm rs auials “Is ut ilizm ’e I time ’ se ’t l l inmg s e ’ lcuei t s

~nm’ i m mm ’ i phn ’ i d ’ t ime ’ his mi rauhie ’ F m h tu i s a hm ’ mm S c ’ eh imuu i ’ mut  .-~nials ic- n hmnu ilt bs Auman u (1972): parameters
use ’ re ’ m ’a h ’ tml atm ’eI ums im m g t im e ’ gra~i h m ie - sIah is t i m ’ ~ of l”m mIL (1968).

l’hie’ avm ’ra ge’ nni m ’ a n m graini size ’ m c i  I 7 n mm i e l t i e i m ’  I m ’ s e ’ l  hue ’ am - I u sa u u m h m hc ’~ (‘O hle ’ (’ tm ’ d onm l)ebidnme’
hslannh (at 0. I 0- n im i hm’ imi te ’ r s als) iii ~u nguist l97’~ us as 2.03 iihu i. A sinnmi lar se ’ t e’o lIe’ctt ’el m u

l)e ’cm ’ mnm bm’r 1972. hua nl ai m as m’ rag e ’ uu me ’ am m cmi 1.93 1ciui w i mi e ’ im i~ a se ’ rs small eii h’I’e ’ re ’mnce ’ ceum pare’nI
to time earh ie’r eIz uta (Taiule’ 2). -~ sm ’ r ie g c ’  s t a ume la ur e l e m ’s iat i e eum s c m 1  0.33 an mel 0.37 ph mi , rm-s i c m ’ m - t is e ’ l s
inrdie’ate ’ s-m rs usm ’ hl sm rte ’ el se ’ el i nn ienmt s : t h ue ’ re i ’mure , mu u e lj l’h’e ’ rm ’ uu e -m -  is aqm pare ’ n it h u m ’ t w e ’ e ’ u m sumnu nre ’ r
aum el ssiu mt e r im nt m ’ rt ie lah h m e ’ am ’ hn s m ’ eli nn r e ’ m its c a m h) ehu ielu um ’ ls lau uel .

\ se’le’cl ieuui oh’ sm ’eh in ire ’nt e ’ huaraete ’ ris t i ( ’ s f reuu mm 11m m ’ ehnuuie ’ . be’ruun . ami d imute ’ rt ida l e ’ m ms - ire ,nrm n e ’ , mt s
is gis-en j i m Table’ 3. ‘e\ i t hu i i u  m achi e ’ n rs -ir ncuim e ’ nmt ami d at e ’achm le,e’ati unm t ime ’ s~unm u pim ’ s eiul Ie ’ m ’ t m ’e l ss m ’ re ’
span’e’ti 6 nnete’rs apart almuurg tine ’ 1mr euf j l e ’ h inm m ’ . -\ me’au i s ize ’ euf 2.02 phi m for t h mm ’ clu rim ’ sanmn 1 elm ’ s
and 2.1 7 plm i for all other beach sanu ij ule ’s i rudft ’a tes the thimnua,nee ’ of fine sand lli reuum g iiourh
tine ’ Nmirt in Inlet enrviromi mneni t. w lij chm is e’o rre ubo ratee l his aeleli tin omal s m’eli n rm’nmt data h u r m ’~ ’n (eel
m m  Talule 4. TIne eur tire ’ Smuu (Ii Carohinra coast is deu iniuiated Is f inme ’ (2 to 3 j u ln i). rive ’ r—sum ~up h ie ’eh
se’ dimennt because’ tine’ rive rs re’wo rk Coastal Plaimi sr’elinnenuts amnd also d rain e le ’ e ’ 1ch s wi ’a t him ’ rm ’ el
Put’dmonnt re m e - ks . althm ou gli time aiisohu te ’ ammuunnt of sa mnd re’aeli inig time ’ c oast is sumn all . Time ’
nearest major nise ’ r , time ’ Sauite’e’ (Fig. 1). has  lower rm’achies dominated [us l ue c ttmun n sm’el innm ’ nnts
finer thu aun 2 plni (0.25 mmrilhimete’r ) iii me’elian d iameter (Step huenis , et al.. 1975). TIme gm’nme’ralis
well sorte d (S = 0.35 to 0.50 phil) to mmueierately well sorte d (S = 0.50 to 0.71 m imi) nnaturm’ of

all time sannj ules imreh icat es thin’ Ie’x tural uun ifeur mrnits m f  time seelinre’mits : t imere ’fore ’ . it see ’niis t hrat
thnere’ is little’ tinner sannd availaiule’ to i)e’ 1ure’ le ren mtj ah lv inrcorporated immt o w indhlowmn dumue’s.

Samples (Table’ 4) were collected at tine hocat ionr~ shnowmr iii Figure’ 9. winich, j un mucus!
cases , we ’ re ’ e’achu occupied at ie’ast Issu e’ during the four qnuarte’rlv field study 1ueriods.
Comnsistent l y, fiure samids (avera ge’ mume ’ a m m size ’ 2.34 ph i feur (‘igl mt samples) we’re’ founnd on tine
chan n el-margin liune’ar bars (statimnms 9 ami d I h ), whme ’ re ’ comista unt wave ’ act j e um r results in s m’ rs
well to well.sorte’d fine sedimerm Is. Cimamiunel botteum saurels euf tine’ e’bb tidal (Ie’lta (statim uns
13 to 16) are nnedinu mu san els. sus m ’ p t fre ’e’ oh flume ’s bs- tieha l eurrennts , aurd conrtaimr iirg mmmcii sh e’ll

lag material . Th is is e’speeially- true’ of statio mr 16 at tIre ’ imilet t inroat wlmm ’re eurrenuts renrove

most sand and time saminple’r me’ e ’ m us - m ’ r s primarily sh e’ll (3 (mu IS ce’mrt inreters) amrd small
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Table 2. Debidue lslamid intertidal sediment characteristics.

—
~~ Aug. 1972 Dee. 1972

Lot. M ’ S2 M S
(phil) (phi) (phi) (phi)

—I  2.16 0.30 2.04 0.31
( 5( 1) 111-h 0) 2.13 (5.37 2.26 0.21

2.1 2 0.44 1.71 0.38

2 I .86 0.40 I .43 0.36

:t 2.08 0.31 1.94 0.37

4 ( h) h~i-20) 2.O i u.31 1.75 0.33

S I .91 0.42 1 ,88 0.45

6 1.78 0.38 1 .99 0.29

7 (I)hll.25) 1 .99 0.40 1.99 0,32

8 2.03 0.35 2.03 0.35

9 2.04 0.32 1.9 1 0.3 1

10 2.13 0.32 1.76 0.41

11(1)81-30) 2,11 0.32 2.56 0.32

12 2.01 0.33 1.77 0.35

13 2.19 0.34 2.02 0.29
14 2.14 0.38 1.87 0.4 1

13 2.10 0.29 1.86 0.36
Graphic me’an size,

2 Graphic stamidard deviation (sorting).
\U’l’l’: Location indicates distance south (negative) or north-

(positive) of profile 1)81.10 (zero) in 1/10-mile increments,
as sh own on s ke tc h below , 

_______ ~~~
_ ‘ Debidue Is land
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‘i’ahhe’ 3. l)ebidue Island sedimeni cilara(’ teristics.

l.oe’ . F umvirommnm emi t \h I S2
(phi) (h u m )

1) 131- hi) mIn ni e ’ 1.94 0.48
1)111- 1 ( 5 du un mm ’ 2 (53 0.49

1) 131-20 e l n mm u r I .137 (5 , 31
1) 111—20 ch u m mum ’ 2.07 0.33

1)111-20 el unn c’ 2,01 ( 5 ,13

l)i3 1-2() e l m m num ’ 1.73 0.73

h)ilI-2 () clinic’ 2. I-I (5.43

1)131-20 clii rue ’ 2.0~ 0.43

1)81-20 bm’rm 1 .86 0.31

1)111-20 be’mnm n 2.14 0.37

1)131-20 inntm’rtielal 1.96 1). io
h)h3l -3 () hue -’rm 2.03 0.49

1i13l-3() berm 2.23 0.43

I)B1- 3() j im tertielai 2. 14 0.39

1)131-30 inntertidah 2.23 0.37

1)131.30 in tertidal 2.23 0.4 1

Dlll.30 intert idal 2.44 0.36

1)81-30 intertidal 2.36 0.39

Graphic mean size.
2 Graphic standard deviation (sorting).

3,
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Table -I . Qumarter h sedimnmemit data.

JuR 197.1 SepL. 1974 Jan. 1975 Mar. 1975

Stan. Lot. M’ M S M S S
(phi) (phi) (phi) (ph i) (phil) (phi) (phil) (ph i )

I 1)131-ltd 2.28 0.38
2 l) iSl-ts 2.03 0.36 1.74 0.32
:5 11131.6 -- .  1.9 1 0.32 2.18 0.43
-I 1)131-8 2.24 0.42
S \ I- 101 2.24 0.33 1 .99 0.23
6 \ l-ts 2.30 0.42 2.46 0.-U 2.71 0.31
7 \l-6 2.43 (L-13
8 \1-8 2.17 (5.47 - - - - - - -

9 shoal 2.:34 0.51 2.42 0.38 2.48 0.44 2.40 0.43
10 sim,uai 1.75 0.6 1 ‘ - - - --‘ 2.14 0.38 1.49 0.58
h i  s hmm al 2.42 0.32 2.36 0.33 2.13 0.35 2.20 0.24

12 shmeu al 1.33 0.81

13 e’ iman mie i 1 .39 0.47

I I ehatnmre’ I 1.36 0.46 ‘--‘-“ I ,23 0.29
IS r hma m m m ne i 1.42 0.65 1.80 0.59
16 rhna nnum ei 0.62 0.32 0.97 0.70
17 chrarrne’ l 2.23 0.4 1 1.76 0.46 1.84 0.39 2.34 0.34
18 ciiamrne’l 0.69 0.31 0.43 0.65 0.69 0.4 1 0.34 0.54
19 einauunel 0.79 0.32
20 cham unuel 0.47 0.46 1.38 0.60
21 chmannu’l 0.86 0.80 1 ,36 0.60 0.59 0.71
22 e’ hua nm mne l 1.07 0.69 0.38 0.39 0.90 0.57
23 channel 1.96 0.31

mean ~izc ’ ,
2 Grap iuic standard deviationi (seurtimig).
\i ~ FF: : Position of s tat i c , uu s I to 8 sluowur hate’, in Figure’ 10.
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Figure 9. Sediment sample station locations, midtide level beach (1 to 8),
intertidal shoal (9 to 12), anmd subtidal (13 to 23).
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fragnmne’mmt s of be’ach m ron’k. It is hike ’is th at tine’ bottom m ere is entirehs- cose’red lis a e’oarse ’
shell lag sininilar (ci timat founmel cull time ’ e’blu sp i t  of tIme flood tid al d elta. it is d ifficult te eubta irn
a truh~

- re’p rese’mntat ive samnnip le wit h (lie’ grab sa mu m l uhe ’ r iii areas of Imi ghi sh ell cormt en nt simu’e’ time ’
Jam us arm’ md’te mm j an uimnm e ’eI m pe’mm aund tIme ’ e ’ nme ’hose’eI nnate’rial is partiall y %s ash mc ml diii t ime ’ was up.
Table’ 4 results arm ’ base’el mmli sanid tak t ’mn freunn time ’ sampler aite’r tine ’ m ’x J uo s ( ’ el surface cut ’ time ’
sam ple’ h a s  b(’enu dise’are le’e l. Ot lme’ r c hiannn me ’ l leica lit im’s w hie ’ re ’ shme ’ li ,mnatc ’rial is gm’nneralls feuund ,
alth ough 1mm Ie’ssm ’r abundance’, arc’ slat imnms 18 to 20 amid m m  smnmaile ’r (2 tcu 5 ce’mrt iune’ te ’ rs)
f ragnmemnts at statie mm s 21 a m mel 22.

Seasonnal v ariatiouu annomug the samples al m acli repetitivel y’ samp led station is mijmimal and ,
as ele’scr ibm’d h) re’s iot msl y. timi s mans- be attribute’d to tine unrifornnits of materj ai supplied to time ’
sh ore zone’, as well as hit t Im’ ‘‘nm c ’ ss ‘‘ sediment influx to tiu’ area. It is unlikely that am us
sigmnif ica rm t an umui mmut cut’ san d -s ized nnate’rial f’ronr thin’ Pee’ 1)ee’ River or Waecan uaw River
e’se ’aj m e ’ s ‘s’s iris aim Has (I3arre’II, p(’rsoziLd ce)mzmlu:ucatie)n, 1975). The Saiu tee River supplied
virtualls m i mu sanneiv nunate ’ r ial to tim (’ ceuasta l z munme ’ since’ tire ’ buileliung of tire Sante’e.Coope’r l)am

in I 942 ami d time ’ mhivm’rsio nn euf tIme ’ Sam itc ’c ’s iiow into Charhe’ston h arbor. Time diversion

rc’eluceel time ’ Sami te ’ r Rive’r d isch arge’ fronn 323 to 14 en huic mete’rs pe’r se’coniel annd tine’ rise ’ r ’s
leuw er eh istributarie’s ar m’ neuw actiur g aus a sand sink rath er t imaur as a sand seuurce (Step hm e ’ u is ,

c’t au .. 1973). Counsielerimig thme ’se ’ facteir s 1mm additionr to tine ’ e,bvious san d deficit indicated bs

tine’ ereus i mum ma i state ’  euf tint’ shmm ure ’ l iumes , it m’anr be e’e)nncluded th at a limited amount of nearsinore
amid m’ rmu deel beach sand is beluig ce ,mitj nnualhv redistributed with in time be’achm-inlet ss-stem , and

little’ nem’aseinal va r iationn may lie’ c ’x pm’ctm ’d. ~iaxinrum variability of about 0.80 phi umi it is
f c uum me l inn time ’ n-hm a um nm e ’ hs . whn e’re ’ sam plimi g te ’t ’ innmi e lm me- ’s mnas- conrtribute to observed change, while

imite’rt idal sh oal sannels dunn tIme ’ ebb tid al e im ’ l t a u c hange (lilly 0.29 phi unit arnonrg t he seasonal

saniij i le ’s .

~S% inns aim h am s amid time ’ Sa imte e ’ Riser sup~ils aub mmnnda u rt suspended sediment to tire nearshore

zone ’ , making time ’ siat m’ rs at Neurt im l m ih e ’t e ’\I re ’nne’ls- turbid th roughou t tIre sear. This factor

pre’c’Iuele’s e’f fe ’et ive’ e livi mng ope’ratiouis iii tine ’ are’a. Time ’ Santee River currently discirarges

about 1.3 X I 0~ ti n ,’, per s e’ar en sums prniele ’cI sediment (Stephens, ci al., 1975). TIne

sus1uenmlecl mnate’rial at N on hi I nile’ (. hue m th m organic anrd inorganic , results in Secchi

eln.-e’ - m ’~ teue ’ ( ie , ni  depth s ci hmie’ hu nisuialls rauuge’ from 0.6 to 1.2 me’Iers, depending on tidal stage,

wind e ’ m u ume li t ieinms. amid Ien’ah its . S’s itli au f leuodimmg sprimigtiele’ at locations near tint’ inlet,

ex t i mie ’ t i mu mi elm. p ( hms m ci 1.8 tu 1,9 rmIe ’(e’ rs hma c u c ’ been rm’cmirth’d, indicating the presence of clearer

om’e’ann wate ’ r. In time ’ interior wat e r was s. d isc re’amdimugs hmave ’ bee’nn as low as 0.38 mete’r dtme to

hmi ghm ee i n it m ’ nmt m e t  nnuel am id organm ie d etritus. much c ii w h ich is derived from decaying cordgrass,

.Sp ur l inn aIIe ’rn:j bura . Win ic1-e lnive ’nm cs ams m’s inrcrc’ase’ turl) ielity by resuspending sedimenrt from

time ’ t itlah e’re ’e’k Icanks.

‘s turbiehimete’r , time ’ h le’e’kmaui Envirotrans i-nodeh, was tised to measure total turbidity

thre uglm tire’ water c olumn. Time ’ pre he imas a built.jur light source aurd measures liglrt

at tenuation m i s e r  a I 0.ee’nntime’te’r path. Tramismnittamict’ ramrges from 40 to 50 percent for ebb
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llmcS% fr c mmm m suumal i, m ’ euuum i i l c ’ te ’ hs mm i a rsh i . u ’ m uc ’ Icms m ’ ml c ’ rem’ks . f e c  sali ne ’ ” ci i’ 130 f e c 90 inc ’ re ’ e ’ ui t f ’eu r
flm e cl i m mg u c m ’ au u ss ate ’ r. i ’ hm c ’ liglu t huc ’a uu i m — a t t c ’ uu u a t e ’ c I  ilium ’ t e i  humdii ahusei rpt icn i ami d sc atte ’ niui g lis
usatm ’ r nm m ulc ’ m ’ m u im ’ s , a mi d Ics umatura lls e ue ’e ’ imrriu ig s ums i c c ’ m m m ic - c i  m mi a t tm ’ r .  ‘s ert im’a i hc re i f i l c ’ s cmi t iu r hn iel its

tak m’ui I-I ‘sum~~ist I c)72, alomu g ti me ’ t hma m lcs c ’ g c c f  ‘ I’ m c ss mm ( ;re ’c’ L ami d at cei me ’ ’t iui rmi c hili f ’ l mu us . vars

I’r cmmm n 96. d)2 ammel 139 h ud ’ rm ’ m ’ mm t at I umir (e ’ r tc (iS , 63. a u mel 57 1 i e ’ r m ’ e ’ mu t at t I~ 5- nne’tc ’ r cle ptim. - ‘s t
t ime ’ nmi uuu t l i cm l’ — nm , ajh num ars hu c - r e e k  tr i iumutar in ’ s (< 10 n nmc ’ t m ’ r s cc idm ’). tra n u s nuit fam:u e -c- range ’ s from

SI t e e  ~~~~
‘ 1 , m ’ rc ’ m ’ nmt t lm rm muu g lu a I .5— n mc ’ t e ’ r  cs atc ’ r  c ’ m , huur m uum .

- ‘sc tnma.l tm daul s im s 1 mu ’ nmc lm ’ c l  m m n a i t tn ’ r  c -e m nu c -e ’ u u t r a i t j m i m i s  usm ’ r m’ nnic ’asur c ’c l his i’n l t r au tu c iu u cii usat .’ r

saunu 1 ml ’ ’— mu m 0.43 ’mnie ’ ro niim ’tc ’ r 1 m m re ’ —s izc ’ glas” f ibe r f i l t e r— . San uu h ehm ’ s %c c ’ rm ’ m -cu i le ’ e ’ t c ’ c I  f ’r icui m t Ime ’

2 — m uim ’ t c ’ r mlc ’ 1 u t l i  usj th i a i’~e ’ mm i mi mc ’ re ’ r  s am n u i m lm ’ r. i’his mt c ’ l c t i i  cs ae- ~ se’ le ’n- te’e l i c m ’ c ’ amn—e ’  it si a— tIme’

sinaIlc ,c% e ’ st a nd m ’ eum m si c le ’ i e ’ eJ mmm d to Iii’ a i I m -c - tm-e l  ims s e ’ hu , c - j t s  t’ iemn ’ l i uat i mmuis ime ’a r tIme ’ a ir — s sa tm ’ r

inmt r r t ’ae - c ’ : time ’ um ’ Ie , m - l t s at 2 nu m m ’ te ’ r s sce ’mnnm’c i re ’p re ’ s e ’nntatis m ’ cml ’ t ime ’ c ’ nmt irc flow. Total su s 1 um ’ nmelm ’cI
matt e r c ’ m n ic ’e ’ nmtra t i m e m i s ra nmge ’e l t’re unr m 1 .02 uruilli granuns per I as a w i n rtm ’ r how tmu 31.26 nnilhigranims

per I leer a su mnmnmer h i gh . Shue ’ hm of’ thus s ariationu nsa~ mliii’ to i’ hu aumgm ’s in smns 1ic’neleel organic’

nn mattc ’ r c c  uu tm ’ nmt.  limit fo r anus 1mart ie ’ umia r t i d al c’s elm ’ . c ’ euu m e ’ e ’ m utrat ie uun s ge’mnera i ls sar im’e I f rom .3 tci

23 nimilli gramim s pe r I. \ ari au t i m em i sc it i m a hs md utc ’ c - u i r re ’ mmt s m ’ heu e ’ i ts was not co nim ’ I t msi um ’ .

HI. LITTORAL PROCESSES
I. (;~ als and Metimods.

‘s n m m ’ t cm mur k mit ’ be ac h prmuf ’ilc’s cc as e’stablishm’d in June 1972 amid c’xpannde’d inn June 1974, (~
c’xanm i nm m’ iw ac ’ h m m’ hm amigc ’ s our l)e’Iuielue arid North Islands aelja(’e’nit (ci Northn inlet (Fig. 10).

him’amcii elmairge’s re’sult from time ’ actiou n of winid , wav es. and wave ’-iunduce d longshore
currents. Thme ’s m’ act ive’ prcmec ’ssc ’s were nloniit(cr(’d during quarterly 2-week periods of study at

m reu ij lc’s 11111-10. 1)111-25. N1.14. am id Nl-2() te e ejt uanntifs tIme process variables affecting tire

innle’t. ele’tc ’ rm iume the’ir su ’ as omua l var latiour. and establish relationsh ips between ennergv flux and
ve uiume’t nic ’ cinaniges 1m m tidal elm’ lta s and tIme shnallow uiearslrore zone. The stations were selected

— m m  th at 1)151-10 and NI- I-i- us u ’ rm ’ ci-ehi within tire ’ zeune ’ eif wave rc’fraction aroumrd tIre ebb tidal
delta. N 1-20 us as le ss iniflue ’nrc’c’d bs w a s u ’  re’fraetion 1)BI.25, some’ 1 .3 kilometers (0.8 mile)
nic i rt h m mi t’ th e’ e’huh u t idal de lta nrargimr , was leas t a ffected bs refraction around the imitertidal
s lum nils.

Prcu fihe ’ Ic me - al i t  ic ’s we’re’ marked wit h pairs of metal fenceposts with ad ditional stakes in the
min n ie ’ — to prm uv iche ’ a bac kup inn case e)f sm’ve’re st urm erosion. Surve’s s utilized the hrorizon
nn rthm mecl ee f  Emery (1961). with a data peiinr t escn 3 to 6 meters. Localities were selected on

time ’ leas i- ’ of small c’hman rge ’s m m  strike’ cii time shoreline, cinanuge s mr character of t Ime’ eroding

feireelunie’ rini ge- . e r  variation in tIme ’ une’ars irorc ’ morphology.  Presentation of profiles and

re’ Ia tm ’el re su l ts are’ n i ism ’ m m s sec i in Sect icnr V.
Littoral proc ess observations were made bihmourly during daylight h ours at eacin of time

f mumu r profile’ statio un P~ i~ tS (Fig. 10). wit lm an additional late evening aurd early morniiig

observat ion at DBI.lO and 1)131-23. re’ s 1me ’ e’ t iv e ’ is . Station DBI-l0 was manned 24 irours a day

to sa fe ’guarel the’ weat hme’ r innstnj me’nts at t lmat location, take tire additionral late and earls-

process data , and to re’pmurt on umnusual we ’at hue ’ r cemeli tieins.
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Fi~ mre 10. Beach profile localities. Stations 1 to 4 arc localities
of littoral process measurc’ments hc’tweenn July 1974
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I,\ t c - u i - ’ j u c  u u i s t m m m m u i c ’ u u I ~i t i m u m u  cc as limit as-a ilubum ’ for tIm e ’ ~im r I ’ z cumm e ’ ml~i ham (‘eu l l e ’ c l icum u. i’ Im c ’ r m ’ l ’ci rc .
sc a s m ’  i m e ’ i gl mt s cs m - rm -  es tm n mm a tc ’ u i sis u ma l is amid hurm’a ke ’r anig lc ’ cs . m —  m ni c as u m m i’ ni his cc -ac l i m m g i n mt u i  t i m e ’
surf ’ / c c j l r  anuui mm m rasu run m g t i m e ’  ~Lr iki’ of tIn’ iirm’ake’r csi t l i  a hi anm el - h m m ’ hm l  h5 ru mmt m u n m e ’ m c m m l p a m s s .  .\ni g ic ’

i~~~ie~hel ~ t i ne ’ n m m c m —l miiil ’ Ic ’nil t 1ua ir am m mne ’t r r tc i  nu im - as ui rm ’ a m ’ eum r a tc ’ l s  (Gals imi anu cl \ m ’ lso mt , 1967).
m- s j m c ’ m ’ u a lhs at loSs anmg lm’s. h 3 r e ’ a km-m h e i gh t .  Ic r m ’a k m ’ m ’ m l m ’ I c t hm . am id 11mm ’ st ii lcs ai tc ’ r ml m ’ p t h m m m  whii m ’ hi t ime ’
Suas m ’ hur m’a ks . sc m- fm -  ni ie ’ aismm re ’c l his ucae l iuig in u l m i  t i m e ’  ~u m r i cc i t h u a g rae 1nuacte ~el I mfe i f i h m-  re id . W e a t h m m ’ r
m n m s t r i m n m i m - u i t - ’  t o n mi e ’ a m sun rm ’ cc inmm i sm- l m m m ’ j t s  am id eli i’ e - i - t im uum . a u mel rim m ui l’aeil ~uc ’ re ’ s i t  up eun m a elunme , i - m e-s t
at s t a t i c c u m  1) 131-10 . l c mul g s im mi m ’ m ’ m ’ imru ’ e ’ iut  s c ’ loc ’ i ls Sc~ is umn m ’ a s em rm ’ m l his r m ’ Ic - a u sin mg f ’ luurm’su -e ’ ini else ’  cur
t ram -ki m i g sligim ils hiuos amit r i m l m ium ’ n ’ hails j i m time’ s u n  z m nic ’ .
2. Comimparisomi with Pre’~ icius Studies.

)hsm’ru aImoni ~ c c l
’ sm lm ’ m ’ Im ’ c I  sa r ia l ul m’ s iii the ’ m mc ’ a rs h ieurm - m ’ u iv i rm u n m nmie ’ mm t m u m a tin mi e ’ s i n e ’ s  basis

i m asm ’  bm ’ m ’ mi m i l u t a im i c ’m j  his hlarrmsc ni a nm ml kru nnm bm - inu (I d)61) l)ola,u, l”c’rnu. a:mml \lc - ’ s r t lmum r (1969),
l)as is a u mel Fcux ( I  d)7 I ) .  h - m i x and I )ies u~ ( I  ‘)“ I . 19” ’’ ) -\lmc ’ Ie ’ (1972), aurd ( h’c i n s  (1975).
hlosum ’s c r . t I n — c ’  stum l im ’s el il ’I’m’ r I’ronmi t ime ’ p rm ’ s e ’ m m t studs h me ’ r c ’ . em huh uas is is 1c lac c’cl cnn tine ’ sc a m s iii
csiu ic ’l u ljtt mu ral 1m r u c - c ’ ssm’s auf ’f ’m ’ m ’ t  a ti d al inuict. I, snails . as inn LIme ’ lat te r t l mr e ’e ’ st ime lic ’s. data we ’ rc ’
mui ,t amj n im ’ml ccu mut imm ni c u us l s at 2- cur : 3 — l u e c i ur  i m m tm ’ r s - a ls for 1m e ’ n i cuels mm l i  t m i abcn ut 30 das s. Inn thee ’
st n mm l ic’s his .-\ice ’ Ic’ (I 972)  amme l ( )us-cnis (I d )7 ,5)_ mla ta ssc ’ rc ’ ubtainneel ci nnde ’ r be rt h stm nr nm e ’ r amme l
w im mte ’ r c - m c m i m l i t u c n m s  aum ( l t ime ’ t c ’ m .’hi n u i ( h iie ’ ci i ’  h” d i tm n ic ’ r auni a ls sis was uis m’el to ciescrilue time Cs
nma tun e’ m u ’ tIn t ’ m ’ c a s t a l } crc eu’sscs . :\s be rt h th e - sm ’ s t mmm lj c ’ s sc m - i - c ’  1urimarihs ain ne’eh at hucac hu p rcic - -ss
anmal s sus . mmnamm powcr us as available’ for ce umi tin ium,u s muionniteirin g ciun a 24— h ou r basis and grcatc’ r
imus t run ne ’nmtatio nn sc as use-cl. ti North lmj le ’t (lie 1m r mn - m ’ ss data were c ol lected eum ils onn a (2— h our
imasi s tm u all muc ’ ate ’ man uineiwe r ann c h r e ’ s ec ui rm - e ’ s for time ’ rennaiuning pa urts of this studs of hittcural

~~rocm ’ssm’s . inm le ’t nrorp iiohogu- . an mel tidal Ins el rammh ic s.

