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PREFACE

This report provides coastal eng ineers with data on suspended-sediment
concentration collected in and near the surf zones at Ventnor , New Jersey,
and Nags h ead , North Carolina . These data are of interest because a sig-
nificant amount of sand eroded from beaches is transported in suspension
through the surf zone. The work was carried out under the coastal processes
program of the U .S. Army Coastal Engineering Research Center (CERC).

This repott is based on a manuscript prepared by Mr. John C. Fairchild ,
Research h ydraulic Engineer , retired from the CERC Research Division. The

I, -
manuscript was condensed for publication by Dr. Cyril J. Galvin , Jr., Chief ,
Coastal Processes Branch , under the general supervision of R.P. Savage ,
Chief, Research Division , CE RC.

The author acknowledges the officials of the City of Ventnor , New
Jersey, including Mr. Ki ger , City Engineer , who gave permission to collect

• data from the Ventnor City Pier , and G. Vavrek , Ventnor piermaster , for
his personal assistance during data collection in 1965 and 1971. Data
collection was made at Jennette ’s Pier , Nags Head , North Carolina , 1 per-
mission of W . Jennette , and the Louisiana State University Coastal Studies
Institute who was there under contract with the Office of Naval Research .

The assistance of the many CERC contributors is also acknowledged ,
particularly F.F. Monroe who performed the initial analysis of the Nags
Head data; C.R. Schweppe and D.C. Fresch , student trainees , who prepared
numerous scatter plots and performed other hel pful tasks; L.E. Meyerle and
M.G. Essick who were help ful in reducing and comp iling the data; and B. Sims
and M. Fleming who wrote programs for computer-generated plots of the field
data.

Comments on this publication are invited .

Approved for publication in accordance with Public Law 166, 79th
Congress , approved 31 July 1945, as supplemented by Public Law 172 , 88th
Congress , approved 7 November 1963.
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SYMBOLS AN !) DEFINITIONS

C suspended-sediment concentration (in parts per thousand) by wei ght ,
given by t h e  ratio of the total weight of sediment sample to the total
weig ht of sea-ater in the pumped sample. lVei ght of water is determined
from volume pumped , assum in g seawater density of 64 pounds per cub i c
foot , less the wei ght of the sediment sample.

d water depth at the samp ]~~-g station determined by s t lr v e ’i ’ing  bottom 
-

•

elevation and subtract :ng tt from the tidal stage at the time of sam-
ple collection

p 
dn median sand size

E d i s t a n ce of the intake nozzle above the ocean bottom

11 wave height , the vertical distance between a wave crest and the
preceding troug h

0s significant wave hei ght determined from anal ysis of pen-and-ink records
for a pressure gage located in a 15-foot water depth at the  end of t h e
City Pier at Ventnor, New- Jersey

Q longshore transport rate

R d i s t ance  scal e m ea sure d a lo n g sam p ler p i pe , used to comp u te F , no::le
eleva t i on abo ve bot to m

S horizontal distance from the breaker line to the sampling station at
t h e  time of the samp le. (Distances to stations landward of the breaker
l i n e  are positive.)

3
~ 

distance from the samp ling station to t he  e s t i m a t e d  s t i l i w a t - e r  l e v e l
( SWL) , based on the tide stage at t h e  t i m e  of sample  c o l l e c t i o n

T wave period (in seconds)

Ts si gnificant wave period as determined in the anal ysis for I I .

t time

\~~~ t-el oc itv of the water -sediment mixture in the 0.5-inch inta te nozzle

t t  e s t i m a t e d  an g le bet wee n b r eak ing  wave crest and t h e  shore]  i n c

0 angle of sampler pi pe to vertical (in degrees)

8
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SUSPENDED SEDIMENT IN TI-IL LITTORAL ZONE AT
VEN TNO R , NEW JERSEY , AND NAGS HEAD , NORTH CAROLINA

John C. Fai r child

I. INTROFUCT ION

Much of the sand transport along beaches occurs in suspensions . These
suspensions are entrained by wave-induced water velocity near the bottom ,
particularly in the zone extending from seaward of the breaker line to the
runup limit. Such suspensions are important to coastal  eng in eeri n g becaus e ,
once suspended , the sand can be moved by currents wi th mean velocities too
small to initiate sediment transport . For example , weak longshore currents
may be very ef fec t ive  in transporting sand in the longshore direction , once
that sand has been stirred up by the onshore-offshore motion of waves cross-
ing the surf zone.