‘I h mi s studs rm ’ 1) r es m ’ m mt s aim inntegrationn met tine mmiaj o r hurm uc e ’ss— rt ’s ime mnmse ’ activits - inn tine area,
wit h a great cle ’al mit ’ elm’ i u t h u add ed bs Lime’ f’eumm r -se ’aso ni afihm r cua cl n to time fie’ldwork. Results, su c h

as time ’ observed uc e ’at h m c r pat tt ’rum s I m r m ’ v i om usl s ele’scribed , sm-c nn to s-ahie latc th is ahiluroac hm to
se ’ as m uf m L m f studie s , h um amein l i t i cum i . mn eni t h m is beach pro file runs be’tweeni qu arterly Stu(lie’S liase
fil led time ’ m m  t e ’ rim m n in’rioels us- i thm more re’s pe uuise ’ d ata, it is connside’reel , t ln e’n n , th at tine variationr
1mm t h i e ’ ls ’auchm pararne ’te ’rs rm ’ p rm ’s m ’ nits a reas umnable’ ss nreipsis ed shreure j cr mmcrsses w imici n occurred
tin a c ’ eu mmt i m n umu nm s Ima s is .  ( ) mm lv 1e henmeu me ’ nna with j,e’rieuels e’mmtir els outsid e tIme’ 12 to 13 h o u rs cii
d ata ta u kcn nla ils nun ih ’b ichm m’ Island would be’ ceimp he’te iv nr issed duriurg tIne (huuartt ’r i y
st e m d ie’s.
3. Variable Anialysis.

V~ ate ’ r cc as m ’s are’ ann ininhucirtant factor in hie ’achm iirm c u ’ c ’ ssm ’ s: thne’refore , a elescri 1rticiur e f tine
h it teiran l e lms - ire ennn emnt uniu is t imucluele wavm ’ lueniod. bre’akcr hm e ’ i ghrl , breaker tu 

~~~~~ 
apprccaciu

anngic’ . and a me’asure’ ci i’ t lnc ’ longshrore ’ cmurre ’nr I nrol icunr. Breaker eie’iutii is ann adeli tioiral
variable’ w h ich is hec ’ r ima h is mne u t as significant as tine oth ers, but us as mcasumr (-d siurcc it nnas he
uns e ’e l inn one’ l’e r m m e l  tine ’ sc-a lu m- e’nc’rgs flux c ’ m lmm a t ie u nns. l’hie’ punicinearel data us m’ rm ’ imncn ’e ss~ml
u ms inug the, Statistical Package’ for time Se cial Sr im ’ u ,c ’ m ’s (SPSS) program s (inn time ’ t uni c c’ rsitv of
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Sc mut hi ( :arcu limu a ilI\I :370 c ’o m im 1unt i ’ r. Time ’ suhu preugra mnis prmuvid e’eJ sunnnnars statistic’s amid

fre ’ m 1um ’m mm ’s ta iu le ’ s cc l  sh me ’ c ’ i I ’ ie ’ m l caniab le’s , hi um e ’ ar e ’ ec rr eiamt im , n i c ’ c m c ’ i i
’
n ’ i m ’ n i ts anne l sign m il’ icam rc’e’ lm ’ u m ’ h s ,

aimd .m ’atte ’ r 111(115 ~s itIi “elm ’ m - te ’ e I  s t au t i s t ic ’ s. ‘I’Im c ’ I’ee i i e ecs inm g dl is c ’ u m ssu mcui is c ,c um ne ’ c rm ie ’d u s i t h m hiasie ’
paran mie’te ’ r n hes c ’ r m 1 mt m ec u m a uu m l sm m mm m nnarie ’ s to e ’ hmarae ’ te ’ ri z e ’ scau c ’  rc’g irnme ’ ammc l s i ’a s i unm ae l s a niat i mi nm .
in ne’ huch im ig le inm g s hnec r e ’ c ’ u rrc ’ nm t sm ’ lme m ’ i ts  a r mml t ime ’ clm ’r is -at iom u nil’ imrc ’cl icti sm ’ rm ’ i atic m nms hi i ps.

Cunum 1el e ’ t e ’ l ist m ugs cii ’ original f’ie ’ Ieh d ata are’ m mmcl inmel ue le ’eI ime ’ rc ’ [unit mans bc eu bta imre ’ci f’roni
lime ’ auth or or t’rce nm i tIme ’ I, .5 . - \ rnmm s Coastal Enmginu’e’rim mg Rese’archm Ce ’nitc ’ r (CERC) as heart euf
()uartc’rls itm rc c~ rc ’ —- ’ I{e ’h imirt 2. :i, anme l 4 . Cern tract I ) tC’e~ 72-74-C—00 18. Tauhul m’s 5 teu 10 c ’ eu mm i aimi
sm ’ le ’c t m’ e I stai tms t ie ’ s I mcr  tIme ’ s ariahule’s cubse ’rvc ’ml . Other s ta t is t ics  anid fr e ’e 1ue ’mmc~ ta hule’s are’ alsc u
ava ilable’ i’ronnm ( E 1(( . ‘i’Iic’ stat icuuis ‘ri’ listc ’ml inn gc ’c ugra 1mhmical pos itionm from ne rthm at tI ne, t c p
to se uthi at time ’ botteun in us ithi time ’ mm , - t locamtm ’e I be’t wee ’mi stau t icuns I amrd 3. l’hme’ ave ragm’ s alto ’ s

-: innclude’d fine data 1cm all station is nnnonuite ire’eI during tIm e cpmart e ’ r is- study of tinat particular
nmronn (lm.
4. Descriptive Statistics and Pearson Correlations.

a. Breaker Tu’pe’ . \\ ac e ’ brc’akimrg genmeral lv d e e m - Inns at a water deptim of about 1.3 timnmm ’s the
was t ’ h e igh t .  Thu- form wi mic in time was - n’ Lake’s wlren it bre’aks is rc’fc,rrm’el to as hj re’aker ts pe.
(;aivini (1972) describe’s spilling, plunging, collapsing, and surging breakc’rs . At N m , rt h u Inmlet
spihlimig cs-ac- cs , w itim gradual bre’akimng anmd foannv turbumlenit water at tIme crest , anrml piunigimig
wave ’s . w ith a curlinng of’ time ’ r re ’ st ann d a conncavc , wave fronmt j ust before’ hreakimng, are’ tIme ’ cmlv
ty pe’s winicin have bee’n ec h se ’ ru e el. ~\ iegm’i (1964) stated that , m r  general , spilling breakers are’
associated with std’ c’ hm ek’e’pwater wasc - s amid beaches of low slope, annd plunging breakers arm’
related to wa s m ’s cu t’ inte’nnne;ehiate steepnness anrel steeper be’aches. Galvinr (1972) considers tIme ’
fou r ts hum ’s ire’ dc-se rihurs as ann ordered sequenrce , chnanr ginrg ccunrtinuousls- fronn spillimng to
plumiginig, cc >llapsinrg and s um rginig with decreasing wav m’ he i gh t , increasing wave period , armel
incre’asing slcupe. Tine percen tages of spilling amid plun ging breakers are summarized in Tables
5 aimd 6, botlr by stationi amid overall for eachi se’asonral s t udy .  Ne ite ’ th at mchu s e rv at i o m is us e- nm ’
starte ’ci at station 2 (profile 1)BI.25) inn Septe’mber 1974 . Tine’ attac h ment of a large.
inntem-t i dal sw as hi bar j ust umortim of profile NI- 14 (Fig. 10) cre ’ate ’d time ’ flattest anmel genme’ralls
cc Ic Ie st intertidal zone’ of ally’ station. As c’xpe’cteel from (;amlc in ’s consideratie >ums. t h m c ’ nnc’am

~mm ’ r cm ’ mnt a ge of spilling us-ave’s is greatest at tIn s locaticunn consistennt lv th rough all
(Table’ 3, statiomn 3). At profile DBI.10, stat iemni I, tine ’ m me ’xt In igine’st oceurre’nnce of spilling
wase ’ s was observed as time slope h mc ’ r m ’ is re’lative’ls gradual (lilt ’ teu tIne Iure ’semice ’ euf time ’
ch annel-margin linear bar immediately to tIne’ se ini tim. Com nve’rsel y. time ’ greatest percemntagc ’ of

~ulummginig cca~e’ occurs (Table 6) at statiouns 2 (profile l)BI-25) and 4 (profile Nl.20) whme ’ re ’
tine-’ beach hnas tine’ s t e ’ e ’ 1 u m ’~t slope and is generally tI me narrowest.

b. Breaker Height. .-ts ic lm ’ from its inrflueumce on breaker type’ , heachn slope also affects
breaker iie’ighnt by influenicinig time time amnd elistanice sp(’umt [is tine wau s c iii tIne’ simalhow’water
zone’ (Galvin, 1972). \kurc’ time and greater distance allow friction tcu i mase ’ a grm’at(’r effect
in re’ducimng bre’ake’r ime igint , scume whiat ceutm nrte’ ractimr g tIme effect of shmoahinrg. A lscu affecting
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‘l’abit ’ 5 . Percent spilling waves.

Slit . Meaim St d . dcv. ~m ie’diaum Mimi. Max.

______ 

Jimis 1974

69.2 :53.8 73.0 0 100

3 71 .6 :53.2 iuivalicl 0 100

4 48.8 :~:s, e, 47.0 0 100
-\c g. 67,3 :54.2 68.3 0 100

September 1974

2 56.4 28.4 52.8 0 100

I 58.8 31 .1 60.0 0 100

67.6 27.6 70.0 0 100

4 30.2 ‘29.5 4eJ ,5 0 100

.-tvg. 57.8 29.7 54.6 0 100 - -

_______ ________ 

January 1975

2 44.3 :~2.7 45.0 
- 

0 100

53.8 31.6 57.3 0 100 -‘

3 60.6 28.6 61.8 0 100

4 35.8 31.2 . 33.8 0 100

-\c g. 49.0 32.2 50.8 0 100

March 1975
2 36.0 27.8 29.4 0 95

49.2 31.6 51.0 0 100

3 60.2 31.4 70.3 0 100

4 44.2 28.9 43.8 0 95
Aug. 46.7 31.0 46.6 0 100

‘No readin g.
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l’able 6. l’ercem nt ~lmnmmginmg was es.

Sta. ~~~e~~m Std. dcv. J_ M~d~n~j  M m .  L~
ax.

_______________ 
ju l) 1974

:30.8 33.8 25.0 0 100

28.4 33.2 inmvalie l 0 100

4 5 1 .3 ~ .~,9 5,30 0 100

-tsg. :52.5 34.2 31.7 0 100

_________ 

Septenunher 1974

2 43.6 28.4 47.2 0 100
4 1.2 3 1. 1 40.0 1) 100

:s 32.4 27.6 30.0 0 100

4 49.8 29.5 50.5 0 100

-tug. j 42.2 29.7 45.4 0 100

_______  ________ 

January 1975

2 55.5 32.7 55.0 0 100

46.2 31,6 42.8 0 100

3 39.4 28.6 38.2 0 100

-1 64.0 31.4 66.3 0 100

-tvg. 51.0 32.2 49.0 0 100

March 1975

2 64.0 27.8 70.6 5 100

50.8 31.6 49.0 0 100

3 39.8 31.4 29.8 0 100

4 55.9 28.9 56.3 3 100

-tug. 53.3 31.0 53.4 0 100

No reading.
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‘l’amble’ 7. Breaker Imeighmt 1mm (‘eumtimmneters.

Sta. 
L 

Mew±J Std. dcv. j Median ~lax.

_______ 

Juis 1974
-

~~~~~~
--

~~~~ I ,,,,,,, 
—

~~~~~~~~~ ‘--.

I 53.5 16.2 31,7 25 iSO

:t 50,3 20.4 43.8 10 93

4 63.0 18. 1 62.5 30 110

\ug. 54.1) 1 7.8 52,1) 10 150

________ 

Selmtm’mhuer 1974

2 68.9 21.2 64.0 30 120

61.9 21.9 58.9 25 120

3 41.6 24.0 41.7 2 90

4 69.8 35,-I 35.5 IS 190

\sg. 61.7 27.-i 58.6 2 190

______ ________ 

January 1975

2 59.1 20,3 58.3 20 100

4 94 18.0 48.0 21) 100

3 48.9 16.4 4 98 20 100

4 57.3 24.7 52.7 20 120

Avg. 53.6 20.3 50.0 20 12(1

March 1975

2 51.7 28.3 46,3 20 200

1 43.4 27.9 36.8 10
3 45.9 17.6 40.8 20 91)

4 51.7 24.0 48.0 15 100

Avg. 47.9 ‘
~S.7 4 1. 1 hO 200

u No re ading.
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Table 8. Breaker depth in t’enmtitneters.

Sta. Mean Std. dev. Median M m .  Max.

______ _______ 

July 1974

2

48.5 11.7 -18.2 20 80

3 44.9 19.4 42.0 5 90

4 59.6 16.1 59.5 25 90

-tu g. 48.9 14.9 48.3 5 90

September 1974

2 52.1 14.4 50.0 30 85

I 47.7 12.6 47.7 23 85

3 35.4 16.7 35.0 0 70

4 S4.7 20.3 s:s.3 13 95

tvg. 48.1 17.0 43.7 0 93

______ ________ 

January 1975

2 38.8 14.7 39.8 10 70

I 35.5 13.1 :s3, s 10 99
3 39.6 20.0 38.3 20 120

4 34.9 13.6 32.7 10 65

-tvg. 37.2 13.9 37.7 10 120

March 1975

2 57.2 27.9 30.6 10 150
1 47.3 20.7 49.6 10 100

3 54.4 26.2 51.3 17 100

4 49.5 23.5 46.3 15 100

.-tvg. 32.2 24.8 30.1 10 150
m No rcadimng.
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Table 9. Percentage frequency of wave period
for Charleston offshore area,m

Period July Sept. Jan. Mar,

<6 65.0 46.3 45.5 47.4

6 to 7 26.7 30.7 29.9 31.9

8 to 9 5.8 14.4 13.3 12.9

lO to 11 1.8 5.7 4.9 5.3

12 to 13 0.4 1.9 5.7 1.6

>13 0.2 0.9 0.7 0.9

U.S. Nasal Weatluer Service Command, 1975.
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‘I’abk’ tO . 1)egrcm’ ,. ci~ o lise’ rs t ’eJ breaker aj igle,

t )ir . \l c ’ari [ Stet , tle’c , SJIgc.

J iil ~ 197 1

-- 

- 

-~ 

H ii
u _ nm

.1 ‘-‘ i S  m
12Cc -1.~’ -I 25

~ s~4 
- -

92  -~ 20

September 1974

2 1 I 0im 5.0 2
92 1 2  8 II

I 2 ) )  5.0 2 2)
- 4

:c ~s r . n 3.2 2 12
~‘ 81 1 9  2 I S

i \ 5 9  2:1 1 I S

3,8 :n 15

January 1975

2 ‘. 92 ~.3 2 25

S 11 . 5 S C m  5 25
I \ mo - I 6 ,9 2 :ar

S 5 ) )  I) .)) 5 5
:u \ 9 3  - :t . :I 5 IS

s 1d m) 17 .8 2

u \ 8,7 :u . u :n is
S 13, 11 I 0 2  2 11)

Maich 1975

2 \ i . t . t 9.6 5 :32

~ ~ft9 (e lm 2 25

1 ~~ 17.2 12 5  2 IS
S I-IA) 12. 1 :t 25

3 \ ICci c d) 8 -tO
S 9.’) 10 .2 n o

I \ 1) 1.8 5 .6 I 21)

~ 15 , 1  m~m~
ft ~ atcg le nim-a~urc- c 1 mIme ac-tim e ’ act g lc ’ tu — uw m ’c- mc slic cr rl iucc ’
and brm’-.ikm-r c - rc ’~t -

2 \ = S\ .c5~- aie imrou(- It dire ’e’uicni JM ’ I%% - m-e ’uI m--j c t  ~m tmm I nm mr ilc .
S Vu mum - ~i I c I m rc c ,i (} c ( l i r m ’ ( ) i c mlc bm-Iw m’en m’a” i am id s c cm imh .

5
~— om r t ’a c i i im ~ — .

~~~~ cu , c . c ,  Irmm iu i Ici di r c ’ e t i c c u m _
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lm re - ai m - n - hm m ’ i ghml us~m sm r i I ’n~m e I i mumn. sslu im im i= i n nm j me cr l an ut  at ;e re ,l’ i lm’ i ) iS l — hO near t he e ’
m - h i auium c- I—n m ua mr g i u m iun mc ’ a r Im~ui a m i d ~iI prmcl ’i le - N l—1 4  mue ’ i u r 11mm ’ -.uua s i l  luau at tIme ’ ‘bhu tidal ele ’ ita ’s

~m cl ) t I im ’ rmu  m u m i erg i nm ( I”ig. 10). ‘I _ Icc-  loss m ’ s t m mum ’ am m h r m ’ak c - r hi m ’ mg ht~ i l ’  c chi ~i ml at tlme ’ sm ’ leccati o nis
( ‘Fable 7. ~.t ~ u t ~ c c i I ~ I ~mu nm l :s tIme ’  Imi gl m es t  m i me- ai m hcn - c ’a krr lie- i gi m Is c m e - ru i r  acc iu s t’roini t Ine’ i iml e ’ h

~. Iimm ~u l— at —I ~m tIm mn us  2 itlitI -I. \— l Ine ’ csil’m e ’  m m r t i m o g c nm als sI rm ’ i uml ami d e ’mie ’ rgs pc i- unmi l Ie ’ m mg tim eu
csa ue ’ c - m m — - I  mle m - rr~m sm ’ — . Im re~m Lc- m h e i gh t  us ill t m miei  tem d m ’ t r i  ~m” c ’ iii h i gh re’ l ’iac t ic i m i loo m’ s , 1i m i ~—

l i - c t .  s ,m en ’ kin ,c ~ iii l ime ’ .~i r i im - m l j r c ’ m ’ I j emni  ~is Imum t tm c m u m l’ru-t ic mmi .  j i ie l i e -~mte ’ e l hs t ine ’  t i e - Id data.
\ lumnik ( I  d i e ) )  de ’ r ic c ’ t l  rm’ l~mt ioimslmi 1ms i rc c nmm sed itars cc ac m ’  Ilie’mirv rc ’ Iatinm g breaker

Im .’ i’ ’ im l . II Ic i Iur ,’ a m km ’ r m l m ’ oII m. ml . as:1~ 
j 

U

ml 1,

i-i = 1 ’ 28 (I)
b

iiii ~ rm - ial icoIsl m i l i , :m l t l i c m mi g lm alsem d e ’ pe ’ mm uh ’ nmt m o m hic ame ’ Ii s l c m l i c ’  a mi d us-as e’ sk c ’ Ic i  - ss. sl m euum le l re sult

1mm rc - ~ms cm u uamIc Is Ii imr ur -orre ’ l at i mo m h, m- tu ue ’ e ’ m i t l uc ’se ’ tweu  vari ahu le’s ~umie l. ss lm m - re sum ’ h u reur re’ lal imoi

hc re ’a ks tlc , us mn . nnuies gis t ’  a mm im ie hic ’ati oni cii’ ‘‘ni cm ise’ h e ’ s c i ’  of’ thi m ’ data due 1cm eu pc ’ rat o r e m - cu r  anm e l

[ Ic c ’  d ata e -m, I i m ’ e ’ t i e u mu muie ’ t h mo d. im e .arseu mr cc , rre ’ Ia liomi cco ’ l’f i t ’ im ’mit s be’t ucc ’e ’u i dI1, arid ilb cuv e’ r all

t i c c i m s arm ’ 0,4068. 11 . 3063. 0.8133 . amid 0.689 I fur Jannuaur s . \lamrcli. July , anrd Sc1,tenrber.

rm ’ s j cc ’ c ’ t i sm ’ l s . Su it - i -  brcake’r depth anne1 Ime ’ i gIml o lmse ’ rv at iemm is arc de ’ 1uc ’ mm c le m nt oni t Ine mcl es e - r c c ’ r

uca c l inu g inn t ime ’ surf lee mi c ’ , time ’ lc ’as ( re’ tia lmle - data c ’ t u umlel hue u’~ peu’te’d 1m m tIme ’ sci n r te ’ r

uu lu -m u mI s, mc i ’ tm’ mm c ’xe ’ n ’cde -el Iui j n—l uo m u t de1ut li auim l t I m e - lm’ast t’auoralmlc cs c ’at lme ’ r c’eni dit im c mms us c -mm ’  - 

-

c ’ mm e ‘m mu ii te ‘ ru ’mI .
C’ . Hre ’ukcr Th~1ill , Su flu nmuar ic ’s of ’ breaker eie ’ pth u arm ’ 1ure ’se ’u m te ’ el inn Table’ 8. ‘l’Iie’ eus e’ra ll

nuui ’ a nus am id rtme diam us amr e ’ sim nmi la r for \ liun-hn . J muls . atid Septennber Icuit are ’ un u u istmah hs ieu us feur

,J : m u mn m a u rs - as a re ’ sumll of’ ubse - rva t ie um n ceu nc I it imi mis . him luart , time ’ icius iure’akt’r ele’j it ii saluics unnas

rm ’ s um ll frc mn m nm mc ’as mi ri u ug a usater level closer tc m tine ’ trc uu mg lm c le ’ i mt ir t l iamn t l nc ’ sti l issater elept lm u n

t ime ’ rm- g itm nu of lure-akimig.
d. JJ on e ’  i’e’ rumd Prou’e ’eli m ral difficultie’s 1ureucml ted zm - ’ mm rate ’ visu ma l c ’s tinratm ’s eu ’ us as t~

j s - rimutls al lIme ’ si tc ’ s , I lowm -u m ’ r.  nnete’orological sumnnmarie ’s l’eur t ime ’ Clnar le s t mumi eul ’f’sIiore’ re’ gieun

(‘l’a bhe’ 9) inelü ’atm ’ a se’as m mna i pat tern of Ic us nin e-aii m saline ’s inn j  uiv amid Se’pte’mhe r with h i gh er

j )e ’ r iem ( Is iii ,I umm umars ami d \Iare’ Im, Th is same’ patt e ’ rmr su its see ’m n inn th e’ sc ’ : msm c u mzmh Neurt h i lm nict e lata.

e- , Bre’ukj ’r - I ,m~ (t- , Time ’ angle’ which wav es ma ke’ wfn e ’ mn aplurt ,ae~hm m ug  t Ine ’ slmore lim ne ’

de ’ tm ’ r mnn in nu ’ s time ’ nrnag miiluele’ ccl ’ t ime lonm gsl ncure’ eu n mi 1mumic ’ um t of u nc u t i euim oi’ f lu e ’ h rc’z ik in mg ssatm ’ r

nm iass . Th is m m rc ul ie um i is rcspcuuisible f’cmr tine ’ lem nmgs lmore ’ c ’ m irr e ’ mmt floss as ssc ’ h h as he’~ue ’h thr ift, time ’

- 
I nne ve’ mm ’ mi I of se ’e l inne um t ccii (hit’ beachm f’aei ’ rc ’snul t im m g l’rom swa ns hm oluhim1ue’ 1mm t i me sh mcu rc’ h inne ’

t rennc l , ann d iou-k suas i m 1uerpenmdicular 1cm ii.
(;aul~mt n (1967) obse ’r s-e ’il that single readings of us a um ’ angle’ are ’ rarely aee’ umrate to wi ll mimn

2° : ii is probable that line ’ North lnile’t d ata (Table 10) are ac ’e ’ mura ite ’ to withiiin 5° iii nncust
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case’s. T hmc ’ rc ’ Is a definite ulu’ralmur 1) rc ’ im ’ re ’ nu ( ’ ( ’  f c r  time ’ ca Ine’s 5°. ~~~~, 8°, 10°, 15°, and further
nnimit i 1uk’s cd 3° to bm’ rm ’e ’cire le ’e l . ‘l’hm e ’ d ata h iase ’ a i ce m s i t i sm ’  s ke ’w u mm ’s .c dtme teu iimeluisieni of h i gher
value’s luau lung a mnot alul s lower l’r c ’ e l e mm ’ m m c s t h mc ’ rc i’e,re’ . tim e ’ nnediaim would bc’ 1ure’fe’rrc ’eI b~ sc uni me ’

(Cannp iue’hl. I 967) as am nne’asure’ cu t ’ t’c’ ni frat h t e’m u c le ’n u c’ s ra thme ’ m than tI me me ’a mm . ( )vm’rail nie’el ian m

sa line’s ra mmge t’runnn 7.3 ° (ci 8.8°. w itl n tin’ low ~damc ’ ie value ’ of 3.2° clue’ tee t ime’ inehusiomm mit ’

86 value’s of 0° e ihuta imme ’d us he n suits e s  a1proae’luc’d parallm’I to time ’ hue ’ am ’ hm.
5. Lomigsltore Curremit Flow.

W a se ’s af’l’e’et sc’el iimit ’nt nm mive mnc ’nm t hs inmitiating se’el ime’uit motie mni amid ge’nne ’ ratim mg a eurrc’nt
suh m ie’h f’Ioss s parallc’i 1c m the ’ s} nmure ’ l inie ’ . Time ’ hm i ghm e ’s t Ioungshnorc’ ctmrre um t ve leue’ its is rc ’ac ’ Iem ’e I
hmm’ l us ee’n [him’ h uc u imnl cml usas c ’ breaking ammc l ( h i m ’ sti llwate’r Ie’vel c u m  tine ’ shmeirc ’ ((;~du- imn . 1967).
\ luie’ lm of ’ time ’ se’d inmm’nit nnc mv e ’ ml m m  Ieutigsltore’ curremit ss ste ’ nu is e ’ vm ’mnt im a ils huermnne’s part cmf

inn te’ rt idal imnle’t sh oals, ~s tr amm s pc rle ’eI ini te m tid al ehnamm imne ’ ls dir c’stuars nnoui t hms be lm inm el time ’
sl me u re ’ hj nn c ’ , cur is trappe’ei his mam mnnac ic’ str iuctures aloung tIme ’ s lieur e ’ . All timr e ’ m ’ 1 i rm m c ’ m ’ ss u ’ s are’
tankiumg place’ iii time ’ siei m nit s mif N urtIm ln mlc ’t : l meu we ’ s c ’ r . tIme ’ first is eu gre’atc ’st re’(ative

innportami mu’d ’ at time ’ inmk’t am id will hue’ ee nns ie le ’ re ’eh usithi rm ’ s l uc ’ c ’ t  [cm mur~uiieilogk’al ch ange’ us- itlu

time.
Time ’ hc umngsl mort ’ curre’mit s m ’ I m m - i t s  s tat is t i c s (l’abhe’ I i) are basm’el e u mm m’ae im ind ividu al ve leuci ts

nneasurentne’nt rallier thna mn time as-c’rage’ cuf ti m e ’ Ihnrm’e nneasurc ’me’mnts nnadm’ in co mnj umn et ie imn us- it lm

tine obse’rvationn s m I .  Th is appreuacln results u n  t ite’ imnelusioun euf all elata variabitits inn tIme

approximatel y 2.400 vc’leicitv rcaelimngs. tm nnnna ni a m me l Quimn mi (1951) foumnel th at tine’ varialuihit

iii ionngsineire ucleccit y was siuchi th at tine ’ stamne lard e le ’viatie uim euftc ’n e’e iuale ’eh e)r e ’ x m - c ’ c ’ e h ’ e l t Ime

measure’memn t nme’an n. Staundarel cie’s- iatie,ns feir time ’ N e u rt im hunle’t elata mne’ver e’e1ual the nnean Euu t

do aiuhireu a m’ hi it in all e ase’s. Time ’ meust active ’ t’eunelit ieutns eiccumrre’e I durinng tine ’ ,nom’thme ast storm

inn Septc’nn lwr 1974. winen tine ’ 1)e’bielue Islamnci stati eumns e’xpc’riem ice’cI nne’an velocities to

thne’ south of 46.4 centimeters per se’ceu nnc l (stationi 2) and 54.6 eemnt imele’rs per se’e.omnd

(station 1). Maximums of 150 to 160 i’c’nitime’ter s pe’r second we ’re ’ e’nne’oiunnter(’el during t ime ’

stor m with tine only observed similar vaitm e’, 144 centimeters per second , resulting fronn an

unusually stron g JuIs- 1974 thunderstorm that develeped an ornsiieure ’ winnel compom nemit.

Resultant Iongslnore current ve ’leue’its sectors (Fig~ Ii) sh ow eurre mnts dcuminannt ly te u tine’

soutin along l)ehidtne Island, but mostly nnortherly currents south cif tine’ imilet. Tinis nortinerly

current reversal is cupposed tu tine’ dominant curremnt regime winic in from ge’cmneirp hm ic

e’vide’nce, m’mne’rgs fltmx calculations aind tine means cuf lcingslnore cumrre ’mit veioeitic’s (Table 12)

were soutinerly. Refractiomi of waves areuunnd tine’ ebb tidal delta is respomnsible for tine reve’rsani

and tinis effect is also present at station 4 (profile’ NI.20), 0.75 kilometer son tin (if tine’

junction of tine sinorelinne’ and tine large swasln bar of tine ebb tid al delta. I) imrimmg tine’

September 1974 studies, all resultant velocities we’re directed to tine’ soul,Im as an effect of tIme

northeast storm , and the very- low southerly value at station 3 may he attributed teu the

mitigating effects of refracted waves. Correlations euf loungshore eurremni veleicity with tid al

stage were ’ not statistically significant . inelicatiing tinat tidal flow was mncut a major factor inn

the current reversal. h i gh northerly cu rrents at stations 3 and 4 durimng July 1974. are
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Table LI .  Lunpliore current velucity in cemutiunetera per second.

Sta. j l)tr .i j No.2~ Mean j Std. dcv. Median Mm. Mix.

J uly 1974

2 N3 I) —‘-‘ ~~‘—--

S
3 U “--—‘ -—

~
-‘ — 

I N 74 12,5 8,6 10.2 1,9 37.0
5 298 22,2 15.5 20.0 0.6 144.0

3 N 118 39.8 20.4 38.4 2.4 87.4
S 18 18.9 13.7 15,2 2.6 44,4

4 N 62 39.8 21,1 37,9 3.2 82,4
s4 .—.— —— ..— —

September 1974

2 N 21 13.8 10.0 10.0 2.0 36.4
S 152 46.4 33.0 38,2 1.8 150.0

1 N 7 6.9 3,8 7.5 1.0 11.8
S 185 54.6 34.3 50.0 2.0 160.0

3 N 38 16.1 13,9 13.6 1,2 47.4
S 72 23.4 16,8 20.5 2.0 77.0

4 N 30 12.7 7.8 11.6 2.0 35.2
S 91 31.4 27.4 25.6 2.0 138,0

January 1975

2 N 61 22.7 14,0 20, 1 2.0 54,8
S 107 33.8 21.4 30.4 1.7 91.1

I N 13 7.5 6.0 5.9 1.8 23,0

S 162 33.5 20.2 30.2 0,0 114.5
3 N 65 24.4 19,5 18,5 1.2 73.6

S 66 19.2 13.5 11,9 1,8 51.8
-I N 64 38,1 20.4 22.7 1.0 74.5

S 58 24.1 19,8 18,5 1,8 74.8

March 1975

2 N 72 24.4 18.3 18.7 1.4 77.4
S 64 27.1 17.4 24.2 1,8 79,4

I N 23 16,5 10.4 14.7 1.8 35.6
S 151 28.8 20.0 25,7 1.2 110.0

3 N 86 29.4 18.6 26.7 1.4 95.4
S 28 14.2 12.4 9.9 1.4 52.2

4 N 67 28,9 26.7 36.4 2.8 117.0
S 43 22.1 13.1 20.2 2.8 54.0

= Wave ’ approach di rection between east and north ,
S = Wave approach direction between east and south.

2Number of observations for that direction at that particular station.
3No reading.
4No southerly drift observations.
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‘7/ L E G E N D  4’
( - f Mean flow to the north

- l 
Mean flow to the south

n,r, No reading
I,

Figure’ Ii. Re’sultamnt longshore curremnt s m ’ e ’ t e c rs  (cenntimete’rs per se’co nmd) .
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‘l’~ilmle’ 12, l.oeegsh c u-c ’ c’nm’i-gs Ilumu t i m. -  loi - b~ ~‘ asmmu i amid d m rc ’ c - tmm ni at eac h station.

Juk 11)71 Sept. l~)7l J ane, 1975 Mar , 1975
~ \ c m~~~~li~ue J_

%h~h~01L i T h d~~~ i~~~~~~~ \ci 
____

l)e’Iuidue Island

2 ~ ~~
- -

~~~~ H lo t  ss ~~~ 
.... lIm 1111 C m l  2. 6~ -~~~ Ill 127 51

I - m) :16 12 m m - - - -  - - - 2 68 - 2 2

121 V~ ~I0 
m) 4 H 51 2-5 1

:15 87

North l,slanud

:1 \ )~~~~~~~~~~- T  l l) l~~~~ 2 1 102

8 ~~~~ 25 H i t  12 20 3- 1 II Ii em It 31~

-
i Ill 5m) 

~
‘ 13 t~) 16 tfl (i3 i:t 21 (fl

II j - - - -  19 61 21 ( m l  4() II 83 :t~

I aim m t 3 . ,  r~ . to - ,’-~ t~ 11mm- r - l ~- I  - ~I _ m i~ ,n~ 2 aim m l I. la r t t m . - , i  mmli ~-ai-t m ~m mt
‘C m~ - i i  ii ru — I on -lu-
- m m i i i ,  r ii
4

1cm 11mm - h i gh f’,-m ’ m 1 m j u ’ mm m ’~ m l  —m u mt h u e-r l ~ us i i ucls us Ii ichu m m  m i l i m i m i m — us h I m  [ h i m ’ mISS - -I

= omul hu e ’ r l s dr i f t  at st~uI h mm uu I uslmm ’ re ’  shu im Im ij ui g u. p rc muiu l m ’ m l  hs t in e ’  ehm t uu i nue ’ h . n mia u g in u  h i num - ar  h_ It - A

r m - ~i e h1~uni t s cm u m thme ’ r ls  m ’ ( ur n -m ’ n u [ at st at i c m nu I usa ’ - m’x 1 m e ’ m tm mI lot all ‘~m j s mm nus m i  S um -us of s sa um ’

r e ’ t r au - t im i mm i n tm m time - m - e m rmue ’ r be’ (wc ’e’ ni t ime ’  i)(’hiidlim’ s lum irm - h i n mm - au iel t b ’  e ’ huhu ti d al c lc ’ h t iu .

6. Ge’umeral Ch aracteristics of Beach Response’ .

Itm ’aci i  v m -~~j , e m I u s -s ( e m l ittoral p r e mm m -ssrs  arc- n n mms l m ’a~il~ nuic ’asum re d tm v rt ’pc ’tit i ue ’ l me ’ a m’ l i

preifi lm’s ( ~~~~~~~ \ ami d U: I - h g. 10). \ leust sa nm ds l , e ’ a m ’ lm m ’ s eum n eh c ’ r go a Iui ghm ’ l’rt’quneuic y -
~~ e l m ’ m uf

m ’ r mu iuue a n m n l d c ’ 1 m e is i t ic imm in rm ’s 1 unlse’ to s l mmrn m m s ( i I Im\ m~~. I d)72) aund lusse r l’n e l t um - n n c s  elu aum gm’s

chum ’ m h arr ie’r isl~ueieI g r uust hm aumd inn le’t nm ni grat ionu. ‘fl ue’ s m ’ um ’ F i ( y of storm (‘re msi t un (1e1)(’mtds m mmi

s ua v e - e ’ em mn ditiumis . storm in surg m- . tidal stage . ami d st e urn m n du ratio mn . Be’aelnes adjacent t tcm North

Inuit ’t s h e e m s s  time ’ Is pim’aI 1ma tt e rni e u f a sminom t hu , c o m m c ’i i s m ’  u m 1esua rel pred’ ile’ innmnie ’diale ’hv af ter  a

storm. followed liv iam melw are h .mni gratiug ric h gm’ anuel rm t m mn i e ’ I  m’s s tm ’ n ui s wh ich units . de 1eem mdinig euni

55 itS e ’ ceunnel ition is . ssi’Itl t ) n m tm ) t h e’ hm~n- ksh me re ’ ( c m ‘c ermin a small lue’t ’nin (I lay- c’s amn d Boeuthiros d.

1 969).
Storm .e’reie le’e I be au - i c ‘ -a n i m ls arc’ d ej mc m s ii m ’ c l as a s l m m ’ e ’ t or bar inn lime ’ stun ’ iei m ne w hu icl u li mc ’ u u

icurms ti ne ’ se ’ m l im m n m ’ uu l  so tnrc ’m ’ f cur rici ge’ amic i r m un m ni e ’ h ~ ste ms eluirin g 1um ust stem r nn re -c ’e uv m ’ rs . Su u u m l—

..s sm ’ j m t  hs Ic u nng sh te urc ’ etur rc ’ i i l~ into im i(c ’ r l ic la l shiu ia ls or ti d al (‘li~unmne l be tteunn s arc’ mi c i t  re ’ael ihs

avai iable’ fo r ln’ac’hi r e ’ e ’ eev m ’ r \  . a mmme l imi a su muc l .st a rv e ’e i s i l tn ~ul ieumi , as at \o r tiu l nm hc ’ ( . thui s is it

critical loss. J )e ’ b ic lu me ’ ls huu ue l am id \ cm r t h u  lsl~mn teI hme ’ am ’ I m e ’ s arc’ c’inarae’lem’ii ,eei bs sma ll am id

e’p }u’rnrral I,c’runs a n d , e ’xc ’ u ’ h ) t j u st soucll i mu l ’ time ’ inm l c ’ t , a se’ausai ’e I—f~ne’ inn g e’r osI e uu naI st -a r i m tit n ( l ie ’

fe mr c ’ei um im ’ rid ge ’. ‘I’hum’ m ,u c - n u ll nncurp Iieulug~ of the se’ Ium’ac ’ ine’s is e - l cu sc ’ I s re’Iate’d tci nuigral ie um n oh’

time ’ inle t i t s e l f ’ e e uc ’ r  tine’ last I 00 ~ ears usim i k ’ hm usi ll he’ comm sie le rc ’eI later m e  t h is re’1,ee rl.
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1%. WAVE ENERGY F L U X  AS A PROCESS VARIABLE -

1. Leummgshmore Emmer g Flux.

Tss u mnmc ~~hi oeIs cut ’ e d i ta i t u i e m g Q. f l i t ’  longshuorm ’ se’dimen I tra n s ;uorl rate ’ , whm ic ’ i m are’ oft c ’nn

t nse ’ci ( t ’ .S . .- \ rn ns . ( urps eu Et mg imme c ’rs. Cci as [a l l’:n eg i ntc ’c’r i m mg Hese’arc ln C c’mmtm ’ r .  1975) are’:

(a) Eu aitmation m cml ’ huis t cu r ie’ah e’ Imanng m’s itt tim e balIm ~ n m n e’ trs cii (lie ’ lit (o ral zo mn e ’ near a barri -r t m u

heetigshno ru’ tr an ns h ueurt , aum d (h i) (‘cin ulputati em ni eel us au (‘ c - I m m ’ rg\ flux fronri measured conditions,

whi ie’ lm is t hie ’ mi rela tc ’mh (c i t Ime ’  Ie umg sl uei rc ’ t na m ms imo rt rate’ wit h ant e’mp irical re’Ia tionnshiiu. In th is

rm’ port . l m m um g sl more ’ m ’ nue r~~ flux us as c c etr m ieu tm ’e l leu r ti me’ four beach observationi stations Ic>:

(a) Exan uinme its muagnm it ui.h ’ am mel miire ’t ’tic nn in re ’hati eiti (C u tIme ’ pre’se’nt ebb tidal delta , annel

(hi ) re late ’ annual sa Iw ’~ of the’ )eungsiimu rc -’ e ’ mi m ’ r g~ fimix f’ae ’t cur to inistorical ch anges of sj uit amid

shio~uI g re usu t in.

h’ c mt a l  sui ts c ’  e’ tu m’ rg\ l~ ’r um n i( surface ’ arc’a im ’ (e’rnuc ’d s 1 me ’ e-h l im -  e’ mmm ’rgv . E. ‘~\ a v e e’nergs I’hmx is

thu- rate ’ at wl n ic’ii ~1u m ’ c ’ if’ ie .’ et c - c  is tran srtti [te ’eI in t I me ’ dirc’etioni of was e prop agation aleuing

time ’ e ert h m u geunia l. i”ullenuinng ( l i e ’ (h’ue’hci 1)md’tn l in 1. .~~ . -~rnis. Corps euf Et igmmuc c ’ rs . Coastal

Emi gim nc m’rinn g Um’se ’arc ’ he ( e - m it m ’ r  (1975). iommgs iuurc ’ e-mner gs Ilux per unit length cii’ be’achn feur

us a um ’ s ap~uroachiin g cehlid lune’ ls anne! e’u a ituat e ’d at t ine ’ s in  if zone is give’n lis

“us = ~~ II~~Cg sin 
~~b (2)

~lakinig sm’s-e’ral assun i~u t ieun s (Table’ 4-9 inn L . ~ . Ar my. Corps of Engineers, Coastal

Et m gimmc ’ r rinmg I-te ’se ’ar ch n Ce ’nte’r, 1975) Im nm cl using breaker height observe d at tine surf

ie mmm e ’ . P15 mu na~ be’ t’alculateel at ’ceu rel intg ( e m

— 32.1 hl~
t2 si ni 2a6 (3)

TIne result is P~ ~ 
as a Ion gsi ior c ’ ene’rgv flux fm- for  whiichn is proportional to energy flux but

not equal to it, anei is tine ’ 1u
1 re l e’r re’c i ( me su bse’e iuemnt ls in foot-pounds per second per foot

of heacln front.
Seasonal arnel anntual summaries of tine e-nnergy flux factor at each statioft ftur m mlii

directions are given in Tables 12 and 13. Mtinennghi time ’ meeh iani vahue is i,nciude’cI hmerc’

because’, as previously mh’si’riheel. it gives a bc’tte ’r inmdicat io mi of time nature ’ of t ime data in tInt ’

case of a skc ’w e’ei distribution, the mean value is ge’e)ltugnc ahly more’ significamit , Positive’

ske’ wnme ’ m’s is introduced imnto the longslnore c’nergv flux factor distributnuni hu tine occt l r renc-e

of ani irifreeluent e’ u- u ’ nm ( . time ’ northeast storm, whic hm gemit’rafrs m i ght wave’ energy . Offsh ore’-

data (Fig. 12) substant iate t lmat the’ h i ghest sea and suse ’hh winicli coul d affect tine’ sinore hine at

Nmu rllu lnnle’t Come from tine’ northeast. Therefore’, meani P1 ~ 
reflects these higln storm values

from perieuels dumrinig whi ic1i major bc’achu ehnanuge’s take’ place and in In itive’ly tine ra te of

s’ehimc’nit tranaport is grc’ate ’st.
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Table 13. Annnmual lonmgsliore’ energy flux factors,

- 
~~a 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Mint.

__________ 
Debidnie ls hi nmmd 

__________

IfltI-25 N 12 80,6 80.7 54.8 1.9 ~1 12.7

C) I 88.8 112.5 51 .8 I .9 634.1

1)111-10 N I :t 39.3 48.5 18. 1 -~~~~ 179.0

( I) S j_271 65.4 c) 2 7 34.2 1.9 589.4

________ ________ ________ 
North Is land 

_________

Nl-14 N 81 68.2 91.8 33.3 0.2 615.’)

(3) S 48 37.6 46 ,1 25.0 0.3 252.5

N 58 91.3 96.4 55.8 2.2 434.-I

(4) S 50 68. 1 82.2 36.3 0.9 402.0

~ N = as. - aimp reuam ’ Iu dire’ctionu Iic’twe’e~n eaut and niurtlm.
S %\ av m’ apimruachu dirm ’c-t ionu hetwe’m’n cas t and south .

2 \ umm nhum’r cml mm hmm ’ m ’ rv at uotur. leer  th at (Iire(’tiOni at th at 1cart icemlar stationi.

h)t in inng (lie ’ Sc’1ute’nibe’r 1974 stu dy ,  a mnort lne’a.st stornn arnd tIme associated win iels (Fig. 6)

prcudt i”c ’eh Imi ghi nimc ’amm son tlie ’ ris -elirc’cteeh P1~ on I)ebidue Island, but a nortimeri s- connponie’nt.

due to wave ’ re’fra etie ni arotminc i tIne’ e’hb tidal d elta , was present at the North Isiaunel statio mns.

Tine ~am mic ’ patte ’ rn lure’s aile’el in Jannuary amid Marchn 1975 (Table 12). S ututhnerls- annd

southie’aster ls ss- in mcls iii ,Jnuhv 1974 geineratc’d flux ceumpomnents toward tine’ nnort lm at profile
Nl.20 (s tati e> mn 4) ami d preufile’ \1.14 (station 3)~ again, refraction resulted m m  virtuaih all

energy- being dirc’cte’eJ towar d tIme south a nn c l tine imniet shoals at profile 1)Bl.10 (stationn I).

Lack of summer data at profile DBI-25 make’s it tinily a gluess, but presumably e’nie’rgs flux

would lie primarily dire’cted to time north h ere unneler summer southerly- wave approacln

conditionns. Note that on ann annual basis (Table- 13) there is a significan t ceumpc unie’nnt cml

energy- flux toward North Inlet at all observation locations witin ant asSdud’iat(’d rate of

s ’ dimemnt volume transport toward tine inlet freum both nortin annel sotmth n. This is sinnilar teu

the reversal (uI hongshnore transport direction described by Hayes, Goleisnnithn , amid h obbs

(1970). leut inn tine e ase’ of North Innlt’t c ’xte ’ mnsiv c ’ swasln featu res on ann e’bb tidal delta

platform have’ developed rather thann a pronounced sluorehinc offset (Fig. 13).

Resultant vectors of the longshore e’m me’ rg\ flmux factor (Fig. 14) show net flux toward tint’

inlet when extrapolated to an annual basis, assuming that the 2 we’eks c)f d ata are

representative e)f each season. At DBI.10 (station 1), wave refrac tion virtually ehinniinates tine’

northerly.dire’cted component , while tIne profile DBI-25 net value, most representative of

open coast conditions, is also inle t.direeted but at a 42.percent lower rate. Note t imat tIne’
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Figure 14. Resultant longshore energy flux vectors
(foot .pounds per second per foot of beach ).
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nmc ’anm ammmm ui a i value’ cml tIme smn u (hmc ’ rhs — e l ire ’ c :Im ’e l c ’ eu n n m p eu n m ’ m m I (Taluim’ 13) is le i gh ee ’ r at preefile ’
h) Itl—25 thmani at j ure ul’ih’ 1)131—10 , w h ich is re lated te Iiigiim’r nnmean n hire’akc’r Iue - i~ Iu Is (Table’ 7) at
1e rmu file’ 1)131.25. W i( luinu t lmis eo mmte ’xt , it SS as of em i,ns iele ’ rahu lc’ im u(e’ re ’s t Imeuw time ’ c’ ;mergs himix
Iat ’(eur re’ hatt ’s to time ’ km ieuwmm Im isteir ical e:hl an mgc ’s as \ce r t h i  inle’t rnigrate’eI ammd them ’ l)e’hidue’
lslamte l shill gre ’ss 1m m tIme ’ las( 100 y ears.
2. Inlet Migrationt.

S i mi m ’ e ’ 1878, \or t h m Iem le ’ t  has migrate’el seu tmt h mwar d tc i ts 1e re ’ sem mt pei si t ieumi (l’ig. IS). as
maluhue’cl 1mm 1964. I)urimng th is Iinnc’spamn , l)e’ bidiim’ spit lmae l e’x te ’nnde’d tee (lit’ scm thu anncl time ’
exist ing large e’hulu ti d al de’lta deve ieqmt’e l , as de’scribe’eI 1m m S m ’ e ’ I iu cmi V .  I3e ’m ’aeism ’ tI me ’ Iua( lms rnm’Irs
of (hum ’ 1878 smurs-es- is imnadequate fur de’ta ile’d study ,  a con nhmari scunm of time ’ veelu m mm m ’tri e ’ elmanmge’s
be’twee nu tIme 1923 amid 1964 s mr s c ’ ss  ss it~ macic’ using tIme ’ euri giilal t .5. Coast amnd (;c’tude’tic
Sun’se’s (t SC&CS) lueeat sheets. tJs i t u g tIme ’ mineti teud of lJeann a nd Waite nn (1975), lmsj uot lme ’ t i c a l
ncm- inn i& ’ t ecuuntours us c rc ’ supc’rimpose’el eu m ’r (lie’ muri ginnal bathms’mc ’try and a 0.5.kilcimm’te’r grid
adele’d tO d ’d )%t ’~ time ’ nc’ar slucu rc ’ are’a (Fig. 16). T Ime ’ el iffere ’mnce ’ between actual aunel m i eu—imm i et
ce umn ttuurs was elt ’tm ’rmn ine’ei at e ’ ae ’ i m grid Iuiinmt 1 mm te’ rsc’ctie nn and tim e’ fceur—c or rne ’r value’s th em
a~t’rage’mi (ci gis e’ a mmn e ’a im id mt ’ ru ’ase ’ 1mm seclinnc’nit t lni e ’k nm e ’s s over the grid square’ . Sumnnimng th ese’
value’s ove r time ’ e’ ,nt ire’ grid s~ s ( e ’ n m n results m u  c ’ e e m n h e t n tc ’ e l e’bb tidal delta volumes cuf 19,674,000
en bic mete’rs inn 1925 aind 35.674,000 e’ubk’ mmiete ’rs inn 1964 (Fig. 17). These’ figures ind icate
a mmcl additioni met ’ 16.900.000 c - tm helm ’ nnne ’ Ie’ rs w iie’mn 900,000 cubic mete’rs is adde’d f c r  tIme ’
grcew tln of I)c’ Iuicleme sp i( u!uriumg t ime ’ 39’s e’ar tinnespami. ‘l I m e amnnual rate uf increase is 433.000
cubic me’te’rs or 566,000 cubic s arels 1ee ’ r year.
3. Energy- Flux and Sediment Transport Rates.