The relative importance of transport in such suspensions , measured as
a fraction of total littoral transport , is presentl y unknown , hut there is
evidence that sand transport in suspension may be the significant fraction
of longshore transport (Galvin , 1973). This study examines two extensive
collections of data on sediment suspensions in the surf zone to determine
the characteristics of such suspensions and to judge the relative impor-
tance of sediment suspensions to the total littoral transport .

The princ ipal variables considered in this study are listed in Symbols
and Definitions. The concentration of the suspension , C , is considered
to he a dependent variable determined by an unknown function of sediment
size (d, ) ,  distance from breaker line (S), water depth (d), elevation above
bottom ~E), wave height (F!), wave period (T), and breaker type:

C = f (d~~, S, d , F, hi , T, Breaker Type) . (1)

~fost of this report attempts to isolate t he  effect of the independent var-
iables , grouped as sediment size (U5), position (S,d ,E), and w a v e  c o n d i t i o n s
(II, T, Breaker Type), on suspended-sediment concentration , C , for data
collected from City Pier , at Ventnor , New Jersey, in 1965 and .Jenrette ’s
Pier at Nags [head , North Carolina, in 1964 .

II. FIELI) [)ATA COLLECTION PROCLP1JPES

1. Piers and Profiles.

Suspended -sediment data were collected at sever - i locations along t i c
fish ing p ier at each of the stud y sites . Fi gure 1 :s an  a e r i a l  p h - t o  of
Ii- ’t n~-tt e ’ s Pier. The length of t h e  pier deck is ab ou t 780 fee t (238 me ter s i

:1114 t h e  deck elevation is about 18 feet (5.5 meters  above mean w a t e r  l e t e l
Figure 2 is an aerial photo of City Pier . e l i-tiat h of the pier

(i~~ C~ ne asur&- - 1 r o fl~ t h e  concre te  w a l l  on the Iandward side of t h e  ho: t r dw i 1k 
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is about  1 ,010 feet (308 meters) and t he  deck e l e v a t i o n  v a r i e s  fre -l i - c I t
13 feet (4.0 meters) above MW! , at s t a t i on  22 to 24 feet  (7 . 3 mete r s )  al u c l

[lift at  s tat i o n  1010 .

Beach and nearshore pr o f i l e s  front the beg i n n i ng and end of th~ ~~- - d a t a
c o l l e c t i on s are shown in F i g u r e s  3 and -1 . The p r o f i l e s  for both localities
indicate t h a t  dur i n g  data  :o l l e c t i o n , t h e r e  was relativel y li ttle sand
movement on the major longshore bar and the beach aecreted .

The profile data for Jennette ’s Pier w e r e  obtained front profiles m a d c
by Louisiana State University (LSI1) Coastal Studies Inst i t i t t i . , Baton  h - : ~~e
Louisiana (Dolan , Fern , and McArthur , 1969). The profile data fm :-- C i t
Pier were obtained by lead-line soundings from surveyed elevations on the
pier deck. Local water depths were obtained from tide tables (U.S. Co;’st
and Geodetic Survey , 1963, 1964) for Jenrlette ’ s Pier and from a t ide p t - c- -
diction program at the Coastal Eng ineering Research Center (CERC) for t h e
Steel Pier at Atlantic City , which is 3 m i l e s  n o r t h e a s t  of C i t y  Pier ,
Depth data , profile data , and tide data are included in  Appendixes A , l-~,
and C, respectively .

2 , Pump Sampler.

Pu mp-sampl ing  systems have a long h i s to ry  of use in r iver  samp l i n g
(U.S. Inter-A gency Committee on Water Resources , 1941 , 1952 , 1962;
lcitzi gman , 1963).