L - tilizinng th is value euf 5.66 X l0~ cubic yard s per year withm time relationship Q
~~~~~ x I 03 i>~ (I. - .S. Arnn s . Corps of Enginneers , Coastal Engimneering Research Center, 1973)
giu m ’ s ann in ne h icatm ’el e’nne’rgy flux factor of 74 f’cmt- poutnds per secomnd per foot win icin compare’s
%%-e’hi s~ it i m time ’ me ’amn amunnual inlet-directed components (Table 13) of 88.8 amnd 68.2
foc t .pmuum mds per se’cenid per foot (average ’ = 78.5) at DBI-25 annd NI.14, respectively.
Resuitamnt annual c ’ mme ’ r gy flux ve’ctors (Fig. 14) e)f 35.3 (l)BI.25) amid 28.8 (NI.14) giue ’ a
total inic’t.direc te’d sediment transport rate’ of 4.6 X io~ ctmbic yards per year , a value w hmic in
is 81.5 percent of the historical change volume of 5.66 X io~ cubic yards pe’r ve’ar. Since
e ’ nme ’ r p flux cami be related to longshnore transport rate ’ of sediment , ch anges inn spit annd simoal
greuwth over se’ve’ral de’caeles may give a reasonable’ inndication of tIme energy flumx facteur
c lc ’ r ivc ’ eh freem littoral proce’ss measuremennts. Sediment transport predonninaintl~ inn omic
directioni, as inidicate’el Icy- geomorphic e’vielennce . wou ld probably be a niecessar y comndition i
fe)r this analysis. - -

Nei le’ tinat tine ’ h)B1.23 (station 2) d ata do not inneluele’ ants summer value’s and th at tint’
annual meann to the’ soumthn would probably- come’ c ’ v c ’ mm closer tc) tine’ derived energy- flux
factor hey- lowerimig tIne value of 88.8 if sucin data hmael be’enn innclude’d. ilowe’ver , two factcurs
remainn unevalimated: (a) TIne magnitude e)f onslmore.offshiore compone’nt of sedime’nnt
transport whicin nmay contribute to shoal growtln, and (h) tine’ amount of sedimenit hs 1nasse d
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Figure’ 15, Summary ccl shneure’ Iine ehanngc’s , I 878 to 1964

(Inasc’d on L -SC~-Us stnrvm ’s-s 11-14 19 anm e l 11-8838).
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Figure ’ 16. Ebb tidal delta volu m m ec ’ iii 1925 (base’el onn t SC&CS 1925
survey). -\ nu c ’xam ple’ eel ’ t h is method is slue wn on tIne’ righ t .
The differences (fe-c t ) at the’ grid pe)int intersections are 7.
3, 7 annd 3; thne’ir me’ann is 5 fec ’t (1.53 me’te’rs), whnic hn would
tinenn he the value for time grid square.
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around time ’ znmarg i u m of t ine ’ e’leb tidal delta, Co mnce’rnminm g time ’ fi rst , I. .S. A rrmns , Corps ul’
Emi ginic’e’rs . ( e asta l Emmg innt ’e ’r in mg Rese ’are ’ im Ce ,mtc ’r (1973) s t i gg e-s (s that sa nme l from tIme slmeif is

mnot a signnih ’ie ’an u I sce m ir c e ’ in c (hut ’ sc ’eh in nme ’ n t huudgc’t of thee ’ hitt ce ral z ei dme ’ . but further work on this
Iee ) irn t is clearly need ed. \\ ithn regard tee by ~)assinm g, ii w emm uhd se ’er me Ilmat thu is factor would t e ’ m u d
(e m decrease’ as time ’ innle’t rmni graticini rate’ slowe ’e l a nmd ( lie ’ ebb ti d al ele’ lta gre w j im size ’ and
stabilize’d m m  it hmpre ex i lmia te ’ iv its present pcisitionm. Air phieelme s iniclic ’ate ’ (h is tcuok place’ inn time ’
late’ 1930’s wi m ie ’ I m su-as preuhiahuis tine ’ start of tIme ’ dril’t re ’se’rsa l and tIne mm neuve ’nmem nt of Neir t le
Islamnel sa ni c is towar d time ’ imn lc ’ t. ‘i’ lme’ c -lei sm ’ ag re ’m’nume ’t u t lee’ tss c ’ c ’ nm time ’ observe’cl ss as e’ c ’ mmm ’ rgs fLux
anmel time ’ value ’ che ’r iv e ’ c i  l’reem sh oal growth innclie ’ate ’s t h at ( l e e ’ I mml e ’ t sh oals arm’ imi glm lv e’ l’ fi c ’ ie’ m nt
trappinig mnne’e hmaunisnis le e r h itt eu rah drift. Ne ’ ue - r hl ie ’ h c - ~s. bs ~eass inmg am id onmshmo re’ —e >ffshnor. ’
trauns port mu mas- be’ e ie ’eu rri m mg t ee seeme’ c x  lc ’ ti (.

V . MORPh OLOGIC HISTORY OF THE IN LET , ADJ ACENT BEACHES ,
AND TIDAL DELTAS

I. lnitroductiomn amid Genneral Scope of Immformniatiomm.
Meer pinolei git’a i m l  eami ges l)etwe ’m’nn 1878 amte i 1964 are ’ sum mn n mmm arize’d 1m m I”igure 15. Tine’

triggerimig mmn et ’ imannisnun leer timis e hm anm g e ’ , amid tIme ’ gre uuu t Im ee l ’ I )e ’h , ic hmne ’ lslannd spit a distance’ e e l’
1.3 Lilununc’te ’rs tee tIme ’ so utim between 1925 and 1939, are’ difficult to detect. h’erlna ps ann
overwash break in the ’ Nen ’th island harri er opp os ite ’ l own Cre’e’k cre’ated a more direct
c h na mnmme ’ l le’a dimmg tee abanie lom nnnennt cml tIme ’ chma ,nn tc ’ i tee time ’ nic ert h i. Spit growthm undc’r time ’
clonn imnant uie ) rt hme’as t wimid and sv ase ’ a1eproacin t lee ’ mm c e e tn t inum’ci, c’ndimm g abene t 1940. At th at
time tInt’ inn lc’t sta iuihizc’ el un a1upre x innatel y it s prese ’mnt position . amn(1 tIne tidal deltas began
their growth. Lac k of sediment st ipf mis , perIea~es clue to various coastal stab ihizatiomn
structure ’s bet ween \ee rt lu Inlet and time ’ Seen II, Carolina— Nortlm Caroiin a bemrelc’r. amnel rising sm-a
k’ve’i (Fig. 8) are primm ary- c ause’s of the presetm I t ran sgrc’ssis c’ miatu re e f  tine ’ slmore’line.

Tine sc(iI)e’ ti f inn ber nnatie im m available’ (ci eloctnmnc ’nn t mur~n h m eeIee gic chea nnge im me ’ hucle ’s ve ’ rtic ’ah
anne l obiieiue’ aerial ie ime m tos, original hy-dro gra1ehic bc at s h e e t s .  c’arly e’dit ionms ee l’ t ’eiastah charts ,
ann el nnaps prepared clurinng field studies. Vertical ae’riai heiiotei (‘overa ge was obtaim ne’d se’s c m i
eliffe’re’nt time’s bs various gcuve’rnnmcmnt ageincie’s be’twee ’mm 1939 a m n e l 1973. Inn ad d ition, spe c ial
het m rlem )sc ’ color inn frart’e l c ’ e e v c ’ ragm ’ was obtaine’cI by time ’ I. - .5. Geological St m ru u ’y ( t 5( 5) c e un
7 April 1974 and 1ev National Oceanic an ne! Atmospheric’ Ad nnini ,st rat ,mmnu (No t -\ )  een 27
Marcln 1973. Oblique’ ae’rial liimo(os we ’re’ ohetai nnt’el c 1tmarte ’ r ly cc rrt’s 1)onnelitn g wi t h  tIne ’ 2 -ss m ’e ’ k
fie ’ Ieh stuc k iec’ r ienis. ()riginnal imyei rc grapiuic stm rve ’s- s im e’e ’ ts are’ available’ dating front 1878 .
1925, annel 1 964: i m e w c ’ ue’ r , tine ’ e’arliest survey (I, SC&GS chart 11—14 19) sime iw eel little’ ee l tine ’
exact conn fign mrati e inm of time inule ’t moutim (Fig. 18). A ht lm ceu mg in eiglnt e’dit iotns ee l t S( ;~ (;s chart
787 (niciw N ( ) . ~t A . re’niu nun hs’re’eI 11332) c x  1st, (hue’ Nc r(ht I nub’ 1 cc un figu ra ticen amid ha thy met rs
Inave’ not bee’mi re’vise’el e’ac hm hinne (Fig. 19). Tlm is e’ Ima r l is primarily- used leer time W inny alt Ray-
cmi t ramn e’e ’ , wlmit’in imanne lies ce)nn nne’re’iai traffic amnel I roviele’s am’ e’c’ss (C) 11mm ’ lmntraeoastai
\\ atm ’ ru s -as . Ceembinninng pubhisime’el informatiomm wit h f ie’iel nnuap anti pree file’ d ata . nmiorplneel e e gie’
cinanm ge’s inn time ’ inmlm ’ t. adjam’e’n t be’ae’Ine’s , annul s immuals e ’ amm in’ c lc’ta ilc’eh.
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Figure’ 18. Earls sim o re l imme ’ ci ma imge’s (alter t SC&CS).
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2. Inlet tlign’ationm annd Morplnolog) .
\e e r i he Islan d ssas t ’cemmtinm uou s se nm ( ii e el ’ (Iii’ m ui ( u mm t hm ee l’ Towmn Crm’c ’L inn 1878: 1mm 1916

( Fi g. 18), a break ss ins ie rm ’ semmt num ’ a r t ime ’ l i re ’sm ’ m it imu l e ’ t  ( i mrm ) a ( s ee ui t lm e ’ a s ( cii ’ the ’ ‘l’oss mm Cre’c’L
m nm e mt mt ln ,  This hure’ak nm ma s hav e ’ ceri gimmate ’ mf as ami uvm ’rwasli iire’aelm sd mi c’ Im was s u m h isc ’ e i um e ’ m it ls
e’ mn la rge ’u i his Jo m i m ’~. Cre’c’k hlm ,ss finm ch i m m g a sl iee rte ’ r rce u m ( e ’ (0 thee ’  eie ’ c ’ a mu. ‘ l’h me ’ s m m l era t idlal heart ee l time ’

~uma1l isla rm el It’ll Ies tie is bre’ak 5, as e’ re~ le’tl ass as to l’ormnm t im e ’  s n ide ’ slumial oh’l’ tin e’ inn esi t in of
‘l’oss nm Cru’e’ k ~er e ’se ’ nnt 1mm tIme ’ 1923 stirs m ’ s ( l- i g. 19). TIne ’ islannc l 1ir e ’ sm ’ mi ( 1 m m (h is stir s c ’s lie’s a ie im e g
lIme ’ 18 78 cheat um mc ’ I—mm ua rg im n linear liar. m m c l  pr~ IiiuliI~ ru’pre - se ’ mut .~ u,j ewar d gross t in eel ’ t h is i’e ’atui rc ’ .
1ece ss i bls lus sss -asl u hear ae ’crc ’ t i ee m n , zu t’ (e’r (lie’ t ielui floss shnil ’ t e ’ c i primnmari ls ( me t ime ’ sm n mt hn c ’ r m u

m ’ hn an emn e ’ l. Ue(wc ’em n time ’ tinnu’ ee l’ the’ e ’ c un u ligm nra t i e i m m puhilishic ’c l 1m m 1916 m ur iel t ime ’ 1925 l’ie’Ie i
(lie’ mno rtl me ’ rn t ile eel ’ Neert hi Islanmel c’romieei , pm’oleabhs clue’ to lielai tl m ss t huree nig h u J e e m u c ’ s

Crc’c’k. \s a result, a wid e’ , slmaihoss inm ie ’ t e’xi s (ee l m m  i 923. re’c’urve ’e l s 1e its we’ rc ’ gross- imm g
sout luss arei f ’roni ()e bielem t ’ Islamnd: tIme ’ nnmrt hne’ rn (‘iiaflhn(’l ssas abanme lo ne’c i as time ’ se uc mt hi e ’ rnn
cinanune l ls’canine ninorc’ e’ffi cie’mnt imn hna nm e lh in g tidal flow fre imin ieo t hu Teiwni ami d ,I ce m ne ’ s ( ;re’e’ks.

Vertic al aerial phne itc is ut 1939, tIne ’ e’ar liest available (Fig. 20), ~h i me ~, (f iat a I l iu m re ’e ’ nmr vee l
spit hmae l extenidm’el sceuthiwarc i as far as tIme’ s ea m t hne ’ rnm mutarg imi of ‘l’ cewmn Creek , TIme ’ m ain c’hie
chn ann nne ’ l was lie’imng pushie’ el s e u t ln  by tIne ’ ae hsa n mc imm g re curs- c’ arid brgann to take ’ onu a som e tIu’asl
aiiue’nnem nt. Time ’ c lub tidal ele’lta lut’ganm tee eim ’v m’ le i 1u 1m m i t s  iere s e’mn t position, and tIne iic’ae l area c f
Sixty Bass Cre’c’k begani c’ rcec iing clime’ to ss aye ’ exposu re’ simn ee tIme retreat of Nort Im ls lamne i . Rs
1954 ( l”ig. 20). e ’ re esie ) mn h a d  openie ’el up tIme ’ eree’k to tidal flow from ti m e ’ u ’must , The’ Icew tide’

pi ieitce (A pril 1962) is time ’ e’arliest to ~iioss tin e’ m’xtc’ntsive tidal delta development inn de’tail.
l)ri ft re’ve’rsal dine ( cm time ’ e’bb tidal delta Inael tec’t-onne ann innportanlt im roee ’ss. feed ing se ’e l innm emn t
to a lar ge’ numbe’r met swasim hears mosin ng s lmo rm’ware l j ust soutin of tine’ inle’t. Small rt’e’ urve’d
spits de ’ve ’ ltu 1ec ’d eimn (Iw’ lip cut ’ North islan d. () nm I)ehidue Island a large ridge nearly welded to
tine’ luacksim urm’ . arid a wi de rid ge- and riumnnn e’l-cove ’re’e l Icuw title terrace e’xisted. TIne’ large’ ridge
ss as m’om nt iniueu mns for tine e’nntire lengtln of E)ebidue spit , enidinig in the’ form of a recum’ve’ near
tint’ inhe’L Tine’ appe’aramne e of ’ tine entire’ ss stc ’nn i at th at t imne was th at of postste)rm rccove’rs
tollowinng the e’ft ’e’ets of tine north east storm of ’ \ larcin 1962, whicln did mmmcii dannage’ lee tim e’
e’nn tire east m ’cea s t of the’ t nited Statc’s.

By F’e’lurt iarv 1963, tIme swasin bar off North Island h a d  become a large’ ridge’ separatec I
l’rom tine backslmore’ by- a berm runmnuc’l and had growrm in length toward the inlet (Fig. 20). Inn
1964. a USC&GS ground survey resulted u n  tine ’ 3d edition of clmart 787 (Fig. 21).

d ocumenting tIne chamnges since’ 1925. Brnffinngtonn amnd Randall (1964) mnote’rI tine growth of
i)ebiclue spit, tIne c’bb tidal delta gre wt ln about 1,600 nueters to tine soutint’asl arid t~h) to 300
meters of shoreline erosion 1.5 miles seutnt ln of the imilet. Thnis is aluout the hoealieun of Nl-20
(s tation 4) ss iue’ re littoral materials ar(’ moving son tIn (lue to tIne’ re’gionnah tramnsport pal terni as
well as rnor th n in response to drift reversal about the growing ebb tidal delta. Erusiomu was also

re’sponnsible for changes in tidal cre’e’k c ,r iemntatnu,m.
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Figu re 20. Historical chan ges at North Inlet. Sketcines are based on vertical aerial photos.
Beach areas interpreted to be above MHW are enclosed by heavier lu tes and are
stippled. Pattern of short, parallel line segments inndimcate’s areas of breaking
waves. On Inigh tide photos (A, B, F), pattern gives t ine approx~nnate location of
shoals. Original photo scale indicated.
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I l ee -  Li i ’  l i e  c i  l Ie Ss min i - i .  , s ~ e~ i i  I- ’  - c c i i  r( l i  I - l en d c e  c~e i - c i  ss i ,
~n e i mu l l  ‘-ti ~e - Ii !e ~ i r -  mir e d

e e l  t h e ’ “ e e ni t i c , - i e i  i i i e i i - l — i r i _ i r . i e i  liii’ er I c _ c e  t e e  er n ie .1 Imee ~_m e’ . l _ — s h u m e 1 i e - e I  e . u — e m n — \ e —  lei l le~
I I e~_~

_ 
~ - II c c c - m i I c c - l u c i d  t h e -  i - c  ui r \  c -  I c e - _ i r e  ( c c  t i l l  Ir e ss iii ss ur ce t t e l pss u c — i e e e

i r e  c i  e c ~~i - — c - _ e r i c  c i  i c  hc\  t u eI ~ul li es, l ! u r e e e i - l i  i — i e imu l i  L e rc- ~e t e - e f I e c - t % s e ’ e - u u  ( l i e -  u e - c i u e e c -
, unuc l Iii, - e d i c t  u i ( c ~ Ic “c e ci t l i  I —i _ ce cil — I c e e m e l u u l e ’ , I ~_~i e r .  2.~ —le e, ~,— l ee - — Ic e le h es c t e mueeuie—I nuu , ce _~i r ~

ii i i i -  t i c , !  c -  ,i h i s c - l ~ sni c he’ e e i m e u r e  I d l e  e l e m e u c e c c i l ee  \ 1 j i l  t d i t ) . cr ~ . -s , ,c - ~ , e c  ~- c , i i t i i  ‘ e l
l i c e - cii c t i i i l ’ t ”(t ( I i.’ . ~( I)  ( ‘ c i  me ~‘e i u i i l i e  c i i ’  ) ss mm ~- r - -~c c e c - — c l , t c  l e e r  f l e e ’  c - c .  I , , e c t c m l e e - r m e i e c - e -
— -c ue ii li ii l~~i~ — l i i l~ h e - u- _ u i  l e e  _~e u n m c -  I~i’2 -m el - I _ c, s~ _ i— e l - _ c — r e t  i r e  \ im u r Ii l ’ t T ~~_

m e l e l d r d d \ i n u i u l .  e r - ~c - a t c c c ’ i i i ’ i c j _ i l i c c i i  e e l I I I  i ide - i  I -’ —t i c\ , m u i c e  I i g e i r e  2.

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

1- ’ngure’ 22 , ( ima m m nu e- i - mm mmu r g in u linne’ar Ic mee - s , !~priI l~
) 7O,

3, I inlet ( Iumu m u i ~~ : I e)72 75 ,
\ e l e - t mu ihc cI e -ec n nu iemur ’ isu u i ee l  A pril 1970 m un ic h \Imem - u - he 1973 i c he ce l ee s (I- ’ug . 2ft1 simic ss r i t e

eh e ’ t e ’ e - tmn l e le - ~— e e c u l h u s s m u u ’ eI i- c - tn - c - met e e l ’  ( l ee ’  ~— I c c e e -  ee l’ \ur t hu Is h m u r uc i  t m m e i n c u  t h u  inle t c’h cm uni n ie I (i”i g, 2~ ).

‘ h ’ he e - m l m . s e - l e e h m u nme re (  c c l  l i r e -  ~e- m,ss  m u u e i — c ’ c e n m u -m u s e ’  s i iucn ’ i ’ h i ru e  ~e e r m  t i e  mc i  t he -  i ic ie ’ l  t m e e e h ~ j u lm uc e ’ iii t hu u ’
‘ ii)J e ’iii;m 1,1111 — ‘c r ime’ of lim e ’ s u e d  h ic ’ ine ~ i u c ,-e a ’ 1 ee e um mh ’ e l  i u e t c c  thu r  f l a t  iue ’ I u inn e h ( l ie ’  rec tum - s m -  1e~ ss i nu e l

t r~m n u ~ h c c e r t m i n e d  -_ d e n e u e  hi e in g in ue - u r p ce r mi te ’ u i  i n i t e c  t ime ’  m - l uannumu ’ i —m mi m ei ’ g inn h in m m’ mir bmuu. -~u ieh i t i e e nm mu l  s m unim l
e ’ re ee h c ’ eh I r een m i l ime ’ r i cer l l u ie m e n c l — l _ i .  lu ’’ mh i mnnmuneI _ h l mu u ’ mnl le l —c -c l~~e~ cc l  t ine ’  \ c cu lhi h~h m i i e e l  l ( e i u r ’ e

mm 1 e 1 ec - me r — l e e  i ce -  i’ i l l im ug inn ( l ie -  m ine - mi c ue - m i t  t h e e ’  m m m c d  h im m e t ti me - s immm m ll e’re’e ’k l’ l me ss m u g I e c ’ Im i r ue l  (h im-

ree ’ un r s c - . t-~u ’ F u l m n ’ e ’ nu uc ’ eu ( cc l ’ li i i— ‘ - e-eltrmii ’ m u t is pm’ olcmel ;ls cm cmnlc ’ u ’ imei lerecmu g ie l iii l u-cern li m e ’ — c umllm I~s
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tIne ’ f o mmg sheu re ’ d rift re versa l, wit h lie ’ac ’ lm-wc ’tdm ’d 55% music fe ’akure ’s su pf e ls i mn g trnu e’} n ee l lh mc ’
se’el in mme mmt ( Fig. 23). ‘i’ime ’ hac’k ee l’ e’s- iclemn t seam tIm ward im m le ’ t mmnigrati (e nn mef N eer thm I m nim ’ t  mn ias m uhsm
be’ re’ late’el tee lime ’ fact Ilmat tine irm lc ’t has seomnred in to a c-o h i e’ siS c’. him- —gras . pos~ib1s
Ple’ iste ice’nnc’ Ieae’k.barrie’r c lay inn tIme ’ , mm i rt h m e ’ r m n 1ear [ of tIme ’ Ihreuat ‘cln amn mn e’ i. -\ ( h i gh wate r
mIe ’~e th m s e e l’ 8 nmme ’ t e ’ rs . clay is oe-c’misicetmail y lerougin t up cm tine anc hor , indicating th at it
iireuleale ls dire’r’t iy m utme le ’ riie s tIme ’ smmrficia l m-omurse san id—s ine ’hl lag. Clman ine’i se ’eeu ri mng cif t hui ”
mnmat e ’ r ial ss oulel be’ rm’ Ia l is -e ’ hs difficult.

Tine ’ l ) m ’ Ie ie hmi e ’ s hi m e re ’ met’ t ime ’ in mic ’ t m - ee iisi ~ts of a re ’ -ii rveel spit aite nug time marginn of wim ic ’ i u
snunalle’r re’e’urve’s genme’ratc’d by rielg(’ anmd run nm me’ i ss sU’mnms migrate siuore s~an’d a nd into ti ne ’ imm le ’ t.
Inn J i mmie ’ I d)7~~, a wid e’ Iee’rnn w mm,~ erc ’ate ’e l as winnc lblowmn sand fille’d time ’ are ’a (Fig. 24) emnc le use d
lus (lie’ rc’curve. Sirnee’ th at time ’ time ’ bc’rm on t h e  tip of Debidue has become’ subslantiails
mnarrower as t’rces ieurm IK’twe’en prof iles DBI-10 and DBI-TS contimnued , as sm ’ c ’ nm inn July lt)74.

A comparison of maps nnade inn 1972 and 1974 (Fig. 25) shows substantial retreat of time ’
bt’aelm , inncl im’ated liv tine’ positiomn of the base of the beachm face. Time’ nnain part of tine ’ Spit

Is’e’ome’s unstab le’ amid erodes as the open beach, corresponding to tIme proximal, eastc’rn emnd
eel ’ t ime’ recurve’, e’rode’s aneh time processes of wave refraction and tidal flow ten d to maintaimn
time same’ re’eurve ~elan form. Evidence that recurved spits maintain a similar overall plan-
fmurnm ss it im tinhe’ may- also be’ found inn Farre’Il (1969). As beach c’rosion proce’em]s. th it ’nn . tine’
l imit ’ S is m% uk ’m’d Iu% decrease d wisitle of the’ re’cij rved spit omi [)ehidue Islamnel.

Tine’ innlet t l mre eat area consists of’ two morphological componnennts : The maimn chiam im ne l.
wimichn is sonic 225 meters wide, and tine inner part of tIne nnorthnerni cinannel-margin linear bar

whose tipper surface is near meann sea level (MSL) (Fig. 26). TIne latter approximates 550
meters in widthn and forms tine base on wh ich recurving ridges migrate around the Debielue
island re’curved spit. A ste’ae ls m ovement to tIme soutinwest through time’ of tIme ’
topograpinically higher inner sh oal margin (Figs. 20 and 26), along with tine described
chnannges onn Nortin Island, have localized tine channel in its present positionn.

Tine’ major cinange’ observed in time inlet tlnroat cross section came as a result of tIne severe’
nnort lne’ast storm of February 1973. I”athmometer profiles (Fig. 27), w lnose’ total lc’mig(In has
lwenn adjusted to n early- time ’ same Inorizontal scale, sinow infilhing by- tine’ chnannei-marginn
linear bar into tine cinannnel on tine poststeer nn preefile’ of 6 Marcin 1973. This is e’v idemnt w ine’ im it

is nnote d th at tine’ ce’nntral highs, part Of tInt ’ seaward-projee ’ting ebb spit. Sinotmi(i be in
approximately the same position. Tine’ sharp pinnacle in the’ 6 March 1973 prof ile’ is
interpreted as a remnant , resulting from erosiomn imn time ’ are’a innilicateel. as tidal scour te’nded
to restore tine original cross’sectional area. By 5 May 1973. the pinnacle m ad been entire’ly
scoured away , and, presumably, a near-equilibrium comndition had been re’estabiishned.

Tine inlet throat was surveyed eight times between 30 June 1974 and 26 April 1975
(Fig. 28). Length adjustments were made Ofl time profiles such that all hnorizontai scale’s are
between 34.63 mete’rs (113.62 feet) and 38.63 nnne ’te ’rs (126.71 feet) per inchn: onnlv th ose’
profiles requiring substantial adjustmeni t were chan ged and linen to a scale’ of 37 meters per
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i-’ign nrm ’ 28. Ne e r ( Ie Inmie ’ ( th roat leatinymetry . I ~)74- 75.
Prce file’s nmnn lue’t w e ’e ’m m locations 7 amnel 3 (Fig. 10).
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i mm ( - iu , \ - -  e t i i ’ - c s  i m i t  e j i i m m i m t m m t s ~ i- . r mmi l ’  i Ih u mu rm mm ce - i - f — , -  u i i u m e c i t l t m m t m s  e - , in mt c - m ’~c z e - t m u t ieue c . hm c neld Ic c ’
mui mm m h e- m l  (hu m - I - i  ,e neta l  ‘ c -mule - . e - — ’ c - c - i m i l l \  met t h e- — c c e u ( h m e ’ n e m  e u c u t e e l  ( l ie ’  1 i u c e t j h e ’  ss i i m- m ’e li ce J m ue : ut

l i i - —! i t i Lm l m r c c i i ~_~I t mmmi ‘ ‘ i t - — c - , \1S I_ i ui ehiu - mi t c- c I mcii lime’ h c rceliIe- ~ m~ e l m - r i s e - c l  i r ecmn u m e s e ’ rmmg in m g
h e e e e m r l s  mcc c i i  S~ - c ~~- m he’ s e -l ~— m i s  ‘ - 1  mi 2—~~c - c ’I ~ u e e m m n l  c c l  ‘ c eccel i 1 i e ~m hi ( ~ ( idle ’  u’ u ’ c ’ ce r t I’- ,

155cc  —i i  hmmJ m ; u n i e i e - 1 — eem m mI ~c - uf i  t Im e ’ i um ai em c - Jea n um m e’ h ‘ e l (h im’ h el m - I . ‘h ’iue’ — e ’m is s meeml — 1 u r ec j e ’c’li mi ~ c h ili —p it
c c l ’ th e e -  l I c m c c c i  ( u e i m m h  c I c h l m u  m i i i ! —  (mc c hi ~ i c lc’ t i m e ’  l ’ Ieess l e e - t s s e e ’ e m  (li m it m~ —im iumg l’u m enem J ccu i m -~ (u - e ’ u-l ~ tee

t h ic ’ ~c e i itim mm mi m i ic ces em (m ’ e ’i-L te c Ie m ’  um e i r t l i .  ‘i i ( l mm l i - im r r e ’ umt  s i - I e c m - m l i c - —’ mmeim l  sah ime i ( ic - -- % m er\  i c - F c c — —  t h e e ’

e ’ lclc — 1 ei t l ,e ee n :mc lm urs — as el e ’sm -m ’ilem’eh hehem ss iii t ime ’  his- t Iu - m ui im e - ’ ~‘ e ’ c - t imem n . TIme ’ e ’ h esa t i em uu ui time ’  ebb
c hm ’ e -n ’t-as im n cr ssn t l n tim u nc ’ mu ni c h is h e -~s e’v ie ie’n n t (cmi time- last two profile’s t h u m une ( e l m  t I i em ~’e ’ e ) t  t ime ’

— t i n e i n i e ’ - e  mu n i c h tal l ee l ’ l’)7 1. %~estssmrrd mm n i grat ion m eel tIme’ m’m u (i re’ fiocud lidmui ele - i l mu o mu de’r t ine ’
i m u l’hi e c - m ie- e - e el ’ ~s mu ’, m ’ -~ss mn.hi mmn i (i ti d al m’ um ’reuut s i~ rc ’ s 1c me n m s ilele ’ teen ’  ( I i i’- : I iee ss e ’ v u ’ n ’ , t h is I.— ci ‘h c u~s

I ce  ~—~~ _ m m nic l  t ime ’  c ’ hnic s1j i( im- ahsc mirmii cere ’ (l s~iti u .ini i m~ st c ’r siue’iI lm m g ch’ 1ce sit.

l mi he’t lhe r ome t -ru i~ - ’—~c -c - l  ii ii i~ I m cm c’m m s scen e- m:oznpnm tm - el mmlui mu g tIme ’ t i um — c ,,u ( prof ile’ f e c  t ime ’  m u n m erg iu n (if
— t l ue ’ i nete - rticlmm l she cc mu l leer . m ’ mec - h u  c ie ua rte ’ r ls s t e n u l s  . \re-zms mnim ’mms mmr emi sse’re : 27 ,hm u l y l m )’~

’
~I. 993

se 1 (m me r m’ m ii e l c - r — ( I 0,706 squar e’ l’e’e’O~ 
it) —

~- i c t e ’ nmmI ee ’ r  I 97- I. 886 s(Iuiarc’ nm nm’tc ’rs (9_ t 3  sd l m umu m’e

e e l ) : I :~ ,J m u ui ena r~ 1975. 
m)~ 5 sc jm nm m re n m n e ’l c - u s (9.946 scjei mure ’ fe et): 25 \lare’hm l97-’~. 894 smlwi re’

nimr t e-m ~ ( e)(~ 1 
d) sc1nn are ’ l’e’e’t) : mm md 26 -\ i cri l 1975. 968 square- nne’ters (10.412 square fe’c’t).

Pu’rm ’ e ’m i tm m ge’ (‘Imane gd’ s Iemmsc -ei mcmi time’ so nu m im er area mum - c - — i t  1iercemn S for Sep te’nniiue’r. ——7 jm er(’e’nu S

er I mmumeia r ~ 
, 10 1e e’ rce-n mt for \la re’ Im . anu d —3 1)erc’e’nnt leer A pril. -\ liv peuthmc’ti m’ a l e’ rreu r ccl ’ ±5

mee m -lc -r~ ice c - l e mmi unuc ’l ssid(I u clue - t i c smmr s e -\ m u g  m’ rrcer amc el roml’ 1eos ih iomni un g e’rror w eum mi e l re -sm u R inn a

~- ui ’ rm ’ e-m m ( - rrecr 1mm time ’ change ’ m m li me ’ s lease -e l onm time ’ \ Iare’ iu e lmuta. Th is may be take’mn mes so nn ue ’

in ie l ie - m u t io uu cml ’ t iim’ mne ’ e - ur ae ’s ee l’ time tlal m m : m- anu c le m n e’i’m-ors clue ’ to he c al ope ’ rationm alsm e exist hunt
h um is e’ l m m c (  Ice - m c i c - s m u h u m m u t c ’ e l ,  ( e c n mu h mmm r is e en u oh t ime ’  ~7 ,Im u lv 1971- aced  2 ’~ \im mr e ’ ie 1 975 pree l ’ik’s

( h i ~
_ 2I~) — h i me ss — mm 1e ss a n - m I gi’osstf i m ) l ( h um ’  i nm tu - r ( id mu l  s i mcca l amid mm shimell e mw im i g eel ’ time - neem eu ’g i mem ml fi m e mcm l

m:lu m m mue n e ’i . \m - n - i mnI ~u hicc t cc— (l - ’i g”. ,~6 motel 29) sugge st t h at t h is hums e’ c ’ s e m lled l’rccnn i  l Ime ’ i nem ’ r em u s inm g

S i / c -  m u ni ch r i u mm i i i c ’ r  cml  ~s s , ms Im tm m mr ~ nnnigratimug c i n u t e e  thee’ fii e)m ul m u n u d grc uss tli e e l’ a snn nal l e’iui ,— c m n ’ im ’ nu le ’u l

s1m i hi e c ’ , e- r  b lue ’ i c - f ur  t i me ’  i )e ’ Iei chm e s lmorm ’ . :\ht h i ce en g ic c m s c ’ r  thee ’ last 3 s ears tine ’ in m le ’ t  limes l m e ’ m - m e mm c e ’
ss ide’r mi m ic’ (em i c - c -n - i -  m e~i mig w id t i e  of time- !h’hiehfne lsl m uceu l re’ - i mr v e ’ m h sp it. h c r cmh i le- s s Imm ucc ’ u l mm ie’ss
mee m it i us mu ie c ur l d c c  im e i t si m cinu a ~e i b s t mn n nti mn l t,’c-n m el  inn t h is ei irm ’ m ’ t i u m i (Fig. 30). ‘ r ice ’ rm ’s pc e m is e ’ cc l’ thee ’

ic re i l ’ i le ’s , c -c ’ ne i ~ Ic c hem ’ nuiecre -  a f’l’m ’ c te ’ e l 1ev shie m n ’ ( — ( m ’ r mn i  m uc - c ’ n - e ’ t ie mn i m m m cl e ’ recs ieui.
4. Dehidue’ island and ~ m e rL Im lshamnd Beae’imes.

Tium— g m - n ue ’ rm u h nmie e rj ch iolog ic’aI e - h umum n ge s ccl ’ ( hue ’  he’ac hie ’s mm ml j ae m ’ uu l to Nort h h uu l e ’ l  h um ms u’ lec ’ c ’ nm

sm i muim un m m r ize ’ei iii e ’ c e nm nm c ’ m ’ t i ee mu ss i t ie  inu le ’ I mn ei gr mu timen e lee ’tw m ’e ui 18 78 m mmcml ( l ee ’ 1c re ’ s e ’ mil . Sc’a le ’s e’ l rise’

ami d them’ hmc ss rate’ ccl ’ 
~m mcimh— ~eze- mI secium nme’ ,m l in flux hmmm s c - m’auus m ’cl signni l ’ie’a unl c ’ i m c s u e e n m  m )l I ec c ( h m

Icc ’ , ie ’ iu c ’ — . Ex t m -, u~--i s , -  u-t ’ l ’m er (~ ,mt le e -am - l u 1c1’m’se’ rs-a (i e e mi h ave Im em e - mnamle ’ on h ) e l e i ehene ’ . um s in i g chum’

l’e’ nue ium g mm m cml u rt it ’im - i ah 1 e h mmm m (ini g eel ’ se’:n cea(s (( I l Ui I eL jm imie ’m c la lu ) :  hn m c w u ’ sm ’ u ’ , ss- t ’ s tw ar ml re’tre ’at Is

eei nmlin uuin mg. a nnul unIv a rm’ lative ’ ls narr mc ss dunn i m’ arc ’a m~ pre ’sc ’ nc t in n fronni ccl  tIn .’ l ic lm ni mimars in a m nel

m nnum el f lat (Fi g. :1 1 ). ~ nu N mer t h u Isiminie l. sh imert s e - gn mn e - nnts of s ie imparm ull m ’ l Ie e ’a m -hi r i d ge - s mire ’ h mrc ’ s m ’ n m t
- m m c m  S Ic  c c l time ’ re ’e ’ tur s c ’ e l s 1m ih (Fig. 31). tent (h uis mu re ’mu l ime s be’e’nn re-e ’ m’el in ug e e s c’r Slut ’  i m e st 3 ~m’ mu m ’s
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Figure 29. 1119cr channnel-margin linear bar, July 1974.
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(e ’ cmmu j ) mmr c ’  i s i t h u I i m~ ~~~~~~ - h - ’  ml i i  c c l  l ime c ’ lmh e t i ci m ei c le ’ l ( m i . u mc - mcr  \ i— 2 ( )  ( s tmmt im e nu  -I , I”ig. I 0). lIm e ’
b e e - _ C e he i- c - ” _ m c ’ c ’e i i i eg ls mm mmrr e.ss . m em nel sc ’’,e ’rm ei cc s m ’ess mu sh m fm uum s (I”i g. 32) are ’ bnm iie l im cg luae’k i m n t c ,
.~j m e m r I i iuu ec l le ’r n i J lo r u n im a rsh u. I h c e - ~c- I’anms mire ae ’t ise ’  c u nn ing hu i ghie ’ r .1e riuig ( ic les. Un time ’ l um ’a c - Iu
t i c  e ’ , mm ~c ’ r% t hui ~i. m u c - ti ~ e - ~m ermel lm u~ e’r (eS-e ’r lie ’ m- mm e ’ euzmr s e ’ slme ’ I l Im~mshu w itin smc m m um ’  ceiarse r sa m e!. T h e
slim- li e le -i e i ’ i - — i- mm l nm i c m — t  e - x m - l m m s m s c - l y  mi s s tm ’ r shi e ’ hh ss- hu ie ’ I m m - ec unm e ’ s thmr ci mm ghm t h uc ’ l c m ’ ae - Iu f ’romni time ’ nmn am’ shi
mc. — l rm cm m s g r c ’~’ sec mu e ’ ccn m t i m i u i e ’ s .

u, Is’.’ume /m Profile’s, I n u e l is iehm u al beach 1creef iie’s mur e’ inn \t c i c e- n eclix 13. -\ elesc m— i j et i ce n n of l Im o— c ’
• 

~im es -
~~ e’c l hcetw m ’c ’ n i  1 m imic ’  i d) 7~ amid Jt umne ’ 1973 is inm cludm ’el inn Fimm le’v (1973): 1cr ul’ile’ res hee ln ism ’

t e e  ( hue ’ h”e ’ l e nm u mm rs le 73 n um er ( h u e ’ a s ( stom ’ mum is d isc - mi s se d late r. Profiles we ’ re ’ ee htaimic -el be ’ tw m ’ e -n u
j un i me-  I 9 ’’3 ammel Mas I 97~1 temm ann irregular lcmusi s at [ Icc ’ s e-s e mi  origin al s nO ’ s until ( h im ’

e ’ s ( m n he l is in mum e ’ n nt c c l  t ime ’  ~nc lml i t i memim m I site ’s inn ,Jun um ’ 197-1- (l”ig. 10). See1uenntial 1c lcc t s are’ innciu dc’d iii

\ ie ie m ’ m m t lix il. Tee m- \m i e e c i nm c ’  t ime ’ me e - ( ise ’  sam nel c’mi ve iee hme ’. qm iart c ’ rh y profiles we ’ re ’ pl (utt e’cl iii c’or re ’e l

i c - I m i t i s m ’  1etesi ( ime u u l eer  ( hue ’  l’mce i r  lee ’a e hm e mlese ’ rs- a ( i m c n m stat i ou us .
l ’ hu c ’ s i-  ~c I ce ts ( Fig. 33) si m m c ms that tine’ bean ie - s ss e n’m ’ iii aim accret iomnary phu mu s e ’ inn Se ’ 1et e ’ n mmhi m- r

17 - f , before ’ tIm e ’ ccc  e r lhue ’as (  St om it of 23 and 24 
~~~~~ 

cte ’ nn bcr. A berm wit h a hamne iware l slept ’
,c ue ml shiar ie ls c he ’ f ’ imue ’ d bm’rmn e ’ rm ’st had  devc’leu1ne’c1 s inm c ’ e ’  tIne .1 uis 1974 prtuhle’ at Di l l—It ).
1) 1 ;l - 25, ami d N 1-20. Erosicum~ dune’ t(u storm ms - mc s c -s th rou gh time fail am id winter resul(c’el inn

mm } c j mm ’ e e x imm nat e ’ see hin ne’ nmt le sse ’s ee l 23.6, 13.0 , aunel 10.0 et m i ei t ’  nnete’rs per meter between ,iuls
(c)’’! m m m cmi Mare -ic 19’ S ‘ic r t ime’se’ th ire’e i ( ee ’ mu l i t  ic ’s , it womilel be’ expe’cte’el thnat some’ of this iec ss

ssueu m I e l  hem ’ n’ em ’mes ere’el mis storm eu sm ave ’ f’re’ q ume ’ nncv e l i - i - re ’  muse ’s teuware l (lie’ sumnne’r ci t 1975 . Icu t
he ,’ -rs a tumm n s si n n m-e’ 9 9  i nneii -a t e ’ th at tim e ’ mi’ ,t ’ raJJ ( i-e ’m nel is net erosie nmn. Profile NI- Il- h a s

shum i is m m mu ste ’m cml y rism - inn ic’v m’l of ’ the uppc’r be’a i’hm amme l m m e’onnsistenntl s lane lwarcl—s lop inng bermin .

-\ m - e - r e ’ l ic e nu iue ’hcuw tine ’ Ice’rmn m ’ r m ’s ( represenils anm adel itieeni of 124 culeic nneters per nne’te’r mit ’

be- mec - h u be’ Iw e’e ’ mm J mml s 1974 mun(I Mare- In 1973. Norllu war d migration of line’ t et i l m et ee l sms mus h bar

met t m ec ’ he me ’m)( to th e e ’ he’acim ss mcs respomnsibh (’ for the ’ upward greuwth m , simn ec bs March 1975 .

1cree f i lm ’ Nh- i l-  ss m m-, leeca te ’e I on time ’ wide som ntin flamnk (if’ tIme ’ swas in fe’ature .
‘i ’ i me ’ l cc ss ccl ’ 10.000 tee 13 ,000 cubic mnetrrs per kih onn mct c -’r ed sand on I)ebidmme’ islannel usel’

~m u U-nme nnt hm jee’riced is comparable to tIne ’ 11,000 etnbic meters 1eer kileirnete’r euf ’ en- cis icc u m

mne’m csml re ’eI by Dc’\\ all. Pr ite ’ hne’ tt , ami d Galvini (1971) for time ’ northeast storm ee l 16 to 18

I )e’uem her i~ 170. ai ee n ng tIme ’ c - n e~is ( from Cape’ \l mm\ - , Nc ’ ss J t’rse’\ , tee Race’ Peuim it, Massacin em se’ t t s,

Fit is simu g ic’ e’ve’nnt is reeug im hs ceuniparalele m m  effect tee a lonnge’r timespamn w hn ie’ in imn’h mm l u - s

mcm l t ij dm’ rm nimmeer u’ rc es is m’ u’s c ’ m n ts. 1)eWm ’alh , Pritclm c’tt , mmm cl Galvitm (1-97 h )  also nmoted ti umm t i ce ’

ste ,rm c’rosieuti value Is small conmpare’el te ne’ t iommgshn ore ’ sam e! transport rmi t m’s eel ’ 400,00()
c - cm lei t ’ meters iue~

r sm -ar  c’st imnated for the sl morm ’ I imm t ’ be’twe’eun Cape’ \lav aniel Rare’ Point. Th is is

s i c  lIne’ c - muse - at Ne erthe lnie’t , where’ nmt ’t ae le h itieenn to time ’ ebb tidal ele’lta (Fig. I 7) imi.Iit’ate’s a

he cei g si mee me tra rnsj co rt rate’ m el 433,000 cubic mm ne ’ te ’ rs tier ve mmr  toward time ’ m ule ’S.
I,. Beach Response ’ lo \or llu ’u,sI .Stornn.s . Tine nortlmm’ast storm of 10 tee II Fc’brtnars 1973

h imc s alre’ad~ be’e mn eic ’serib.’e l mis time ’ mnna j e e r storm c ’ se ’ mm ( at Nc cm ’ t h u  Inilet during tine ’ past 3 s m’ mur s.

\ t ~~~~~~~~~~~~ 1)111.10, 7.3 runeters of forc’elunie’ rid ge’ ss as ie st as the eruehiiig f’~nc’t ’ 111 uvc’ml

ss c - s ( ss m u re l hce ’ t ss ee ’ mn 2 h ) e - c ’ m ’ mmm bc ’ r  I 972 a m me l IS l”e’ ier mnm ury le)7:u ( - ~h d L c , - \) .  -\i 1e ren l’ile’ h) i~l—2 0, a
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Figu re 32. North Island overwasin farms , July I 974 (upper photo) amnd trencln inn
upper foreshore, July 1972 (lower photo).

78



-- --~~~~~~~~~~
--------- “-—-,,--- - -- - ---— - -.—- ‘-~ —~~—--

Lt~

-
~~0m m !

M
~~~~~~~ >/b~~~ I

mfl~~~ ~H~
1 

~~~
il

l / 11 1’
liT &

j 4 14
C’

~~

a 
~ 1 ’

0 ’

-—‘- - 
-
~~~~~~

--
~~~~~~~~~



- - - _ _ _  ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~

.,~. ( c c i c r l m ’ m - l  mml i  s c - t h e - m d  -c ii i (s ,i- i - - c -i l m et I c e  t c c — ( c  e rnum , ,i c c !  ,i - C c c i  ( m u l e e c h  I i I  i c c  -
~

-
~~q 

is

i i c , I i I c - h i h ~ h - .,,~ - ( I  i - ,,m _ 1 ) _ ( - i t i 1 i , i i m — ’ - I i  m c i  I i i -  i - i c i c l e - e l  —c m in ’ f c  i t cm’ c c f i i c ’  l iI, ~ _~ i ~s i I h i
1 1 m m -  l c r c c c ’ c h i t m: F i l l !  n , c i , i - l i r c - i u u c ’ n e t ~- h i ’ ss s mc l i ,-- - , i h , c , \ c -  n i l - m ice  hcc ss ss ; c I , - r  i \ ! h , \\ ‘ i t  H( i  c m d e j c -

n nie-( c -u- — ce - i iu lc Ic c c c l  mi m i c - lu  ( I 1_ !~ c - c i i m i e ’  m m c c l —  m mc m ‘ c c c l c c ! ’ h c e’ .ic -hi ) m sii m c - l c  i tichc- : c ti -~ (h c; c ! (li e s

—t u n i c c - mu m — i ’ d c I , c — t c c e e  — i i e e m l ~ c m c m ei i i~_ e i i l i m i hc ( c c  ( h i m -  h9 (i —t i - t i  — ( m c m h m ’ c l  l es t i  m,\ m ci i ,  hi n i ( u ! c c , h t
mmi i i ! 1 ,_ i l ’ ,  cue ( I i’m mhmmm h m u t c - c i  — C C - ic c c c i i  t i e -  m n c  c — c c  c l i  c \  t i c  - mmcm - — _~~-~ _ \u ’me is , ( ,‘i -

~ c— i t

( i ; i, t~ii l-n -’ i n ic - c ’nu n i -’ 0 - - c c -h ( c - c i t - i  - l m ) -’
~~) t’c ’ i  ( I c e -  i i i  c - r i c h e r  1970 - t u r n

( c c c i  \ c ‘, I, - - -s le c - c c - h c - ~- ) i ii ’ 597) I.~ (i - i i i ! I .~~~ c - e m l e i e -  c ue - I c r- c r  n i c e - h e - u’ .
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)f’ (Icc - S ic u - i-c- .i ni gi mumc l j m r mc f ’ i l m - l mec ’ .thi (cm - — c c i i  Nm m m I h  h — h m e i c i i _  ( hue ’  ‘ c i t hcc ’ mmi ~ c c  i c e - c file’ ~, NI — ii
,im u m i N h— I I- . mere’ si mm-l I e-ri-c l l ’m’ me m m m c lime-c-h mc l c i m m - ccm ci - hu eel ’ n uc c c ’ t h mc - ,c— t ss , cse- ~ h cs them ’  c ’ !c he ( j e l m c h  m h m i l m m ,  \ -

n— e - smui ( c i t  t h in— i crolm’ m’t ic c e t , mmci n nm ~mJe en e ’ree —i c c m m . u~ m nem l i m - m cte - c l lc \ (Iii - c —c t i c  ccc eel ’ ( i c c  hcm ’n ’nii c i  c — I  -
c m c m ’i em ’n’ c ’ c l l’rccnm e (e _ j mnm m mimc c’s tee 17 l’’e’h e u ’ i i m m m ~ (973. msi mu i - ii u n u c - l c e e hc -e l (hue’ uu e cc ’ t lim .mst

~‘ im c m t i n e ’ n n u n 1 m e e s t  1u m ’ e e f ’ i le’ mmmi  \ c c n ’ t i u  hshmc e uc l . N 1—2 0, m — h em- s ec c ue l (lie’ y _ oui i - c c l  1 c m ’mc tc ’ c - ( i i c mu I c y cct ’l ’’— Ic u cn ’ c ’

c - m m  ( i n  Fe’ s m m m cl in ntel e - r ss c’ m m I c -nm esi c e t c ( I- ’ i~ , 
,‘i5~, ‘I ’h c m ’ ,“i’ , uu r lm i m e,  u I I e ’ r i m m / i o r ez  h ee l m ’ \ i c c c — i c 1  ceo (Ic c ’

h me 5%c ’ r t ’c c rc- ---h e c cr e- j ermeiez c i i l s  umnmel e ’ r h im ’ -’ t h e -  e - m i h i r c -  h e ’ mcm ’ hm s mec i ch  I cr is mcm ss hmn i - l i  i- ccmmh y  — ‘ t r i m ’ - 1(1(1

rm n e ’le’nm- - s~i eIe’ (l rcc nn \li ,~c\ tee u uum c n ’ shc rm um un’ g imc) inc t i uis sü - im e i l s  . Lam’gc- e j i umu c e t i t c e - — c c l  c e \  — h i — I c c !!

are ,uehcl m ’ e i tee (hum’ hem ’ mme ’i u — m- ehmm m m e’ , c l s m u s (I cc ’ m m um u r — I c I mm ’ mm ( is lcrc c ke ’ue cm 1 c mc u c mh m a n u e l  mu ss m i\ i i ~ , t i )
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I- m gln r m - 3-S. h” ee r e ’ e l u m mm i n ’cc ige ’ — c c m i - (cm hcpe’m ’ h diuce t ec) , m n n il cc it c SI ’ ’  ‘ — c m i ’  ( l ec ~ser 1 d i e e l i c )
mnl 1n re e I’ ihc’ \ I - .,~m m , Le ’ n u gt hc c c l ’ sc a l e ’  is I m m n m ’ l c ’ n.
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A radiea’arheomm elate ’ eel 920 ± 120 ye’ars Before’ Pre’se ’mnt (B.P.) was eubta iume’d feur 1ee’at samnm ie le ’s
at tine’ mmmar gimm of time ’ scar p, giving a very appreux inmnate lomng.term lucacln recessiomu rate’ cut ’ 0.50
tu e 0.38 nme’te’ r seer s ca r  uve’r tIne last 1,000 years. ‘fhmese data are consistent wit h time ’ re’ latis’m’
rise’ inn sea ie’vel mm me’ast mred by Ihieks anid Crosby (1974) and may be indicative of emmstati c se’a
lt’~e’l emhiamuge amm d eeeni~eactio nma1 subsidence oni time ’ sou tim flank of the Ca1ee Fear arc im,

- ‘ leew-i nte ’mms ity nnorthe’ast storm omn 23 anne! 24 September 1974 restmlteel imi sigrmi ficamit
ls’at’ Im erosion anme l was  the eunilv storm of th is type t u  occur durinmg anny of tIme quarterly

2-msm’e’k sttnelv perieuels. Kana (in preparation, 1976) analyzed time de’velopme’nnt of an
erems ional scarp tutu Dehidue’ Island, with profiles at tine beginning and end of time 2-week
pe’rited inelicatimng icess c’s cii 6.7 cubic meters tier meter of beach at 1)111-10 and 13.1 cunbiem
munc’tc’rs per nneter at 1)131-25 (Fig. 36). Note that tine beach recovery was well underway’ lus
27 Se’1etembe r 1974, s~it im time development of a laudward-migrating ridge. Figu re 37 sin cews
tinat time scarp d eveloped primarily m m  a 6-inour peric d omn 23 September whnicin coincidc’d
with a hmi gin tide, maximum breaker height (120 cenitimetesrs), maximum lonigslmore curren t
(140 cemntime’ters pe’r second), and greatest wir ed velocities (20 miles per h our wit h higher
gusts). lh- 0850 imours on 24 September 1974, 13.4 cubic meters 1er meter of be’acin hnael
been lost inn a 24-hour periend. Sotmt iiward-dire’ctc’d energy flux factors (P15) for tine
nnidnnorniinrg armd nmidafte’rmuooni of 23 Septc’mnmiie r 197—I we’re 402 and 312 foot-pounds per
se’cej nnd pen’ foot anti 1cm 24 Se’pte’mber 1974, 136 ammel 312 foot-pounds tier second pe’r foot.
The’se data represennt a significant contrib mntiomn to time ’ annnmual mcamn south ward P15 s- a lm uc ’s .
with out which tIne’ close correspondence between longshorc trarnsport rate am id
derived would not exist. h ere, thcmn , is another instance of tine significance of
“extreme ” events in contributing to tine overall mean conditions on a sc’ctioni of coast.
5. The Flood Tidal Delta.

Tine flood tidal delta occupies a position facing the inlet betweem m Town Creek to
the north and Jones Creek to tine south, It is streingly affected by wave ac tion at hnigin tide’
(Figs. 38 ann 39). Although its morphologic Ce)mpOniefl ts are quite similar to flood tidal
cle’ltas of New England estuau-ies, it is substantially smaller than other su ch fe :’tc re’s t e  tine
nice rt h i along the, east coast of the United States. This is a direct result of the limited area feur
( ie ee ccl tidal de’lta growtii afforded when tine inlet stabilized at its present position (Fig. 20),
c miii time’ tr m m mis g re ’ ss i %m ’ n ature of the shoreline. Whnile t he main delta inas siiowmn contim itmoums

- I’ - c n c ~ e -  .itiel m~e’stt ~mnrei migration, time ’ flood tidal delta at tine junction of Town Cree’k amid
lb fe ce imce -  ( r e - c - k  .-hammg e~et s e’ ry little’ betwe’cnn June’ 1972 and March 1975.

( 1 ,, Ia,m’tu~ .in i ebb sh ie ld nmiargnmn eeppmesite ’ tIne ’ nnceu t lm of Sixty Bass Creek migrated se m ni m ’
I _‘ ‘u. h- n-. ~~~‘ — ( ~ arch Ire .m I cm i s 972 t imrouiglm \larc’ii 1973. Planform ou Hines of time ’ delta at

c c  S - • .g $o I , ,  •~~ $k’ ~~. —i~~,ereh rm Ire - c l,

~~. i r  e. : , r - a . i , — , t e - c - ’ , c  i t ,  c i  i-TI ) (Fig. 41). sinew that mis (1mm ’ tid al delta

~ • he I(s. ‘ a—! I - c —  -I’ • 
~ ‘‘ cc ’  - I  I ’  c.~m I e is Cis nm mu im ’ ii mis I me’fer in sce mn ne areas.

-4.. P$ i . - - . t  .4t fg% n,. f ri. ~
, r c  ii i .  . . J .m ’ flmIl i uI J nmtiImIli%e ’ rm mlhm m ’ r ( m ann mini m’xm mct
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Figure 40. North Inlet flood tidal delta planforms.
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i u m l c ’ m 1n u ’ c ’ t m e t i e e n m  s i u m e c l l c h  lee ’ nn m mcc lm ’  ee l  t h u  h umenn i , meme ta l  sc ’ m ul c - , \ l m c l c l c u e c ’ -  cm l  ( I c e -  e cs u ’ n ’ me l l  I c m ~c im g umm ~c h e \
m m nne i “inn i ul m ue c lm ’ i c thm m c c c -  i n u i e ’ r 1 er e ’ tc ’ c l  mis i m e c h i c ’ m u t i m u g  l i t t l e ’  m h t m i c m ~ c ’ in c t hee ’  rc ’ c ~i mc n u  ee l ’ l ime  ,~c c mui ’ — ( , r c - c - h ~
mu nic h tcss  m u ( rm - e - k  e - i um m num nm ’ hs .

Ti ne ’ i l c ,ee ci t im! m ul d c l  ( j  is I’l munuL c’ e l he y mum -c- mime ( c - smunne l ridge’s . c en ss mu sli m is c - i  I c e t m u i s .  ss hi i c -h i  mire ’
nm ni g n -m et ieu g ss c - —I ~s m m mcl m m num i stm ’m ccl i I~ ii uum mm ni m u ti c i ~ .‘-j llirtuuz uIIeriniJ ’Ioriu muumur c—h m. ‘i ’h n m’ e uce n t iu- m ’i c

ss mc shme e s c - r is (him’ lm css u’r cml tine- (ssmu mm m c c l h imm — m cmi mcm ’ ti se ’ shi j u  ‘m um-c’ m cc c its ss m- -— ( c - r i m  mummir g i n u  ( I ” i g. - 12),
S1 cru c e ~ I ~clm -s m u  e - ecmnn hc j i u a ( i m cm u ss mt h u mc m i e enu sl m c, m ’ e - ss m i d  merm’ ~i e 1l’ im-i c ’ ce ( (cc i -m n e ms c ’ ss m i s hn eu s c r  at hcm ~ h i
t i mtt ’ :  a umm m mj u m — ( min n i e is m cm l r c-c 1 n n ire- e i . ‘~/ u i JF ’ ! 1 (na  p eat ms g m’ m c e hmc m mih ~ lme- u ne ~ un cm e-m e s c - n - c ’ ch e mm u (him
— c - m e ss am’ el -.1mb’ ee l ’ t ’ mce - i e  r e e l - i ’ , anu ml si mil e - r e - c ’ e ) I ecnu i z m u t i c c u e  Ic y ( h i m ’  i c ’ m m ss us I me L u u m c,~ ii m m e -m- ,
6. The 1-Ib hu Tielmul [)e’ita.

Time ’ c i c ’ sc - e i t m Imic tielmi l m le ’ l tmc Ie m - ~ m nm c i ts ge- c~ms t i c  iii t i m e ’  ! m c t c -  c ) 3 ( 1 ’-. ssi ce ’i c t i m e ’  im t l c ’ t  s t mu hc i l i i c cI
nec-men ml— c n c - sc’ect h oe ~c tn e ece. ‘lI me- i mi gi n (ci n c mi m l (imli’ p hi  d e e  mc i I 939 (i” mg . 2(I) shii c 55 — ( 5 5

7_ ee m ie- s ‘ i t  i cm m ’ m i L c c i e s u e t ’, i mc di e - muEi n mc ,~ (l ee ’ c c i - ~m - nc- c - cci ’ e’Iu mcumc ie l —nm m mu , ’~ i u i lieu - m um’ h cm e c s l’ im c e e i i cm c,,~ ti me-

nm imeimu c-helm m -h u mcccmn e ’ l , ( lie - sr m ’eu m i u i mc cle( cm ls mum-c- t \ s c i  m i t ’ (I ce ’ t ’i~ i n i um u j ee l m ’ ccn u m f mecnu e’ m u( s eel time’ m Imic I i el me i
d I c t j , i  umumec l e l li — c- i  mi i i ’ ! icy h I m c y c ’ ~. u’t mm l. ( lm )7~ ): (mm ) \ l mu ine c hi l e e -h mm m mcc ee’l . (in) i I i i i i i  - i i I , c i~~l F i

l ieu - _ m i - I c _ cm ’s , (c - )  f i - u ’m um i nc m ci l cm i e t’ . (ml ) ni mm i r g imem n i l ’h cc cee l m l c m i m e m u c Is _ muni ch (c ’ )  ~ss mi, Ii l e m i r —  (h” i g. I 3). ‘ 1 1 - ’
c s e ’ rmn l l  n m n e e n 1 e i m m c l c  eg~ re - semi  Is l’re i mmm a h emn lmi c ice- c i i  I’m c r c - c  — ml cmm-  tee  ss ,e\ I - m u m - t i e  in c . l ’ im cmcc l m’ uur n c - u u Is. c i i i

c l e Ic  i - cu r r e nt s .  w i t i m l i m e -  hmuttm ’ r Iem ’ i mm g m lom m ni n i m m m mt  as ch i -~i - r j I , c - c i  he y h imn y c ’ s , c t mc i, ( I  973)

I~c c ( e ( h m n c c y c l  ( ie )73 ) .  m m mccl  h i u n le i m:m r e l  (1973). inn mic i e i it i ccum , (hum ec el ire c-helm (Iml m c h elc’ h l mc cm - — I— ccii mu

i,rm i mu ci .  c -he ’ S ate’d mure’mc te rm mm e ’ c l (hue- m I m i c  l ielmi l 1 ci m n ( I ccr mcu ss mim ic us (c e e m mmeh-e t (e\ (lie’ (e-ri ci~n m m mi lm ch m - ,

‘l’hi e’ f’cmrn m ne ’ r c ’ i c f s  t i el m ul e l c ’ h ( m m ,  m u — se m m m d c c l  s s j ( h i  l ieu -  m i n im- I  1 i m d s i ( i m l c u  c c l  111711. Is stil l c - s m i l e - c i t  m u

— c mi \s m m i c i mere - inn ( I cc ’ me l ’I’s him er e- Iemc t h y  r ime - t r y . m - — j c c - i ’ um d i i \  ( i c e -  I ~- I , i i c I  e - c c c u t e e u n r  ~cuu’ s c ’~ c - m i ne c ic ~ e I
I’’igs . 17 munich 21), %. s l mecr l  — c ’ gmnm e - mm t  m e l  ,i s l m m c e c - — 1 i mc m — m c h i e ’ h  t m i 1 i c c g u m c 1 e l i i e ’  i mu g l e _ c i — c ,  r m ’ m m u m c i m u s  d c c c l

I L u i i c m m e c ’ Ic - n  c c t I s i c e c r ’ c ’  l ie - mci um’ c ct ii c I)ili-3( ) (i- ’i g. i t ), mm cc i I— i m et e ’ r 1 c n — m-te- m l e~ mc —i imm(l m e-ni ~ —c h urc - c’l c ’el

— i ’ c ’ e i i c - c i l  cc l’ l ice -  me ld c ’ I u mu nmncm ’ h -n u i , m c ’ - ’ -mn u l unu c ’ mu e ’  l cmuu ,  \ c m c c t i u c - c  —i m e c n’I — i - c i i - - c c ( .  em i cis i - s i d e - r d  m — mm

— l i i c i c — ~c l  (mum-Ice-cl — h i c c , e I . nne m m ~ i mmm s c — ieee- r u i cc - I  c c l  ( l ie ’  i l lu me - n ’  e - h c m n u m n m c - l — n n u a r g i c c  h m m m , ’ mcu ic m m n’ _ ‘Flu
l c ’ m c ( u c r c - . — li- nit tee m n l e l m c’ m m m ’ menu lice- i I l - tI ) c c l ’l - .h i m cn c ’ l emut i c y m u ue ’ tcmc - Imm’ mc l iii’ — , c — i ic ’m i m iil ~ 

tic _ i l cci

i (e  ~“ c - 1 c t e ’ m y m 1 e e ’r id )T ’ I ,  ss iu i e - h u mmnmu y i u m u s c -  iee ’e ,i ~I m ~ I u t i~ e u e e r t l c  c c l  t u e  ( i c i c -  t m , c c k mu n i c h .  I lm e ,e l ccre ’.
1 ei u-Lc- c i  c m i i  mmmc c i i -  ee l t ime ’  me l ’l’si u em r e- ne ’ h ie - t  1ce ~ec c g rm m 1 m Iu ~

Time- imc ic - r l c e l , u l  t m - m e ( umrc - s c m l ’ t i ne ’  \ c e r ( I e  l c d — - I m i mI c t i e lm ch  e l i - l ime  m c c c - t h e ’ u l i , i c i m c c ’ i — m e i m i n ’ ~ c iu  l i i i ,

l c ; i m —  m mcl mu — i -c -mm , ee l ’ —ss mus li hears sm e mi t hu  c c l  t ime-  m u l c t e c um t ime ’ c - h uh , ( i c imu l  e l e h ( m m  1 c i mu t l ’cem ’ mm u ( I  m-,~, -I-i ) .
h ’ h mm - ,m- hu,c ~e’ ie e e- t m s t c i m h im ’e l 1c ri n im mu n- ’mly Icy , mm-n imml 1 e im c c ( i -. mcccm l m i ci m ci — te -i— i

~ hemc IIm ~ mnue ’l rme - 1 mn c c ~ch e- — I r eeni e

~m ci ~ I 971 li ure um g hm \ i mure - i u 1975 , C e ’ ucm - r m i h m i m m i i n ~ m - ~ l e e R~e e ’ n u  the ’ ~m ’ r t i e - ,el , u m - n e m c l  i c - i s - c c l  \ i crm l

~‘7 I- mm mci \ l mir e - Iu l’ )7-S (i’ ig~ .11! mumue l  3d)) m mr m - :  (m m)  i mme - m’ m ’ m us im m g I e ’ m c g ( Ic  mmnuc l  m u — ( i - - l i t  nu i c ’ nc ’ ,ise cc
ii i el t hu c c l ’ time ’ — c c i t  I h mc - n m m e ’ in~um nn mm ’ h—mm im m r gi c c i i n um - mc n - hmmr. (he) c u e - n - c -a — i -  iuc Si ne l l ie  mc i ’ ( l i e -  . 1 c i i h m c se ’r

c ’ i umumu t im ’ h lere ’m lii inmg un 1 e ( hum ’ nn cc nt ime - rnm e ’ iuamm m ie ’ h — n i i ~irg im u i i,im ’,mm ’ le ,im’ . , ucc c l  (e - ) m u e u - Iluss m m rel mm mcl
s l e e c re - i s  mc re i nnn ig r m t ieen ee l ’ swas im iemurs ccii t ime ’ e~hie t im im ul eim ’ i lmm i cim m ( l ’ei rnn ee l’l \mm r t l c  is l m c m mel ,

‘Fiie - m mmerthue ’ r m n c i mam nnm e ’ i —nm m am - g i mc h u m m e r  lear humus i e e ’ e ’ me un e ’ in u- re ’m ms imi g i~ sc - g nm m m - u u l c ’ c l  Icy l ice ’
is ichc ’ n mumig cml ’ tIme ’ s1mi iiecvm ’r m ’ iu m mm m mie ’ i  wi l im t i m e’ . Th is c ’ hiamunm ’ i h a s  m i isce in ie ’ i m ’ mcsm ’ uh inc l e ’ m u gt hm
re ’ i m m ti v e ’ t e e  i t s  1970 rce ni f’igum ratie en n (e’on mparm’ i”igs. 20. 38. ami d 39). i3m mt hny mice - t m - ic ’  1e r e m f j ie ’  \ i— ( e
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Figure’ 43. Neert im inle t offslmorv bathv metn , 1878 and 1964.
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r e m m e ~ i c IF — h ic c u e ’  I i m m iuu i gli tIne ’ sp i l l me s c ’ r ui uc l shu ee iss t ine ’  gn’mu e lui muh sl c c 1 me ’ ie ui ihc l im mg un 1 m t e e time ’ l ui gh i
( c i uee ~ nmu i e Im i e- mmumcr g im i mel ( l ie’ s 1 em hi ce s m ’ r  l’m uhl ce si -ecl huy time ~ ra1cm d d m e e 1 m mm )’ ( l i t -  Ic - runnim ia l lcu lc e ’ , ‘i’I uc ’
mummur g imu simm , ‘ d c n m d c ’  6(1 tee 70 cm ’ mmti mm ne ’ ( c ’ r s iii gii m .r m i  ~e ’ I c t m ’ m ut I cm ’ r 1974 t h man i inn lIne ’ Ier e ’ 5 iceums , j um l~ .
‘i’liis ~cr e eh c m mI u i~ re ’ 1ure ’ z- . m- mu l s ,e ie t mi le l t m j c luy m’blu t id al et mrre mnts inn a j u’riotl w h ich , mis e’v ic l c - mu t- m ’ c I hey
I ee ’ r tm n clc ~~c ’ ic e~em nic ’ m nl on Icc-ac - li 1erme l ’iic’s (l”ig. 33). is as mm m eTe ’ ( ie ennar y- . ily- \l mm rm ’ iu 1975, tIme ’ Im ma r ginu
5’ ,is ~i g m dmn m le e sse r icy al eeeu i t 70 e ’ n ’ n i t i mn e ’ (e ’ r~. re-~mm ’ c ’ s c ’ ru t imm g dest runct ive’ wave ’ a cl ieemu , Iur~ 1immIe1 Y
ice ’ g in miumn u g isi l im h um ’ 23 S e ’ ietc ’ m m n lm c ’ r 197-I- ni c i r ih me ’ a st slu rrmm.

Sm ite ’  1972 lIme i m nnm c ’ r j carl c c i  (hit’ mmcer ( Ine ’ r ni bar h a s  gross mu iii a soun t l mw e ’s twar d dir ect imim i
is t im t Ime ’ a chehi t ic em i  me l smu n ic i c ’ r e eml e ’ e l  I’rce n m i t ine ’  l ) m ’ ie i ml um e ’ Is lamn el shicc re ’ i in mc ’ . -\ ~erte mmounc m’ d e’hil e

e tch  Im mm mn - g im u ii ~is 1e re ’ sc ’ mit iii ,J a mi u mm c r ~ 1975. mu t i d j c rce l’ilc’ i) ll l—6 imitl ica k’s upis-ar ci g rmc ss - th u o f
Il i e ’ e ’ m n t irm - sh iemmul  re ’ imi l i s c ’  tee \iSi, . S I ue ) m m h imn g ee l ’ t In e ’ t ’ hiamum n’ l—nnnarg i m m l imnc ’ar luar m u ll preefile ’ 1)111— 8
is mis mm lsl i  re ’ m ’ m rc i c ’ e i. mmmcl cl e ’ Iet lus le c ’ i me ss \h i_ ~ inn time’ first 300 r mme ’ lt ’ rs c ul ’ishuo rc’ hums - c ’ ch uani ge ’d
l’rcem mm ‘ d d c m mc - (co ‘ - c ’ cm l um m me ’ ( m ’ r s  It) ahuout 3() c ’ e ’ m ul i mm n m ’ tm - m - s be ’ Iwm ’ m ’ mm Juily 1974 mmmci \larc’Ii 1975.

‘I’hm c’ 1 cr c -e i i  c i t m mec _ m umt  Iced l’eernmns sc ’ m mu m i ni  l ime- e’ Iia rm ne~l—rn argmm m h imme ’ ar [ear at leess - t i d e’ arm ’
m t c - g m m re ~m 1 ml i - s I i -  ‘ cum ’c l 1cm re ’ s pee mis e ’ tee I mi gin —sc ’ h e c i t y c’bb l’le w. Th is prm cr e’ ss is ac t iv m ’ eve ’ni m luurin g

I c ig li is m us m ’ c c  i ec I ~1 m - r -  s ’ i ( i n  surfac e’ nnn o cl i f ’ ie ’ m mt ie une Ic y ss m ns e -s tahim mg lel me m’ as tine ’ heel f ’cernni s
e ’ m m n e r gm’ it i i c ’ ~-, ssm u t m ’ r  F~,m !hu roy ci , 1973). Tine - linear nmegari p~ule’s are fcirnied at v c ’ lom ’ i t im ’s ee l’
- I-I) tee (,.S m ’ e ’ m n l i m emn ’ t m - N 

~~ 
s e - e - c m mce l , dm’~ee m mc i inmg mm water c le ’ I eth m : time ’ e um sj ca te ’ mne’garipp le’s

eh c ’ s e ’ l m 1c at vc ’ imm e ’ ilic’s mit ’ (ci ) tee 80 c - m ’ mm ( imnnt ’ tc ’ rs 
~~‘n’ s e ’ t c e m c c l . de ’p e-n ne l inn g c m i  die’pthi (ll m um thmr c e y d

mmm i ci I hubbard, i 974). Ti me ’ munm - g m c ri ~e~ele’s cnn tine ’ cliam ume l—mnarg imn limit-ar bar re ’s c-n - s e ’ orie’mi tationi
eiu rinm g floeee l amid mu igrate’ m u m - i c c — s  Uie’ liar toss -an-el time ’ ebb c im an m mne ’ h. Trennehes pe rj ec ’m mdic u ml ar tee
mm ie’ga ri 1ep ie ’ e- re ’sts sln iew lei di rm ,c- tn umeal pha mma r—tamn ge ’ ntia l cross— iammi imnatiorn , eer “hm e~rrinngbm mnme ’’

A c ’ rmess iet’ddinmg, as a re ’s umi t mu f tint’ hi me e h ire ’m - t i e e m n s of tramn shmort. Trannsversc amid h orizontal

trm ’nn’hmc ’s s i u e e ss tr emm g ln ermuss—ham u ni m natic u m rc ’sdm lt inmg l’rcc n n rne’garippim - niigratiee n m.
Tine mainm e’hh ehaninie’h at \ c u r l im lnlm’t t r e n d s  tce t Ine ’ sect mt hneast at mmmi azimu (Ii of 1350 m un i mi

nmme ’as ure ’e l mm bce um I I • 150 mun etc ’ rs inn le’nngt in freem e n j mmhe ’ t  thmreiat to termimnal ieube’ inn Marc’Ii 1975.
‘I’ss e c nm mee r icln e i e egie-al e ’cem n Ie~ m 1e ’ mm is cu f time ’ el ma u m mie ’ h Ie e et t m cmmn mmrc ’ e’vielcni t : (a) -

~~ graelumal ul leis mure !
e iec ’ t’ronnn de ’ 1et hms me l 6 rnete’rs at tIne ti m ree m ut (this amid stnbs t ’d lunemm I ele’pt ins re’fe ’ re’micc ’d ( e m \ l I \\

to mmb men m t I mmn ete ’ r e ’mm d inng inn ann c ’ i e iu —ceri m ’ m m tm ’d sli p face ’ abotn t I rune(c’r in inc’ i gim (, io llecwe ’ml fe~
(li) mm relatively ic’s e’i mnrc’a wi tim sce m mic ’ large (I O0.nnnt’ ter wa s- ei e ’nm gt im ) learhike fe ’at m m re’s sin me ss ilig mm
shi ghm I risc’ tccwarei tIme te’rmimmal ic hee’. Dc’ie (lms at th u s margin vary l’rccnnn 1.1 tee 1.5 mcue’ (c ’rs .

Ix .yeemnel which is a ral eid i elrccp teu S cer 6 munc ~(e’rs ee l water. ‘Flee m ind o f time’ grmuelm ial um ~css mnrel
sim m i ce’ is Iccuate’d abcui t 700 mc’tc ’rs frcemmm (lie’ ( h nrce m mt at time’ in nm ie r c ’ mnel eef time ’ sp i i ice s e ’ r  Ic u lc e ’
tIm rciugln the e’ niemrt imern ciiamnue ’ i- mnnar giin lim nc’ mn r hear (Figs. 38 and 39). Time ’ Sd’ C ( i e e mi cci time ’ nm imni m m •

chic eh nannme ’l hey eenm e l lii is 1coin i t is shallower iee’e,anmse it is hm~ draumii eahi y ad j usted to mu ltmw u’ r

~ dni nine’ mef e’leh h o w , sonic’ of w h ich was diserteei in tee tIme ’ s1miilover elnanmnel . l)urimig iiigie m ’ r
e’nn’rg\ e’o nne l it ice m ns wit h is-as-n’s cci 100 to ISO r e ’ m m tim m n e tc ’ r s inn iue’i ghit , e.g.. 27 \imu rc ’ lm 1075

( i- ’igs. 38 anti 39), ii mi s c-s bre’mmk a ree mm ni t h (m c’ c ’ m m l, re ’ mnlarg im u ee l ( hue ’ rid e lielal de lta i mmeh m eh i t m g tIme ’
c’n (rani e r tee l ime ’ nmnaini e’I) Ie e ’ Iman nm ue ’ I.
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i’lui’ s e i en ( l i m ’ r d i  c ’ i tm m t c ni e ’ l - m m im mrgimm l i m me ’ m mr limit- limes s i mee w n i  varia ti (umn [e mu lhn inn c evc ’ r m u il slimier am id inn
e ’ Ie ’ imut j e en i  isi t im (m mmc. ‘l ime ’  I c i e r e n m u r y  1 e)73 ncm i r t lu ’a st sto rnun 1c n nshm e ’d t im e ’ luau’ to the ’ s ouiul msse- — (,
c c i d l i k ’ rmmt imi g mmm um ch m c c l ’ i( ( I’ u c,~. I 5) munich l m ’ mls imc g ma u ly a s l me mrt c inmunumm ei — 1eara ll e i sc ’gn ni c ’ mmt. -\ sss mc ,h

iemc r c ’ cc sm ’ rm ’ d is it hn s m mn~u1le’r sis m e s h l c ’ a tmnrm - s (rmui le ’ml ( mit Ide h um ’ smm ut hn e ’ast m u  \ lav l~)73 mc e ce l
r c - nee ~uimi e-c I t i urce u n g hu -~Ln gu- .t 1973. ily \la re-h I 97.1. tIme ’ r I imu me u m m ’ l . 1ca r ~ihic’ i sc ’~ n c u c n u t  o f’ tine ’ h~m m’ m mmc l
l i ’ nmgt l n e ’ nnm -e l sigc mil ’ie ’a n mtl ~ in (lie’ se ’ m css m ie e i  e h i re ’ m ’ t imi u n , Ic r iul ma uml Y im ie ~ ur 1ceer m u t i m ug tim e ’ sam uel tel ’ ( hue ’

s nni m e hlc ’r ~— ii mm—lu l’e -m ntc um e ’ s w- lmi e . ic ssc ’ re - lieu leunige r e-s ie l e ’ m m l.  Inn JunJ~ 1974 , omi ly a I’a imnt trmu cc ’ mcI ’ t ime ’

: s c ,mm tl m e ’zu s ( Lr~mi h i n m g t’e ’ at u m r e - ss- ii ic ’hu iim u uh I’cu rm m e e - d t ine ’  s ( e ’ nm m ee l t hnc ‘‘ar m eu whu e - m um i’~ se - c nn inn \ Imu y ld )7 :t

m’ c - muc a in um ’ ci (l’ig. - 1(e). Ity th is ti r m m t ’ . t ime lean ’ ss m es ss e’ hl e le ’ s e ’ l ee 1cc ’ cl  a im cne g t ine ’ e - In an u nme ’ l  mnnar g ir n m mm cl
is mis g reess inc g ti 1csi -zm r nl Ic~ is m ui c ’ sss mc s ln m m c c ’ m - e ’ t i te m n muhenng bot im margimus , rc’ su m I timm g 1m m t ime ’ Icc is

n-c-mu trm m l ~um ‘ - ,c mu (’ (len’ hear Ice’ tss-e’ rm m tine’ mu m-c-n - c’ t ie nm zeemue’s , ss- hnic iu a~upcars darke’r e mm n time ’ ph im el m i ,
Ic’ alsec mum l i i i— c cc sts(ci r e e i se’m lL ic’mi ce ’ that tine- liar is tendinig tee reatta c ’ ie itse’hl’ t cu tine beac h

m mm i i ’  ( i c c ’ ic u l m ’ t  t l urc i a t  as it ss mms in J u i mne ’ I d)72. Figure’ 46 melso sh ows time ’ m m 1ewar d g remwthn amid
m ci -re- mus e 1m m is im lth i m e t ’ (lie’ bar ss- Ic ie2 ii h a d  l mm k m ’ m i lula ’d~ b~ Ja n m u ua ry- 1975 and tine imm f i l l i n mg (ut tIne ’
muma r gimum el lie imul n’ im a m n n ie -I mmrc ’a.

Reel l’c c r nu ms mm m l tine ’ ~ c m it hme r mm chia m mui e ’ l— n imm rg i nn h inn c ’ mur hear , ssiu iulm is emi tire ’ lv be’vond time ’ in ul e ’ t
t lm rc ea t s i- c - t i c  md c .  m ime- i )n in mi m t r ilv h imum-am - mcmiii - i m sp mm ( e ’  nmr m’gari~)} d im -s. ‘t i m e ’  ( - mm s h i m n ic ’  l e ’ m c l m i t c ’s ( i -mim i ( ( C  ice’

1clamnc’ d c e ll ’ c l um ri c u g t i me - hate- Iees st ’ r is mu li r m lr jm( h u stmu g e ’s cd ti ne’ chic l Inu s. Lmmr gm - iim me’ar tee sli gh(l~
cuis~e m mt n ’ mm mc ’ga ri~c~)lm ’s (s~em mr inng 2 to -I- m ne - l c - r s )  arc fc )I mm n dl i nc tIme’ mna rg im na l l’immu el cl uan i mme -l

b~’t wre n the bar and \~ - rt Im Island. When 0b54’rs-ed a I how water , t h e - sc - he-c) forncs arc’ se- un mm~
e ’ le I e— nm n e ee h i l’ic’cI , d(unminamnt ly f lood—or iemn (c ’mi l’ea t c mr t - s .

Time ’ ieat lm\ mne’tric herofilt’ s (1)111—6, r\ 1—6 , ami d ~ 1—8) c rossi n g t Ime semulhm ’rn c ci mamu mum-h—mum ic g im i

i imm e ’a r liar Imave mleuc um ne’ muteel time grmuduiat sl mcea h im ig s l ime -c ’  Jum lv 197—1 . ‘l’iuis pn’ mcc ’ i ’ ss Is i i 0 d l c m i d i \

re’ lat m’e I 1c m Ieei i lmlullu 1ev somi thme r l~- is mu se ’ smis mus ic c emmi b imn e ’d w ithi hc c is -iii (e’ uis ity nce rth ue ’asl s t e c r u i m s
arf ivatimig l Ime ’ Ji ((e mrai tranisport re’s e- r s m il toward time- imm k ’ t . Tine’ e ’ c mtire ’ pr~ e’m ’ss Inas hid _ c-tm cenec ’  c c~

r m ’ e ’ ee s e ’ r y  1mm t Ime ’ 2 y e ars since’ tine’ sc ’vu ’ rm ’ Fehercuary 1973 s tm rm. C e cnnu 1 u mur ismm mi cci ’ 1)111—6 jun -utile’s

si ume s s s th at l Ime ’ h i gh est point enn tine , bar rnargimn is mes 60 cn n l im ime’tc ’ rs al em iv c ’ ‘ii i~\\ m i

Se’jete’mnime r I 974, while inn \-Iare-Ii 197-5. mm broad area re cse- seemn ic [ 20 ce’ mn ti m u nt- te ’rs mul uo s e’ \I U\
Thur c’leic ti d al d elta platf eermu sc cci tin cef tine’ innle’ ( is rimaract crize’cI Icy nm nu lt i 1 ci m ’

s lm ee rc ’w ar d— e ir ie’ nnte el s isasie feature ’s ss-it i~ slip facm’s 60 tee 100 ee ’ m uti nu me ’ t c ’ rs iii I mm ’ i ghu t 1 mm s cim u me-
ieme ’ at i e imn s ( h”ig. 13). -‘ ttae im me’nn I cef im ieh iv ic lm na i s’s ash luars teu tIme’ be-ac im hu m us inn time’ h em ns t

rc ’sn iht e ’c i 1 mm ele’velopnuien t of mu scm iuraticla i ridge and uni tirnate’ l~ It-el t t c ( hue ’ grecis’ (In eel ’ t ine ’ \ mint  hi
Is im c rmd rc ’e ’nerveel spil ( i”ig. 20). inn 197.5 run nniajor sisasli fe’ mu tum re ’ be’emmnne’ slim err—at (mmelm e ’d . mmmcl

— 
mns mc re’suilt the’rt’ was a lack cml ’ se’eli nnc’ nt mms-mu ila lcic’ feer trm mnis~m ee r (  Icy t ine ’ mm c c r lhuc ’ r iv . ch im ’ c ’ e ’ t e ’ m I
e’ mcm ’rg\ flux eeeni 1conirmut . ‘Fhn e’re’fe rt’, iermm e’Ii c’rme sionm tmeeumrre’el (Figs. 33 mmmcl -1-7).

\ee rt im ware l m n e i gratice nu euf ti m e’ 1 e o i nm t cci m nt l m n- ium m nc ’n c ( ee l tIn e sisaslc l’c ’a lnm r e- (lean’ -\ .  Fig. 17) ~

l’ec rn uni mu g l ime’ scc mmti me rnu mimar ginu cci lime- e ’le he (1cM elm ’l tm m eee’t’ncrrc ’cl hee’twe’e ’nn ,iuly 1 071 m nn m e l \iarch

I 975 -~s this e e m’cm j rrc ’ e i, t ine, large’ lmn mn dwa rel .1ceui ni te— d swmm si u bar (liar 11, l”ig• —1-7) sc1iarateel frenun 
- 

—

tin’ s ssm msi u l’e ’ m m ( m mr r aleeni g tim e ’ margin mm m cl m uu i grate ’e i lm mmme lw mu m - e i . C eem mn h d ari seem m of’ time ’ se ’ n ’ t ic ’mui ae’rial
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t’’ign ire ’ -1.5. Smnm t l ie ’ rnm e ’ l namucue ’ t—m ~m rg i mn hmmmc ’ m r  timer m u  Jeu nue ’ t ’)72 (u m h u h cc ’ r  l e l c c c t i  e )

,mnnc i \lay I d )7’ 1 (lowe r h u e d 1 ‘c) .
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Figure 46. Southern channe’l-margmni linear bar in July 1974 (uppeu 1enueuw,

and Jamnuary 1975 (lower phcet o ).
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f 4 ~~I 4 ) 1 %.f lI i I I ~) I alill \la r l lI I 97.— ( Ii ” .. .~8 UInI :~9) ~( l ( ) ~~
_ ( f i a t  li i i:— lIi (,~ l llI ( I i t  %% ~I 4 4 ( 4

(Iii IlEllI r 1 ~
) I ,iii I’ r~ or alt a% ( rag l 1j 7• t ) i l i4 ’trr .  f 4 1  t t ioti l l i . \ f O % ) l l I l l I I  4 , 1 f ur  h , i t t i t i .

t1~Ita 141a ( I4 ) r t l t  lli~ti~.! lti It at l i r l  at il~ ~W H t t  4 ) 1  ILIIIiliil t l t  1(1 11II l)l~ I4 II %% ~~ (il l liii ortlvr ~,I

II iiirt i r~. I II au a~ r rt ~. >1 ~thoii I 36.3 iin Ier~ j o r  iuit ~~i t l t .  IIi~ llI aj (IF ~Ii~
) (a l . (Ill liii

uiia r~iiiaI Italtirt ttii grate~I —onl 98 I l I 4 t r r ~ l I t  1114 iior t Ii~se~t (~ito rt~~ar d) or al~ ,it t 8.5 liI4 IID

IlI r r I l l I f i t f i .  ‘I’h. dri~ ing 1 . 1 1 1 1  behind lf i , —t l J la l I g t ~~ %s8~ largeI~ Ilir rr~idi;aI sl re%% .Il(I

I l 1 1 ) t t O I t  ~~~~I ; ) l . i l ) 4l %%IIh llthIIIl)g aII.I Iniakiit g ~i \ I ~~— .

V I . TIDAL I I Y I ) K AULIC S
I . (;~~~~ l I t i t ro duettoi t  ~uid Scope of Informatio n .

Iii. 4) I)j 4 ) Ii~r 4 , 1  t h is i hia~
. .~l iii. ~lii.l~ to e~ am iiie t h e  lulal Ii~ .liau fii~. of this

I onI~)Ir\ . ui ~j l t i r af L i t fa l  1111( 1 Uli q l ( r a ~arit l~ 4 ) 1 ( oll ( l iI i4 )ti~’ 14 ) i I I%e5 t i ~ 8te s (\4ral iutle t

li~ t iratuli. l I i a ra ct l r i s t i l ~~. (Ai r r l Iit % l I 1 ) 4 1t\ anti tIi r e. t ioii  r uu , a ~urt uuir , i t ~ were obtained at

I —iu 1t i iuit . r~al~ 1) 1 (IrpIli o%e r ) ( ) u t l p let ( ti dal r~ e l I .  1)4 ) 111 at r ( ( t 1 1 i u I a i ~s aui ( ( s t a l i i i t t ~
(F i ~ . 48). and re f te t i t i%eI% at 4 StaI) lIslI4 (I ( r ( ’~— ~.I tiolI ~ (Fig. 49). I)l gilttliIig ill JIiI\ I9~ 4.

~aIitui f~ anti I em 1er a tu r e  Ineasllrenurnls ~~~~ uistialh niatle. I~ t t I t ~ ,uietrn siu rve~ to

.b t r rntuit f I,,~s IrIr —~( .t I ( t I ta l  area were itua de il l t t ~r uj iu in t ion with ~~Io. i t~ tnea~i i r e tu i e i i t s  at
Iii. lO%% n ( r t k  ,ttid jo in s Creek ~eI.,.its set tiotis .

14 )  I-xahutirIe t h e  var iati i )n iii tu.IziI h eigh t  aii.I e~tublishu siurlare — lo 1n~ a. rt s t h e i nl et,

three tit le gages were iuistahl e( I (Fig. 7) at \ortli 1111( 1. T he oecaui gagt’ is a l~ristol
bu bbi er— t~ ~ie ss i t f i  an orifice tstallrd j tt ~~ ~t a % i  ai-iJ ul \orlli JsJan.J. T he rre, k gages are

l eo1ndd atitl ~te% . Ius float h pes wit h a st illing well (Fi g. 7) which ( ouusIs t I tI of a I 2—itic l i

a l iu m i i i u n i  culver t  held by kngtlis . t f  iron pipe j .’tted at least I() feet 11114 ) lii. creek bottom .

Tidal h eight difler eut tia ls %sere obtained 11% suu r~e\ ing (1w gages 14) a common re fe rence
le~eI. that of Iii.’ L ~(~~GS triangulation slat ioui. I \ LET, hwaled itear t h e  mouth o f Towut
Creek. I sing (lii relereun e Ie~eI and periodi. (InIe ehuerks entered itito (lie record.

lhit11 ( I1~I() I l l4 -~— ~ahiit~ oh ~% a t ( r ~t irfa .i slope 1118% I)e calculated between ( aeh creel~ gage and
t h e  4,, eaIi lr~il. (;omlniue d with lurrl mit veloci t~ (Ella (lie \la iiuuiiig relationsh ip 

~‘~Y 
tlwui l)(

used to obta itu a fr iction factor  n. .\uial~ sis using l~vtuIe gaui s (1967) equations requires a

t r i * t io iu  laetor wh ich is derived from \ lanti ing’s ii. De tails of these pr(It e(lIIres ~v i t h i  S
~ 

ci i mc
restI l Is are f ) r ( seIi ted below. In addition, current veloc it~ data comhinetl wit h gage waler

Ie~el l I e%a t i . I , u - . and bat Iu~ metric pro hles h ave been 1151 (1 to ( OIIll)1uI( the tidal prism and
t~~ahui a1e tin relationship lx i  weeui tidal prism and throat e ross — s ( I tioiIal area.

I)i:Iu ( ollerlio ii I’roet ’du re f o r  Curr en ts and Sa l in i ty .  1)uring t h e  f i rst  ‘ ear (Juuie 1972 to
h u m .  1 973) tid al current measurenwnts were comp leted over 14 fu ll 11(181 e\ cbs  at 11

~t a t io i ts  wit h in the inlet area (Fi g. 48). Time veloc ity as~ mrnetrv au .! curr ent ve loc i t y

~~~ rut met r~ ( Boothir (,v d and I lubbard. I’)74: I ith l~~. et al., (973) were ohserve( 1. T~ pical

~t lot i lv (I flu e historie s at t h e  2—meter dep Iii for these stations are in A ppend ix C: a

,1i .(ussil ) Ii of thi rst ma~ be fou nd in h1tik~ (197:1, 1975). \ eu-heal variation ill tidal curr ent

velori tirs is lo~ (Fig. 49) wi th t h e  except ion of near—bottom 811(1 ulea r—si ur l ace boundary

1 1 1 1 4 15. ~i li ) l (II~ %% a te rs at ~\o rtIi in let getiera llv shi o~ t i e sa l i n it y st ratif iezutioi , .
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Fi gure 48. Loca tion of 1972-73 hydrograp hy stations.
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hi t u riuug (l it I1ii a m t ( r l\ 2—~~t , L  f ie ld — t I I I h i I ~~ lug inuiuiu ig iii ~til~ 1971 . tu r t t u i t  ~f l1u it \  au ud
,li rt t tita i. ~ahuu,i t~ — a iut l  t t iuif u ra t t ur l -  da l i  %s l rt , ohlt , li ,1 at t h t t l i  — t a t i * t m u s  iii lb, . h u a u u I l l l

I. a. hiuig (, l’,~ s ru ~iuud Ilibilhul ( i- t e L —  ~t mui l  a t t~~~o ~t a t io i i~ iii lout ~~ Creek ( f i g .  50)
\lt a’.tirl uiu l i i t ~ %sI r t  t u i i,lt I.%l r l i m It t idal c~ t I t —  for ~ uuiug. mu iea iu , anti til a hl t itlt~— lii ~itll lilioui.
se%e ra l ~t t ~ of thm t a ~tr t  uhtaluil d at  I~~o —ttt i oi i~ iii th ur itil. t th roat. l)ur iuug \ l ar ,hu l’)75 _

~iiuxilua r~ %t l I I e i l% u t i ,a ~iur. n u i u u t ~ ~ t r t  t a keui iii \ t % l1a~ — ulill 111111 ’ ( F I l L —  ( f i g. 50)
l - I) t i c t l r r . I u t l %  ~ ithi da ta Il,hlI i t iut i  at t f ~ u mi aiu i  ~il. ci t~ — l I ( i ) , l i ~ . \u i  l f idI eo N f tc I 10

tur r e  ru t  uui l t , r s~itIi ~i l.Il it \  — i l ir I ,t i l Iu i .  t . i u I i I I r t t im r . . ami.l ih p t hi rea douik ‘ sa— uit i li z rt h at t h u .

mdiii — t a t i o u t  a lo ng %% j t h  a l1. ekuuuauu i m u , i u u t l i I I m I  ah iu iouu i l t. r f o r  sa l i u i i t ~ ii it ~ u t i r I f m i ) l i t ~

2. liv dr auln Classi f ieati o:u oh Iii , \ 4 ) 1 1! Inlet ~~ stein.
\o r tf i  lmu h . t lu st rl sI uuuI ) h .~ (YR r il tu — ( 197 1 ) .at . gor~ I. a sh un . liI~~— I riI t iouI inlet

,hiuu une l .o uutu , e I I ,I to a l~igIIuul .  iii. l iguoui u~ largeE filled w i t h  i tu ar —h i .  ha~ inig o:ih~ a ~ II I))

of tidal t r I l L  \ ort h i  Inlet i~ h I l t  ~t t i l t .  es t t i a r~ according to I’ri t ehta rd s (1967) t lef iui i t i on ,

~s hl i chi r t I f uu ir l — niit a —u ur ahI h l  uh i l ut i o n i  ~ i t h i  f i , h i~ ater derived from la ui ul .lraiuiugi . \\ it h u (Ii,

I \ t ( l ) t i o l i  of uunii suahl ~ h i gh r iuuut ~f I i u u t I )  \\ in~ alt 11th . or strtuu g south to s ut ut h iwe s t  % s i uud s

iI r iu l ’uIl ~ l)th ~sat , r~ t h rough liii ti dal l O l L 5 .  \ort lu Inlet w at l r~ art l u httlihm it I d N tr)~ h%~at ) r.

~i rutl art ~.rt it aIl~ al i t1  IioriioiitahI~ hu o niogt ui. oii~ ~s ilhi respect to salinit\ — ‘I’m - hi~ dratilit

i ( I h l I l l t t i l ) l l  to a — ( l ° ) ) u l ( l  ba~ — s tithi a— \\ i,u~ au h1a~ , i a eomp ii( a t i t ) n u  um ut 1Iri s e mit  iii uiuus t .11

til l inlet 111 111 s t mu hi. s Ilomu l to date .
3. Tidal Prisni %ersus Cros s-Secthnial Area Rt~la lionshii ps.

‘l’hit rt hat i omisl ii 1t . (ii seussetf l~ 
( )] l r i t u i  ( 1931. 1969) ~uu ggts t that t 1. eqtui libritum

lo uuligurat ionu (If an inlet (Ichu r u ths o t t  ( h i  balance lu tss eeu m t i l l  tidah fl ow tending to enlarge

lime i,ilt t t h roat rros~ srct ioi i  atu l lii. .lip~~I\ I I I  s e , Iime u it brough t  to 1114 imi l,t N \% a \ ) s  and

((urr . uit ~ tetu.I iuu g to r. duee t l uo er ) — —e I t I I I I I .  This (, ntlemil \ towar.I elj uii ibr imlnu suggestt tl

th at a spluilul rehatio n is hu ij i una~ t~~~ - Ii l~~.-eni t uitrat ice area ari d tidal pri s m .  ~s l t i ( l i  for

() hI r i t n~ ( 1931) original l’ac ifit o t , a t ~a

= 4.6’) x I o-
~ 

p0
~
8
~ - 

(4)

lit re . \ ni i r u iu imu iu n  f l o~s t russ sectio n (If l ime inlet (throat section) m easured 10 1(1w \lSl .

itt — qu art It t-I , and P tidal prism eorr. s1)oullliuig to (lit dimurnal or spring range of tide, cubic

I t t - I .  ( )]lrit ti (1969) intrudiuced anoth er rl lat iohlshui l) which scenic,I to be more

r.- pr.-~.n i t a l i~t - of uiat( lr id inlets with no j ett ies:

= 2.0 X I0~~ P - (5)

h t , fu l IM ) u i  ( 1 t 1 7:1). lu t i l i ~ i uig mt-an iulstea (h of spring tidal prisms. found as am ) a%eragt for si\

N humI j e t t i l Il p ui h i t — out (lie Palitic t oast:

= 1.82 X h o -s f ) , (6)
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j arrctt (I 0)76) huas inve st i gat i .h imi h et s ott all t hin - i -  t-., a~t — ~ the I mu ted Sta l.~ aumd iu,,t t-o I

l).)
~~ui1 l.- ,hiiferemuces in prisuum —ar ea relationships (Iii,- to sa rsi uig tidal range and ~~~ climate

tin -~t1auitic , Paci fic . and gulf shioreh iuu.-s. hhi ~ auial~ sis iuicluded 108 imih’(s , 39 of wht ic l u are

locate d oim the Atlant ic .. .a- l  - I(o’sults inm,Iicateoh thuat natural or simug le—j et ie.l iuuh , t~ out (lie
Atlanti c coast have Iargt-r o r u~ s sections for a gi~ .u u tidal prismim t h a n  on t lit - Pa ,- if iI- eo iast -

At ~\urt Im Inlet, 17 tota l discharge versus time (- u l r% .-s ~ er, cogistruc te d (A pp I)), and (lie
r.- iu hti nmg ebb atmd flood tiolal prisms ceumpu t.-d (Table I 4). TIme nit-an tio lal prism , or vo lunue
t-xc huatig.’.l on an average (-1)1) or 110)041 half-tidal o s  .- h . , based oii all dischiarg.- calculations , is
14.96:3 X 106 cubic meters , tir 5.283 X 108 o-iihw feet , w h ich is tiear t h e  lower emi t] of t h e
ran ge of data develope.I liv Jam ru (1976). Spring and mean tiolal ~n~stt is versus
o~r.)~ -~o tionial art-as for ( Ito- quarterly data anio l for (ii. - throat section iuv drograp htv of A pril
h t)75 hi~~e Is o- ui plotfrd on a s,-ction of Jarro - t ( ’s diagram (Fig. 51). Although wi t huin t h e
95—11t re..nt co)nfideuie ,- limits of jarr (-tt s data , (Ii. Nort h Inlet springtide olata to-ti ,] to , plot
ab. ve (hut- u o - gro ~~ on Ii in- .

a. -Seasonal i ar ialwn in -I ~ . TIme st-o- [ion on ro-e ,-nt inlet m orph ology d.-tai ho oJ (lie
percentage chamugt-s in t hi t- in let cross-sectional art-a (Fig. 28). Simuce thur April 1975 value u~
(lulls sonic 3 ±2 P~~ ’11 ( 11-55 t Itan (he July 1971 value, it appears t lmat the inlet art-a i~
tending to) return to an equilibrium summer configurat ion afto-r wimi8-r deposition. This niias
1w an inolucation o,t a sI asollal t~~c lo wit lu about a I0-po- rco-n( decrease ol mmring fall aim.I ~s i nm hr
periods when storms result iii increaseol littoral olrif ( supphs to the inlet , and ( hit - tm aum
oppoSite tren d in the Iato- spring and summer. Superirnposo-d ott lii is tre nd aro- tl~. longe r
ternm changes which have been noted, such as erosion of Eli,- flood tidal d- lta ’s ebb spit at
(lie throat section and overall widening of (hue inlet.

b. J) iffe re nces in Ebb n ’ersu s Flood Tidal Prisms. \‘ariat io n iii ebb arid flood tiolal I)risnri s
(Table 14) measured during any complete 12 .42- hmo .rm r tidal -

~ do- results from : (a) Tue
(hurnal inequality between successive h i gh and low ~s ato rs . (b) meteorological effects of
onshore or offsh ore winds, and (c) hydraulic effects tine to thu. ruutwet ion of N ( I r t i l  Inlet
waters to Winyah Bay . Of the total 16 complete 0 %  o h . s monitored. 7 luad hargo-r ebb Prisms,
7 had larger flood prisms, and 2 had  ebb versus flood prisms vary ing by 1.1 X 106 cubic
meters (6 percent) or less. An attem pt at assessing these factors is made in Table 15. 1mm
s ,-ve ra l cases, tIme diurnal ineqiuality. expressed as a percentage of the maximum range for t Ime
tiolal cs t I,- , is of the samt- magnituole as the percentage difference between ebb and flood
tidal Prisms. m u  3 (20 Juh~ 1974. 24 August 1974, 21 September 1974, 27 October 1974 .
and 4 January 1975) 0)1 (lit- 17 o ases , (lie direction of tIne diurnal inequality would indicate a 

—
pri s m o x et -ss  opposite to (h at actually measture d, but in 3 of these cases eith er Wim iyah Bay
runoff reaching Nort h Inho-t or a stea .lv onsh ore wind would be acting in the S8fl 1C directi on

as (lit’ measu red prism (lifference. Ilowever , (lie fourt h case in th is group (27 October 1974)
is ono- in wh ich tin- tiolal prisms are esso-ntia llv in balance ; thiereforo- . it seems that at least
qualitatively the diurnal ino-o 1uali(v . w ind and hay runoff account for (lit- observed ebb and
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Table 14. North Inlet ebb and flood tidal disch arge.

Prism

Date Tide Flood Ebb Mean Meaum

(millions of m3 ) ( 108 ft 3 )

1974
20 July spring 20.976 15,876 18.426 6.506

26 J ul s nm-an 18.036 13.050 15.543 5.488

I Aug. neap 18.864 13.680 16.272 5.746

24 ~lliZ . nio -an 15.624 16.452 16.038 5.663

IS Sept. spring 25.524 20.052 22.788 8.046

21 Sept. mean 15.480 18.162 16.821 5.939

27 Sept. neap 16.6 14 13.860 15.232 5.378

27 Oct. mean 17.010 l8.l l7~ 16.557 5.846
1975
4 Jan. mean 14.796 11.196 12.996 4.589

7 Jan h eap 10.044 11.304 10.674 3.769

12 Jam u . spring 13.716 20.232 16.974 5.994

22 Feb. mean 13.068 16.452 14.760 5.211

19 Mar. neap 7.819 12.737 10.278 3.629

21 Mar.2 mean 7.433 11.954 9.694 3.423

22 Mar. mean 10.604 12.765 11.685 4.126

24 Mar. spring 10.855 19.369 15.112 5.336

26 Apr. 2 spring 16.668 12.387 14.528 5.130

Estimate based on two-thirds of ebb cycle measured.
on two throat section stations.
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‘labk- 15. Fa,-tor ~ ihiflueuio-iug tidal pnsuu. iI ie(u aIit~ -

Daih Prismu& I)iuru&al 
- -

t )a t e Predicte d mean range i Flood Ebb uloJualit) 2 ~ uid 
Winyab Bay

tide (emil ) (mj llioiis ol m u )  + = flood + h i gh e r  + = onshore
— = ebb — = lower — offshore

1974
2(1 hut ’, .~~rlII r (84 211.1)76 lS.876 -2L3 (I.) 1.. (I~ OIl

2t~ .IUl~ 71(1 471 i 16 18(13(1 13.051) - 2 ( 1  (I.) ‘8.1

I \ t ~~~ . up 146 18.86-I 13.680 - 27. 5 (II) .!ft3 (I

21 \ l . n i l-all 122 1-5 62-1 ((1 . 152 . 5 ()  l-~ ( 4 1 )  — --- ~~1,

1.1 ‘131t .~~~~ lIrnig (88 25 .52 - I 20.052 - 2 1. 1  (I I 37  +7 no

21 .~pt . UiI~al7 125 I 5.-lOt) 18162 - - 17 .3 (L) + 19(1 (I I~~ (minor)

2 ~ t 3 I t .  11 1 4 ) 1  I (7 l(Iill-1 13.116(1 16.(i (h i) + 14.0 -8

27 ( J~- t . Iliran (33 ( I )  17.010 18. 117 —6 .1 ( Ii) ~2.6 110

‘975
4 Jan i 1111 411 151 (.J ) I 1 %  I (3% -2-1.3 (I.) - 12.4 0 no

7Ja ii. i t -up 130 (( 1.044 11.30-I — 1 1 . 1  (L) —--1 50 0 t i ll

l2Jai i ~pring (55 (3.716 20.232 32.2 (1.) —2.2 0 m m
22 Fel,. nit an 141 I 3J168 1(1 -152 2(1.6 (L) - 2 1 .6

I’) \lar. nIl-a1, 132 781 9 (2 .737 —37 .3 (L) —51.2 — 12

21 \Iar 6 meat i l I - i  7 -133 I I  .~)5-l 37.8 (L) —1 ~9 0

22 \ lar. ni’ ain 39 I0604 12.765 — _  16.8 (L) —- 24. 5 - - I 4

21 \ lar. ~~ririg 17 1 (0855 19369 - 14.2 (( 1) - 79 — (.5

26 ‘tpr. 6 
~(Ir i,I ’ 185 (J) 16f.68 12387 -~25.7 (II) 18. 7

~ka~ rv ,i al 1 owil rIl k gage I-ad-pt  WIll-n gago- out 111111 at J oiios Cr1 1 k (.1 ) .
)III I r I nlol  III l- lI Va iioll ~ (W I t II h&gh (II) lIt (ow ( l_ ) tido- 2V2 hoUnd after $la rm mg po ill u .

1’ I~l~~ l If a~ a p~ rei i~ tagi of higher ranlgl .
3Vs 11,01 at a -.trad~ vI l ( l t i t v  of knots or mor l- for 3 I ou rs or more it ,d ica to -s no readings.

of V~jt1~ all Ra~ braeki~II water as IndicatI-d by lowere d sa litli t ies at \urlt, (nilet: 
in id lo at es no readinigs .

~ \ lIu I ‘ ( I l l , .

1171 7 WIl lhroal S IC  lj~,j i s tation s .

105 

—~~~~ — ~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~- , ~-.- 

Ill 101 tn ,1~ul 1)t i~ tuI t h lf ’ -nt ii -
‘~~~. i l i m —  i iul t-r , - nlt - - i— fun th i ,— r  —t i lo ,tan it ia tt—o i hi~ (lit- (a o l that tin-

l~ rgI .t u uu ih , i lau i tm s l l t - I li r mm i t In - I-Ill) * l i r , t t i m i u m  u I  \ la r , - h m (o ) 75 _ ~shienm ~ilh t i lnI-  I at t t , i— %v -rt-

t~ itt Imuig I I)  rI -m mulom r t t- m at h o t h i t - r  iii (Ii,- t-hb l h u r I t t u l l u m .  l i me ll l’ ,%I r , tl ~al iui i t ir- . iu i t l ioa ( i mi g

\\ imi ~ ali h1~m~ run i l t  %% t - re  h t m l -  to ~.iibs(au itiaI r~l i I i —  alo nig ( III t oas t that o,o t - m ir r t - d i-ark iluring

t i l l -  2-~s t - l - k  1uia rtt - r l~ s( iiok - au io i  tl~t- w iuii1~ w I r t -  Irotni t In- sijut li aum d sll l l t h iw est .

Flit tht ;t i t i u i anu t  I IJII ohu?.h -hla rgi - of J on m -. Cro- i-k at Nm,blt- Slt,iig l i (j(:N—3 iii h-’ig. .10) ) ou m 19

\ Ian-hi 1975 (A pp. I) . Fig. 1 ) —h 3). ~ — f urtlii- r ~ ioii-ni t n of (lit- im tm h io , rta ul ( - t- tj l ( lit - t - om i m m t , t i , , n m to

uu~ au Ba~ — l)urmmig I 1.3 hlt Il irs of tno -ast ur t - n it -ni t . fl ,lt )oh fI t ,~s from Nort h Inlet Il l- t o rr i d for a

pi-r ioo l Il l  tflil\ abou t 3 hltl, lr~ _ amid ( l it- rt-haIi~t- vt i liimn ,-s w ,- r ( - about 576 ,000 cubit- nit (ers

1111001 t hisi ii~ii~t an i d I .908.0(8) t-ubu’ ntit- t o-r s ebb diso:liarge .

t . I) im is iou  of 1) i.s ’ Izurge flei u-ec u J on es  nod To u-u Cr e, h s .  ‘[In- to tal tida l prisuii at North

l n i ht-( I 4~ bt-o-ni co n m 1n mte tf from tIme sutum of thie flow th rough t ime Jo ,mmes Cm-co-k and Towrm Creek —
r no-as imrt - u iir m it —l l - t i t l n i ~ t X t _ e1i ( him- (ho- 2 1 \ larclm ami t l 26 .-~pril 1973 data , w h i ch were

i om pm mt o o l f ron u inilt -( thi rmlal num ,-asmi ro -menu (s. ‘i ’ hmo- onml~ flow w h ich miot uneasured at theso-

t~s t i  ~,t t i , iuts is ( l ma t ~s hu i - h i flo ws intoi ~Ix h Ilass Creo-k bt-hiind (lie flood tidal dt l(a , a route

~ 1m ichi ma~ Iii- (a kt-i i ,huriu mg a~ipruxima(e lv ouie-hm a l f (lit- tidal ~ ( It - from iniolfhoool thmro tug h

h i gh ‘ ,%att- r to nii,.iebb amid prtibabl y act .-ouni(s lou- less than 5 1wrccuit of t hio - tiolal prism.
lui( otn l) ll -to tneas ti ret n,-mmts in Six(~ h1~ms s Creek (\ pp. I). Fig. I) — 18) s hm t iw t h at o-aste r lv ebb

flow oo eurs fur 2.3 to 3 hours durimig a m o-a u tidal o- ~ c he ho fore (lirection re~o-rsa h t h t l t i  rs and
(In- i-1 b ~ att - rs flow ~ ( s t  int l  I Town Crt-ek.

Thm , ‘,t ,liim,-s oif water f lowing ouilv thirtnighi (lit- Town Creek c hia nuio- h (Tablo- 16) indicate

that on (lit- average 73A 1)o-rcen ( of (lie flood prism anol 74.0 percent of the ebb prism

discimarge through (lie Town Cr -ek measurement section. When W invahu Bay brack ish waters

are dt- to -cte d. sah inities t i-tid to bt- lower iii Jones Creek th an in Towut Creek. Excluding time

mcompleto- data of 27 October 1974, 9 of (ii,- 14 tidal prisms (Tabhe 16) show 2 to 9
p0-ro t- m i t grt-a(o- r t-hb flow tItan floodhlo~s (‘ ‘rough Jones Creek. T imero - fore , Winv ah Bay

waters may ho- regularly contributing to (hit- ebb tidal prism measllte(1 at North Inlet.
Ebb t - t i r rm-m i t s  from Town and Jones Creeks formed the trailing ebb sp it of the flood tidal

delta whm ieh ac to -d as a barrier between the two lones of flow . This was often indicated by a

foam hint - at ( hut- wat o-r mas s boundary which trailed seaward front t hm o - spit dimrimig ebbtide.
To mlo -tt-r mim it (ho- current patterns out o-ither side of tim e foam tine , a dye streak was rapidly

shi rt-aol a’ ross the inlet throat about one-h alf h our before a typ ical low water. Figure 52
s l mh , %% s Jones Cro-o-k ~s as still ebbing, causing the dye to bow seawar d, wimile Town Creek was
essent ially slack.
4. Influence of Morphology out Flow Patterum.

Typ ical tidal current velocity oiurves (Fig. 53) for stations TCN-J amid TCN-2 (Fig. 49) at
the Town Crt-e k velocity section show that over the sh allow stmbtida l flat at TCN-2 flood
curro -nts art- dominant. This ve locity asymmetry occurs beeatiso tim e s(atiomi area is shieldeot
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‘I’ablt’ lb. ‘I’own ( reek tidal hu - ’~”~

Prism Total Prism
I)ate Tide (106 mum 3 ) (pet)

Flood Ebb Flood Ebb

1974
20 J uk s} Ir inmg I 6.983 1L412 80.9 7! .9

26 J uly mnmean i 12.996 hO. (88 72. I 78. I

I Aug. nit-a 1, 12.924 8.550 68.5 62.5

24 Aug. unit-an 12.366 12.708 79.2 773

I S  ~ tp(. s~irinm g 1 8.864 !3266 73.9 66.2

21 ~ eIl t .  mean 10.692 (3.608 69.1 7-L9

27 ~
l lb(. ill-al) 12.330 9.552 74.2 68.7

27 Oct. tnt-api l L338 16.983 1 67.8 93 7m

1975
4 Jan. utu-ami 1 0.962 1L784 74.1 78.5

7 Jail. nno-aui 6.228 6.804 620 60.2

12 Jan. spring 9.000 15.048 65 .6 74.4
- 22 Feb. nit-ant 10.512 12.888 80.4 78.3

19 Mar. tieap 5.771 8.413 79.0 72.1

22 Mar. mo-ant 7.666 8.943 78.0 75.7

24 Mar. spring 9.017 16.270 76.6 77.7
l Estimate based on tw o-thir ds of ebb cycle measured

lu - t Im ‘l’o mwnu Creek ebb flow wh ich olut -s not turn southit-ast and seaward mu nti l it is blocked by
I)t-hi due Islan d j ust miort im of stat ion TCN-1. At TCN—l ebb dominance is typically h)reso- ml t
f i r  t h i s  r -ason, and (hue tendency is for ebb cll rret i(s to be strong -r in the deeper ehauittel
ol u i t - to the confining effect of h it - c li at i tit .’l walls as tin- water level drops. Station TCN -3 also

s flood olominance and is usually (he first to show floodflow as the tide turns, while a
sligh t  o-bb current may still bi- pr -so’nt at TCN-t.

lii JOtil s Crt t- k at Uu- flow sectioti o ccup ied before March 1975, station jCN- l (Fig. 50)
is shiieldt-d from floodflow by tIme t iortlieast tip of t he North Island r -o - tt rvo ’ . This locality

~mJ ~- m m  slioiws slightly hos% t - r ebb velocities , as the ebb current follows tht- outer bamik of (lie
cni rvo-d t- hia nit to-l near s ahoni JCN-2. Ebb curr ents ar e geuierally 10 to 20 cenitimeters I)( r
51-1 011th grt.~ater at this statioti. A no-ar-vt-rtica l upper chianiniel wall (le’,elo1,e(1 w e s t  of jC N-2 as
o l i rr l - m m I~ cut it itt i Sparti nu ul terni f torn }u-at .
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1 ih!l i r(- 12. ‘s .iri.nlioti im p i h uim f low 1)1 1 t~t -n-n Jono-~ Crt- t -k (uppo-r p hi ol t o) .m nin l Tmn ~% ni
Creek (lower phmolo ). t 1110 1 j i hmt, t o ~ its I.ikeii 4 nm intml t-s before l (b~ser
photo.
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I
5. Water Level l)iffereuut-es an(l Tidal Fho~s Velocities.

a. h’un~’e of Tidal Elep a l i on .  J ones ( ;
~- - - L anti Town i Crt-rk tio b- gago- u - I l l  irtis Iron, .3l

(h-tol tier to , ~5l I )o-o t-mi ibe r 1974 ~ i- rt- ati~ihv~ed to investi gate additional I,a rammi (-t. - 1s . Th is

~~~~ 
ul ~s as so- let-t i-il 1s-o-~umse ii rip mis iromu ( )r I o,bi-r Ii ighm si riumgt ioh s to I )eei- rmu m r  I mig ht

s~mrini gt iob- s. aui.I (hi. rt-. ords wi-re tun iii mtt- rr upt i-d . -‘ pairo-d t—t o st (Dixon unit] \lasse~ - 1 1)60))

~ as rout usimig I (0) 
~ a imurs of tidal rang.- f rom i-at-h lot-alum with ri- -su its imidio:atimig that. at thmo-

o . ro-o-n m t t o  )n i li demo-c Ii - vi  1. t ut -  t i thai ra nigo a I Tow nn ( :rt-t - L avt - ragt -s 4 2  t o - mit m u  i-to- rs gro -a t t r.
Romt hu Toi~s ~ :u-o- - L amid J 01105 Cro-t- k tidal ra mugo-s have alreat1~ been shown to ho- smaller tt i am m

t h e  oreani ranugt - hpaso t i h ) i i  \ovt imils r 10)71 olala.
‘(‘hit’ tower ranges at (ho- two into rio m u - gago-s may m ost IiLeI~ ho- at tr ilnmto d to o- no- rgv It ts ~

t ine to fr it-tiou nal r -s is ta muo-i - o,l tin- t -I iatuu it -l . Ko-t ili-ga ni (1967) o xprt sso-d th is ty pe t,f loss as a
(mo-ao l Ill s- ~t it -o -t -s s a r % to ovt- rcom o- t h m o res istanic - of (lie connecting clmaninel’’ wit h ( h mo
formu la:

I % 2
A112 = A ,  (7)

r —
~~

w ho-re Al 12 is ito --au loss ohio- to ) frictiot i, X is a friction coo-f uj c iett ( , L is t ime ho-ng (hu of thur

connectinmg channel , r is liv draulie radius. an(J V is mean curr -nt vt-luci t~ . Th is eXh)reSs iOml
rt-presenmts a static- balanct- between w ato - r level differential across the inlet auid inlet ch ia minm e l
friction. Enitranco- amid exit losses are not considered tior art - inertial o-ff t-c ts. Factors ho adinig
to time higher tidal ran ge at t Ime Town Creek gag - than at J omit-s Creek may he: (a) More

- 
dirt-ct alinemen( with the main inlet chanunei , atit i (b) relatively less frictio n loss in time wider
t- Imanno-1 betweo-ui thio’ gage and (hit- inlet throat.

1~. U’ato ’r Surf at-c Slopes and Tidal Veloo- iti es. Keulegan’s (1967) anaI~ sis sh im ,~ss (hat t hio
elevation difference between ocean and basin can ho- rriatet l to i tin’ mean vt’lociL~- h~

2gr
V2 (H 2 — ~ u ) ‘ (8)

XL + mr

wIn-ri- 112 is (lie ocean surface elt-vationi abovo- a reference plane and hl~ is (he bay siurfaro-
elevation above a reference plane. The. difference ,

H 2 — h1~ = All 1 + All2 
(9)

has two componments , All and All2 , t ime latter having bet-u introduced as (ho- fall
necessary to overcome channiel resistance. The first , All 1 , is thm fall necessary to accelerate
the water from t he sea to the velocity, V, at the en trance ch annel.
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\I al fui mit ( it ai o f tI~.- Ii di- gages alit wed cab-u ha ti t ni of water levi -I iii ff o rt - nices onl y for
lin osu- ola(o-s shiowim m i  Figimres 54 to 57. Analysis was .oumco-ntra(rd oIl (h o- Towni Creek versus
oo -i- ani gagt . si m i t - t -  70 hmt-r o enit or mmioro- of (lie flow (Table 16) tm uov t-s (hurough (lie ‘l’own Cr - -k
vo l. oj t ~ s o o t  it lii. I lo)wever , t wo~ aumal yses of J omit -s Creo-k flow were mado- for eornparisomi
i ) mur i ) 0m ~~

-s . TI iu - vo- hut-i ti t-s sliowni (Figs. 54 to 57) are nut-ant vo loci ties obtained by averag ing all
imiu hi~ it lual readings iii tIme flow st-c ion atid plott inmg at aim avo- ra go time of measu rement. Also
s iutio ~ mu art - ahumes oil Manning ’s mu . a co -f ficient of friction consult-red in the folio wing
su -. t it m m .

‘hi it- st -I . mu - i ts  u-un t-s , in sou m,o- .-asu-s (12 J at iuar~ 10)75 , 22 March 1975 at l’o wii Cre -k ,
24 \ lar .-hi 10)73), sh ow oi t f ho - etio ums wh it-l u corr.-spon.i to smut -all variations in t h e  water It-vt- h
o h i f f e rt - nm ( ial. Th is would st- i-m n logical in v io-~ of t ime ro- Iat io iti shmi Ims j ust olo-scri bo-d. I lo,wo-ver , amm

instaum o-.- (12 Jamiuarv 1973 at Joimes Creek) of unex pet-to-d variation mi  water ho-vel differo itees
was o~bst- rveoI aniol nia~- h ay.- ho-rut olue to ) a llultmrmal w ato-r ho-vt-h flu ctuation around (lie oceami
gag.- orif ico- . Thio- ori fice is sennienclosed ii~ time chiaiunel-nuarginu linear bar amid (lit- swash bars

of (lit- o-bb tiolal dt-lta platform: thiero-for -, wind stress amid wave approach may alfrr 11w rate

of riso- amid fal l of (lie oceami tioh- _ Such atm effo-ct may also occur in tIme ro-aeii of (hmo tiolal
o - r t - o - k s w h mero - hio - gages art - located , k-ading to irregularities in the water hew-I differt-mitials.
6. Mannin g’s ut Friction Coefficient.

~ formula in(roduco-ol by Manninig (Chow , 1959) is the most widely us -d of all ummiform
flow formulas for steady open ch annel flow computations. The formula, iut mo’tric units,
takes (lit- fo,rm:

V = ~_ R 2~’3 S1,2 
, (10)

w h ere V is the meant velocity (meters ler second), R is the hydraulic radius (meters), S is
tin- slope of the o-n irrg~- line, an d m m is Manning’s friction coefficient. Using t ito- data graphed
in Figures 54 to 57, and assuming that the water surface slope approximates th e energy
slo pe, Mannin g’s n values have been calculated for the time of each mean velocity readimig
ami d art- plotted on the same figure. The channel lengths used in determining water slope
wero 1,507 meters from the throat section to t h e Town Creek gage and 793 meters from (lie
th roat section to) the Jones Creek gage.

Behrens, Watson, and Mason (in preparation, 1976) found th at n generally increased
during the ebb or flood half of a tidal cycle at New Corpus Chri sti Pass , Texas. After each
shack water , n was a minimum, increasing with time during the following flow conditions.
Th is was also the case at North Inlet for time ebb cycles measured (Figs. 54 to 57), with the
exception of 24 March 1975. This is a notable s imilarity since tides at Corpus Christi are
diurnal or mixed with a diurnal range of 0.52 meter and those at North Inlet arc semiditurnal
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1(1( 11 a — i i m n n m ~
_
~ l . l i ! ~ ~llIt I~it 1 (1(1 u l i o - t t - m — _ I ) imu i i i~_~ ( I m t 11 111 ,11  ~ o i m  at \o iu t l i  h n l m - (_

II I l l t l ~u l l i ~ I _ i t u l ~ m - l lu m s ( a u i t ti m i l - I - I - I-  ~~ h i gh ~—l al-i ~ oa t .-m a 1 1 1 ) I I l , i I h l l t l _  ~ i thu (lii-

\ 1 - I li l m I  1 ( Ii.- I 2 I~m um m mau - ~ l°)73 ‘Fm~~~u i ( ; r i m k  l f a f a .  li1i~. um ii l\ m o -s i m ht  f r t m mm i  ~ari~* tu ’ i i i — i t t

- I~~t i i i - l l I I- 1lt h i mit l 01 (11 olt irim ug (l i t- I l t ot m i j 1~ ms _ ( ;l)ti i 1)a rt tl t o ,  \ c - l s  ( (irlliIs litrist i I’as — .

rt-la ti ~t (~ . r - a t m - r  c - t i a m i g t - ~ i um 110- 1 1111 III t um at \u rf f t  It ilt I dimt - to ( h i t -  gt -a (or -\ t lati (io t -o ,a ~--I

titla h laui ~~t . ~‘ill ( l tar( ialh \ b il l l l l i lt tli l I~ o t ~ - i- —~ gm -i- at o m- ii vahtu t- s t lta um f u l l  t - l t t l t l l m i ( s  (Chimt ~ —

I u T~I . ii ~~h 1- ~ ~I t - it ~~i —t ~t — hug h ~l at-h ’ ~s a t o-m i~ Ill - a r l - m i  a u n t 1 h o r t , h tltrt1tmtiatt I
~ 

ho- ~ h utit h is 
—

~u uIh i it - m u o t o l  Io~ t-huiiti oo-l l ) t l l l l l l l i l i~ t r i ( t i l l l l _  \\ i i l t hu i— i l l \ l l h~ t l l  d l — ’  — 1 1 1 ( 1  l lau — r ( l~s t h i a u i m i t h,- It zi~t-

Ii u h i i ,  th t~i i t  ~, Oft t-fiaulm i o Is_ :~ u ta in mu a t jolt - I t - h u a m m m o - i  ga i t u —  great h~ iii t- ib-e (ju t- u%~ i I i

m m i i t i ’ u h  ( t i  a o-gtilau . m io -a r - l~ jur is mn m at i t lirl - ti gl il t i t a m i m m o l. ~i t i ’ - o -  at ho , uu wat e r  liii Ium iui e r i~
1, I - l i  hi~ I u I a u l \  i u i t , - m t i L u h  ( m o  bart - l~ — i m l t t i t l ai — h l l ) a h —  \u i l l l - h  an- -~~

- -~- -d l~ I 3 nnit-t -r~ ii

u l i l t r o  i t t  %%~u ( ’ - r  at hii~ h i t j tlm- _ Ut - li rt m t s _ \\ at~,tni _ au th \htso t it (imi 1u- t- pa rm tn mu i .  l’)76) 00,1( 11 (hat

~t - h - i t i i - ~ lm t t , tu ~ (1 21) i u l l - I o u - i ~t t - o , i u l  ou t  u o mt gu~o - n - h abit- valu t -~ for ii (vaito s w i t h  hi- ~—

( l . a I S— p I n - I - l I t  i- rr i r )_ ‘hio-~ a l— u i u l t h i t a m ( l - t f  t h at (hit 1o-rro ii( eu -u -tI m ill hI ha mgt-r at Il,w u~a t o r

h(~~t -f  oh t f ~-t-en i (j a - a mi ol th at b0ih ~i r~ l t l \~ aut i l u o r s  bight u-aluie s III ti o t t o l l i  £11 lutu

tI j I l t ro m it i~tl—
_ u— ~~ al— i f l i l im i o l  at \ o , r t h i  h i t l t - t _  l~t -hi r u - ui s.  °~\ aistli l. au th \las.,ni at trih oi tt - d (h i t

m - a rI~ l lm uu ~aloi .- — III ii ( .t  f h t m ~u t \ o r  l it- o h l o o m i s  l,rut t l t l t i it! [lit u
~
,
~

t to
~

i (o diuet tII,ll (i .t - _ . t a u i ~

f i m t . , t h t l t o ~u ‘ ‘ , r  t - I t l t — t , u - i t - m m t o - i l  Imi t i liii ini ~~) _ h i t la t o- r h iig ll ~alui-s t f  it ~~u - I I -  o - t ,m is io lo - ro d to ro st iht

I r o tmt i  is-ti formme— otru i i teoi  ou j ib i b m  ( it ~~~ JJtuaiilu ~ o~ t- r Ilt ,oai —o rio-n i (eoi bed It l r mmu ~ )_ wi t j o l t

1 l r I ) ohl io - t - t l  liiglit -r l r it - ( iumial rt - s is tam ll -o - t l m io-  t o ( hut -  gnt - a t o - r  (ur buk-oco ass t ,o -ia t eo h ~ i t ho s t t - o - 1 lm - r

i ioss misl r i-a un i sl ij o a u — .
lii aui~ l ast - . h i gh or lt tuu ab ut-s of \la mi uiiii g~’ mi appear itt be rt-la (o d to t  (lit rt-v t rsitig auth

o t l u t ( i m i u m l u I s h ~ ar~ log m m a l m i r t -  t o t  tidal Ilt itu — uuh ii t h t oh i if t -ns mnark o- oIl~ from thu opt m i t - hi au i m i o I

om u ullo ru t i lI ot ~s Ito uuh i i t lm t -o 1 i ia ( i t om i  (10) at t i th ie s.  ~ o- ve m - thm t - lo- _
~ mu has bet -mm t iso-ol liv h~mo~~mi

lu)2t ~)_ Ko t uho - g ait ( I  m) ( t7 ) amid ( ) U r im-m i  an io l Clark (10)73) as a fricti oim com t- fiic irmi (. lii ~iess of

( hi . a imo >~ t ~umial ~ — j ~ a um ol ( It o rm hi mt ta m ic o i i  (YUrien amid Clark (1973) to ut s o thit (-o, mnl) ulatiolt

III o -~~ro pt iii i h em , i m i t -h .— o t t  I airh~ rm-gmi hmu - eo ui figur atiumi _ \ latimtumi g s n mu st b. imit t u- 1 i r- (t- t l

~u i t hi ,-al uti l m m m _ haitI I T  g~~t - — m t-ai m \ la m mm ii mi g ’s mu va lt uo -s fur t acit t it lal ~ o h lmidi vith uah ahtu t -s

u m o - ar ti tmit ~ t o l  ~Lmi k u~ ! r (gt-nu-rahl\ hts ~ th i -am i 0.01 or greater thaui 0.07) we ro - imot i m mo - hi mt l t iI.

l i l t - st lIil (~i t t ) i t i h lar t ~s o - lh us lIlt alu.-s uf 0.022, 0.051 - 0.039 0_07~ . amid 0.038 for ~~~~~ cmi

im i h.-t
~ 

su b mit -l i ~~llrit-ti a mmo1 Clark (1973 ) consider Lot bo- of a ct iui lmg iurati omi suilabit- fo r

t -a k- o u la t im ,mi o i l \ la u m mi im u g s i t .  U~ ot itit hiudo ol 1mm ( able I art- Ko tmh g~t mu ~ t t , t - t f i t - ienl  oil h- it - t i iui

ant i h it - vahiut - t if  K. ( It t r t - 1 m l o - ( io t i m ros - If i cu -m it.
7. keulegamn Rephetiomu Coef ficient.

‘ I ’ h uu ro- 1i It-ti o ,n i t -o to - I t i t - i t -m m t .  K. tlrs - t- It pu-oI h~ Kt -m u l t - g amm (1967) imi oh ieat l ~ ( hum ,i~~iO !t ! t t  t m f

t idal l - ’ so - l Ia nm g I- I lur om u g l m a t - hi aim miel . It iuo-It mtles (Ii,- t- Ifec (s od (lit - t -hmaumu i o-l bo-mi g t hi . Itirui m ~iui0I

f r io - t ionu
~

ml l t ms— t -~. t- lma nm m ,-l aniol lia~ gt -tm u nue tr \ , a u t h ( hu e pt -nitto l am mo l rang. oil tn-t aut tidal

t lmi , - t ma ~i I i m m u m ~. \ iu mmnmmb t r o il simn 1ml if~ iti g ( o) nit lil io)uis art - a 1o 1mhi o ’tI 1mm Keuul o gau i s (1967) at ia ls ~- is.
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i’al_,lo- I 7. Calo-ulato-t I lu it-t i oum and n-p lo- tio t n u o:.ielf ie io-u its_
I)ate Flow set-lion, nmueasiired F rit-( ioim faet( ,n Keulegati
1973 K

7 Jan 11.5% II Cr 1- I- k  0.032 OMh 33 3.72

I 2 Jan. l m , us m m ( J o I L  0 034 (11)132 2.07

12 Ja um . b t t m i t ~ 
( rt-.- k (1.04(1 0 021) 2 1 9

19 \la r_ I t 15% uo ( :r.- t -k 0M4 1 0 022 2J I

22 \l ar. i t o’,’. ii ( rot- k (1.0-I I 1)3)22 1 o)7

22 \lar jut it~~ CrI o - i ~ 03)42 0.023 I - (5

24 \lar . Tt t ss ut C r o o k  0036 (1.1)1 7 I 83 ]

iuit - h m i o I i m u ~ h it- as su m tt m 1 t t i tm ui th ua (  f low in [hut o -Itamuu i o-l I~ gost - rut t ol h,~ \ l a u mmi i m i g s  It i r m uim u la . ho-mut t-

lI mo mit t - t i  I t .  ml ,- l t - ru uu it i t -  \ la m iu miui g s mu as aim i m i t l i t a t i t o r u  t i f  o -hu a umr t l - i  f r i o - t i t ouu _ Tim ,- rt - i at io imsh iu 1t
sslu i thu ma~ hot - o i~i m l m u  t ime .-a ht iu lat io i m o il K i s :

r
k~,/ iT = — - - -- ~~~~ . ( I I )

X L + R  \

ssh u ,- r t -  II i~ t h mo st - uu iir a im go- of title iii ti m.-  I t o - I - a im.  I (l it- Iio-nio,l o t t  ( lit- t i t lo - ( l 2 4 2  hion urs).
R N limo - ht ~ o l ra m ih ic raihiui~ oi l t h ut j u l io -h  I r t t ~~ set t io mu. X i~ a lrit- (it.n t o n- l i l t - it - n i t .  I i~ lImo-

i -h i a mm m i i - h  l t - mm g ( h i , a Is (hi , i u m lo t t r o t ~~— — t - t t io t u i a h ar -a , amio l .\ is s uu rf ac o -  art-a of h ut - basim u. Tl io
tr io - l ion t - , n- f l ic it - t i t _  X , ct) rr .-5 1)o)nud imi g to ) e at - lu  sahu o- o t t  ut (Tahlo- 17) is deniveol from tim e
rt - la t io t t i sh mi 1m :

X =  t ———— -—I - ( 12)
\ 1 .486 R 1 6 /

Flu,- hargt - r ( hut value of K t h mt moo rt- o - f l ic i o - m i t  is LImo t idal o-x c ha m ug t- . K is thirec t iv pro ipoo rtionial
h i .  ( iol~ml p.-rioth ~mi mt l m u t t  t rt ,~~— st - l - t im ) i ia l  a r- a .  h u t  in ist- rsel ~ pro.portio uial tot  (ioha l u-am Igo- . ba~
au-t i. Ir io tio mi. ~umi o l o -h ia n iu it -I l t- i ig tlm _

‘l’iuo- tnor~
)hittlog\ t t l  \o rt lm hu m hu- t .  itli two nt iaim i cliaiuiiels oIls ioled b~ t h io - trailing ebb sp it

of (lie fi t m o t u l tidal o h -h Um . h as  i t - t i  to t  -t ms i . l t- rat io ,ui of t at-li o- l ma i i mio l s -parato-l~ iii replo (ioit

‘ ut- f l i t - i t -m i t  ai,ai~ 5 15. This a 1m 1iro ,at hu alsti so - t - mt us ro -as o i iable bo - eat uso - of ( Ito- tIi l fo - m-o-, mces imu: -

(a) Tidal raimgo-s at (lit- Tt tw n Cro-ek au th Jomio s Cro-o- k gagt-~ : (h) o iv t -r ahl u- h au nch confi gurat ion
h,elsuo -t- ri (hut inlet t hu rt iat au t h ( hut- 0- ross st t t m t t u i s  oil veluri(~ u m m t - asu u r .- nwnl : anti ( t )  tiulal flow .
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as sh iow u m iii Figuro- 32 and Tablo- 16. hum adt hi( ito mi , the t onmm lm utu tiooll of ba~ ari a }o r ma- ) - ui t s a
sj i t - t -i a l 1mrohk-m mm win o - nm Lii.- ba~- is ro-a hl~ a mnars hu — fi h lo-ol hagoomi wit h a st-u - it-s oil e(onnh,lu-x tidal
o r u t k ~ fe.I by t~uo t  ntmamm i - hu a ui mi ,- Is_ ~ui ap~mroxinu iato- art-a for tbu- t iolal o: rt- t -i s ne(woff k was

contipu to-d as 7.333 X 106 so l uaro - iit t to rs iu~umi g a 1:24,000 t S( S too pog ra~ohiit: tim as a
has.- . aloiui g with a -rial photos amid field knowlo-ol go- .,f (but- aro a as aids. Al t huot uglu atm area
at lj ao -.-mit to t Wimms ah Ha~ k im o t wu m to lie olomimiato-ol b~ brat-k isli hiay watt - r was exc ludo-o l , it
wou ld ho- nut -arl y impo ssihle to assi gmu oh is ti mmct ive art-as to J ou t- s Crt-t- k an uol ‘l’owmi Cu-co-k f lows.
‘h’I uert -f o ro - , t h mo - approoach of ( )‘llrit-mi anti I )cati (1972) usas ado 1mto- tJ . amid ami t -o i u iva io - nm ( hay

art-a us as o’omiipu to -i l as:

‘B 
m 

( 13)
_ ab

w hmo - ro - 
~h us (Ii.- liv olrauulit: tit lal imr is mmi rotinpu ted f rom (lit- flow mui.- as im r o-rr to- t t t ~ through a

v t -b el ly so~e( ioim amid ab is lImo- ba~ title annplittiol o- .
Examinati oni o)f LImo- rt-suuhls (Tablt- 17) imidicat o-s that t b-  hu i glu o st a but s o il K resulted

from mit-a l) Lio lo - flow thmrou glm Town Cro-o-k t o ni 7 Janiuarv 1975 (K 3.72). ami.I flow t imronig im
(hi ,- it il et throat s t - t -  (ion o ou i 21 \lart-hi 1975 (K = 3.37) at a somew h at io iw ,- r t l iam i ruu o ami tide.
In To owmm Cro-t-k fin- smmial l salon- of tiola l raulgo- is tht- It rirmlary reasomi I.ir thit grt-ato - r value
of K, ~i:uc-t- the valut- of K L07 on 12 Jauiuar~ 1975 , was obo- t o- runiui o -.1 at tIn sanmo-
Imy dratuhic- radius, but durimug spriuugt ides. Chiantn iel l,-r mgt lu , U, us as coni~ider.-d to h o 1,005
meters (3,300 fee-I) fo i r (he Toss ii Cro-t-k flow.

-
~~ 

o o)niparison of J o m it-s Cro-o-k amid Tt w mu Cru-o-k ro-p le( ion coeff ic io-mu ts for l imo 1 2 J aimuary
19 75 spriimgtides siuows similar s-al uo - s o f  K, u t-s imi Le (hut- gro-ato -r f’rictiotn of the Jones Cr -ek
chianno-l , part of wh ich is duo- to t Lime rhmati iio- l ‘s cmi ru mu g (:otm figu rahio tt m_ I Iowevo- r , (lio greato r
fr ie(ioni is compensated for  in sh orto- r chatinel length , 792 mneto-r s (2,600 It o-I)  at Jo mio-s
Cu-ct- k as opposed to 1,005 nit- b-u-s (3,300 feet) for Town Cro- o-k. The low va luo-s
of K measured on 22 Mard i [975 art- protbahhy (limo’ to ) augmneuitation t ) l (lit- ebb flow b~
%~o ini~ aIm Hay waters due to sout hmw -stt - rhv ss-ini ds amid hi gh runoff coriditiotmis (Table 15). Ebb
vebon.- itv asymmetry was vt- n prt t notumn-o- t i at both Town Creek amuol j ommes Creek (Figs. 54
to) 57) . A larger ebb prism wou hol ino-r o- aso - the mt ani valut’ of (lie tio lal prism Lust-t i to
compute AR, the hydraulic eo luivabo- t t t art-a , a factor w h el m woiuld ro-d uco- the valno- of K.

Vii. SUMMARY
Tidal inlets art- of i m n mimo t ist - im por (ami ct - for nlavi ga(iom i , b oot p rodtuc ti on i , am iol

ma irilemmance of (lit- coastal to-o ts y  sIt-ni. By combining stu.iy oil hit(oral proet-sses ,
morplmulotgy- of [hue irmh-t and adj acent beach es, antI tiolal hydraulics on a detailed so-asouial
hasis, LIme re-suIts obta iumo-d at \ urthi Inlet mi ma v be umse t i as a nmttoit - l for (hit b,-havior of rnammy
natural tiolal imilt- t s . Thit- qmiar ht-r hs- - t o hhec fi t iii of a large amo o mumu t of fi t - h i olata , comhiumeti wit h
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anmal ~ ‘us of m n.t rp hu. ib . l g io -aI o - I t a n i gm - . i so- r  hh i o- last 10(1 ~ ears , has ho-t i t o aum mimmoI o - r ~ tam i t l i uu g of
iii l.— ( } ir o.o-t- ~ .-~ us lilt- li us ouil.l m uo i t . ihh ut- r us us t- lua u.- Iu-. ut p. ,s stl de_

l l i—toi r io-al  ~t ui , h~ shu.tus s hhiat tio lal lloius t h rou gh aum t , u.- r us as hu ltreao: lm aro m i m u o t l 1916 nui a~
h ia s t-  ho -t im rt s h io ) u i s ih i l o -  l o r  l imo -  l t r u u m a t u ~tmi o d h i t  llrt s~

.1i( o- i m auuu uo- h_ l r .t s i m ,u i o d \ . t r t hm l—l au i o t

m i o i rt hu oi l  liu i~ break am u t h a lu i uuolti i u n n mo-u ut of t i m , I 878 iu mh t ( . - Iu a nmmu t - I  u hl ( iss. - ol s h ml ( g ro.uu tlI t o
o n -cur as a r o - sui h t oil st o l i t h i su ar t l  s m ol i i nm i u u t tr a m is po i(_ ‘1’Iiim~_ \ t i rt hu l m u lo t stabi h izo oJ at i t s l mro so - m i (

Iats it i.tm i iii tIn- hat. - l930’~ Ioi ibons - i um g (lie gr .ous hh ot t  ( hit - l ) o-hi i dmu o- ls lamid rt - t - iu rueol sp i t .

\et  bo t n mg sh io rt - — t -. b i mmu.- ui h t ra uis 1to tr t lro tmmi i i u rt hm to ,  sout h ro-su ul Ls f rom atm annual u t- I usa um-
- mi . -rg~ tlimx to t It o s , t mu t i i . su hu it- h u is t amis t ol h~ IiigI i—o - m it - r g ~ t I o m i t h l t i t His i lu mr imu g mi t t r ( lu. -as t sho rmris_

l int- fall au it i us imi t . - r  tum t mmit i i ~ aro - o l t t mum i u ia ( o - o l  bu (hut-so tm t iu -( lm o ast us im i o ls , w i Lim (lie adolitiomi o f
- u t -s t anm o l uit rt hu ~u ~st uu- iui ( lS asso ,o- iat ,-t i  us it hi us iii t u- r t odol frt muu t s_ l)uriuug t l m o- sj irimig a (ransitiom i

~o -,- uu het u s o o t i  th is l la (ho .rm u anti h i m. ~t ,ti t h i to so.~ th i ss-o-s( sunimmit- r us iim d s asso c iato-o l with

mi ghm— ~ or .-~-si u ro- —u stenti ’- .
‘(‘lit- ~tr .- si -ui h t ith ( itt-al .1. ha lo-ga mi to groiw us- In -mi s ,- di mo- mut t it us imig toward tbu intht-t us as

hu-pt s ito-d in t hu .- art-a o i l  i mu t t - r ao - t i t t mm bie t u s o - t ui us auo - — am i d i m ui et Lidal o: urr e mi hs .  ~s s sa u o - s
etra o - t o -o l  ar ouuu ioi t h u .- g roi uu log ,-h,b ( itb al ol t- Ita a lt iiigslutro- se o l imo - m ut trauu sport res t-u-sal
ht vt- ho 1mt-ol j ust soiutl u oil (In- i uulu- h. hi m m i l o liu i g a um oir t h i us aro l  r . - o mur u i t i g  61111. ~tddiiig to sus- ashm liars
intl in o - ru -asin g ( Ii. - —ui. - ~f liii - t Ith fitlah tb -hUt . l’hi.- s.- aso m iah us -a u .- t -mtt rgs Ib t I \  and resul Limi g
;e(linnent transport ima tt i- r im h as. - i i . - o - i m t l t n-mi t u io- ni t o - o l  Ity abou t t 800 littoral I)rti ( t

~~ observation
-I ts  at four st a t i . ,m t ’ . tust o o w o - i l ln - r —j ol t -  o i l  (lii i m ul t - l _

‘Flit- so- ola ta i muo - l i i ob u - uso -a t h uo r ti hso-ru atit imi s us Iui o -h u s h to tus  a so asou mal 1i~ut L t - r u i o il wimi t ls . w h i o Iu
m u turn in f l om o - mmt - t - s  (hit ss as t - o - h immuato - _ ul u- po- muohimu g o tu u tI me m agn u it mi o lo of ( Ito- omis iiort t r  ollsliot rt-
t im i tt umeni I.

Coompar isotmi of ba(hiv metri o- s ui rso- ~ s from 1925 antI 1964 indicates an annual imicro-ase in
slu t ant i sluota l v o ltmm t uo - ill 4.33 X I o~ t-ubic mt-to-u -s p’ m ~ear. An estimate of the
inlet—dirt-o tt-t i lorigsiioro- so-t iimemi t Lrauispor( based out wave t-ulergy flux gives a value which is
81.3 i)t- rd(-rm( of tIme ammmnial rate oi f  incro-ast- (luring time 39 years betweeuu surve s. Th erefore ,
shiota l soi l unit- ciiango-s ma~ In- ust-d to give an indication of long—tenn o-nerg\ flux before
actua l fi o ho I  mo-asl iro-mi-mi Is.

Heat- li proti ht-s at I I  I t ic at iot m us luau.- s h u t t u s u t  Liiah Liii so- u t rek eroohing slmoro himn- adj acent to
S o r flu lmiho - is dt-gi-ado-d hu nmotr hlut -a s t s t o rms. Lao-k (tf seol imo’mit itt flu x tot (lit- area anud a

re’la(iui- u-iso.- m i  so-a Io vt -h co intrihuto- I., (lii ra mm sgro -ss iuo- ehia rartt - r of the shoreline. TIme
uniformnitv iii mo-a u st -olimo- t tt si-it- ami d seohinn-mil so irhiitg also results from lack of new
sediment influx anti lIme ett niti niii on us rt wotrk imtg otf a himit -d amnouint of sedimemitary material.

Beach o-rosmon , w hich ro ’achmo-d a maxintum of 7 nieters of foredumit- ridge retreat (luring
the win br  oil I 972-73. comm (r u m tes abiuntlait ( sedim.-mi L to t h m o - o bit tidal delta : (lie o b b tidal
delta has a pu- u-so -mi t volume oil tm vo-r 35 .700.000 o- umb ic nueto- rs. TIme omilv bo-achi um ot st-ut-rel y
ero t d imt g lit -s im meo Iia k-l~ sout h of flit- m i t t w h io-rt - fl it- ebb tidal delta aff o rol s prottection from
northeast stor m was - c ah ip roac h i. b u m t h is ro-g ion l I mo - welding of swas h m bars to t hto beaeii
sit pphio -s st oli mno mit tot ti nt- lo migsh m or,- transport rt-u ersal_
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~t t - u m . - u t t )  r , - t h m m t - t u o o m o  m t  h i t  o - u . , ~ ’ — - o o t u t t u t a i  ari a ot f  t i t o -  i u o i t - t  t h i u m t a l

l.o - t s u . - . - u i  l i t .  ‘ o t uu iu i i . - r  t t f  l ’ l I t u i t i  ‘ , ‘ . u i i t o i It h ’ ) TS u’.~ t~ u rl u l t-ol Im o l i m o -  i u m t - m t - t — o - o l  t u t - t 1 u i . - u u i ~~ Ill
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bath r u - h u m i m o - t i  I., s s u t h u m u m  3 l o t - r I - I - u I ( ‘ 2 j o o o 0 u I) t o t  l i i i -  u i - a t h i u u — l u u o r  1 1 0 1 1 o rm-u i l o m N ~u i r t m m t m I u _

iu mol io a h u u u ~ a —i t- — ou o a l  ru- — p. m o — - to  t h i ~- s u as t  o - l iuu i~t t t - _ S t t t u r i — su i t - I t  l i u l -  t s  o r t  u t t t r h h i t - a s ( o - r  oil
U) amuu l I I I- t -h m m ti a r ~ 1 0 173 - au — - u r i a j t t u  i u o f i i i i u o ’ ’  t o t  (l o t- imuhm - t l h uoo a (  usim i t ho is hbo t ui

o - o . u m u h l o - m m — a l . m i  ( i t t  hi~ (im l af ~t- ooo ir io m ~ o~ r o - t u m m u m  to m uu ,- o 1 t iiii h moutu t ui ar t -a (aLt- — 1 0 1 0 0

liii- li on1 hu la1 ‘fu - i t a . uut i i m - iu  ii i— h , . - t -u u  m i t i - ~o~i I uu u g  — h . a t hi l ~ s s t — ’_ ’ a u — th m um mt b o -r  ( l i t i m m f l u i o - m t o - t -  o i l

su lu ;ti h i o n I t  ht i gl t t i m h m - _ i t i m - h u i t h o - — — o hu ~m i l o o u ~ 0 - lo l l  o i l  us l i mo- l i  t h y  lilt- — t b uo Lit l~ii f i t  I’ ,s I t o - f  ss . - t - n

I s ’ . u o  m u i au mm m -h i amu um .-I ’ _ ‘ liii— — l tl t m- ~ l t-ui th — .0— f a t  — t a s s a m l i  .0— ( lit im m io t t l mr oo ; it — o- o - titt u u b o ut m — t - r t t h i u t g

h i t . -  t i ~., il t i oh al ol , -lla m o o , ’ . -— ~so - — ts ’ ..out j_ hhiI , -to- mum- . - — iii o m u m — m o - m u t  u t - l o o m - i t s  au tm l  — .ui i uoit ~ au— I-

l , u m t m t i  o i l  . i t h m i - u  — u l t o -  tm l h i m . -  t - i u h t  — j u i (  i . m - u - ~i o i — i -  ( b i t -  — i i l h i t - r m u  m h t . um m m t , —l  ( J o o m u t - —— (u o t L )  ht .u— a u t io u t-

, h mr t - o - t o o i i u o . - t t u . t i u  us m l i i  \\ t t t \  I Iu h l o ~ — t h i t -  . tuu l ~ — i o u , - -  t o t  f r o - s bo usa t . - r  imu t i n- ari a

iiuI , i I 0 - 0 m m - u - o mi t t umo- ~i- - uur t u m i m - i m t —- _ 1mm o - m t u t j m m u m t - t u t t t o  su lh l u  o t t i u t i t i o m o i m u —  u I -m- m o r ( h iu t g  t o t  t iohai  t - i t ’ . a t i o t u u —

iii Iii - t , I - i -a uu _ J oo mi t - — ( r,- ,- h_ ~u mio h ‘F t t u su i  ( r o - t - h ~_ l i a s t -  hot- t i m u i— t o b t o t  o t m r u i j l t u t t  t i t l.oi 1 tr i — tum s oolo umu il- — _

lit s a r mah j o t m i  Iii um olu um u ut -  ho t t u s .- o -r i  — u o o - t o- ~— i ’ , o -  1 1110 . umo mb li ttt ot l t i o l a f  1t r i st mt ~ t - ~o ui t o t t x 1t l . i i uoo t I to ~
h ot -  o h inrut ~m i i t tm - i m iah i t \  — m u i . - ( o - t t m - t t i t o g io - aI o - l f t - o -  I— . .mu mt i  l i m o j u r t - s o - uuo - t -  t t f  \\ i mt \  al u lla~ ho rao -k ishu

us o t o - r —  ( u o u t u i o ~ori ~ o J u o  o t t  h i t  himla i pui siui au th h it- t - r t o ~~— s o - o - t ioouu a l  art -a o i l  (lie iu m h- t  t h i r m t a t  hot

~t ..t u i o o r 1 oh i ..ltm g i oaI stut hi .- — iuuohio-a t .- — (boat ( l i t -  immh m - t  i~ 1tr o so-uitl ~ in 000 lui l i io ri umn.
\ Luu iui ioog — mu t r io - bout o - o , t - t l t o -oo - , u f  i no-ro-a — o-d tjo j rj , m iii. .-hb ~h j a—o - o i l  u u u i o — L  Liol al o - ’  I-I l- -- . limit

(, ttt li t i III ht atbil ~ t l t - m -u t ~ ,— t ohui r iuig f ho o. .o l  
~~~~~~~~~~~ 

ro - f i o t- t i r ig .- i t a ui g t - -— it o m -boau t m to l — i ma l to .muub

t hm- i otfo th mirimm g t hi t- — t -mo u i t hiuu rm i a l .-~ o h - . (aht -oui zm(ito uu td  ixo - i iho gimu i — ( l9(7) uo- p lo L io o u u o - o o t f f io iruul

r ,-. l u u iuit l t -o, ums i .l , r a t i mmmi o ml  I t o u t l - -— ( r o -o k ~,m i ml i t o s s u u  (~rt o-k o -lo am ui i ebs — o 1tar a(o-Iv th ur ( m m  o l iffo - rt -uo (

i-h i a m imm o-I .-o i nul i gu irati t omi . u tmt h t mital lo- mt g t hi s _ T Io t- b i gh t — h  u~ulu io o t f  lx 3.72 55 .05 ot hUului t o l t t o u
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