The pump samp l er used in the l~ t to ra 1 zone to ob ta in  the data  in  t h i s
r epo r t is descr ibed by Fairchild (1965). The l)asic instrument con siets of
an intake nozzle (0.5-inch (1.27 centimeters) inside diameter) on a i,oe:
mounted telescop ing support pipe, a pump, and a settling tank (Fig. 5~
Sediment suspensions are collected by p lacing the inta~ e nozzle in the
water and continuously pumping out (for about 3 minutes ) a water-sediment
mix tu re . This mix tu re  is decanted and wei ghed to produce a suspended-
sediment  concentrat ion.  For f i e l d  u se , the  Sy s tem is mounted on a t r a c t :
i i i - . ! is  desi gned to be operated frthn f i s h i n g  p iers  or o ther  p l a t f o r m s  less

t h a n  20 feet abo ve w a t e r .  The f i e l d  i n s t r u m e n t  has a l s o  1 - eon used i n  ( ‘ ! i - ’ S
la rge wave tank  (Monroe , 1966).

The pump system described by l ’ a i r c h i l d  (1965) is  an o u t g r o w t h  cit lab-
oratory experiments  in measur ing suspended s e d i m e n t s  ( W a t t s , 1953 ; l - a i r c i : i  H ,
1956).  More recent e f for t s  in measur ing  w a v e - i n d u c e d  suspended-sed i ment
concentrations have emphasized electronic i n s t r u m e n t s  (B r e n n i n k m e y e r . l~r5 ;
Joeher , Clover , and N : l k a t o , l t ) 7 6 ) .

a. Nozzle Orientation. Nozzle orient at ion i s  i m p o r t a n t  i n  t h e  Op e l - -
I t  ion  of the  pump sample r  in  a wave- induced  o s c i l l a t i n g  f l o w . I f  t h e
tlci::ie axis is horizontal and pa r a l l e l  w i t h  the direction of ~a~- e t i  v c l
t h e  a x i s is p o i n t e d  i n t o  the  f l o w  par t  c l  i C  j ut e and w i t h  t h e  f 1i~’, h i ,-
r I : l p : l in d e r  of the  t i me. If  the  a x i s  i s  not I io r i : : i n t a l  , the samp le  is  d r e t s a
I r i s: - , c i  ( ‘vat i ons  above or be low t h e  il ~~:: Ic moot Ii , depend i n g  on w h e t ! -  r t b e
ax  I S i S  ~ ( - I i t  i - I  u j i  or down . ‘Ih e n o :  I c  Ol’ i en t a t  j i l l  l~ 1 th  t h e  1 ci : t ~~1 ‘I :‘a l e n t
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as  is when t he  n o z z l e  a x i s  is hor i z o n t a  I and parallel w ith the w a v e
c r e s t .  Fo r t h e  s a m p l i n g  equ i pment used in these  t e s t s , the  n o z z l e  was
e t ’ i c nted ap p r o x i n i a t v l v  pe rpend i cu la r  to the p i e r  axis , which was u s u a l l y  Jw i t h i n  10 0 01’ the  w a v e  c res t  a l t h o u g h i t  may h ave  been as muc h as 20° to
25° :~c..a~- from parallelism w i t h  s h o r t - p e r i o d  t,~ave c r e s t s .  The n o z z l e  i s
a p p r o x i m a t e ly  h o r i z o n t a l  when t h e  boom i s  a t  a s t a n d a r d  ang le of approxi —

mat clv 15 0 with the  v e r t i c a l  . D e v i a t i o n s  f rom r h i , -  hon : on t a l  it o s i  t i o r l
du r i n g  the  t es t s  were s l i ght , and ai- e c o n s i d e r e d  on im p o  t - t an t

b . Measur ing  N o z z l e  h e i ght  . Two m ethods  for m e a s u r i n g  n o z z l e  h e i g h t
were d e v i s e d . The f i r s t  method , used i i i  the ‘~:ut s l ead s a m p le  coil cci ion ,
c o n s i s t e d  of two measurements  made w i t h  each J i : ln ge  of t h e  n o z z l e  h e i g h t
This method involved reading the sampl or p i pe - I : e  o , & , and  r :e:~s : t1 ’ i
t h e  d i s p l a c e m e n t , P ., of t h e  samp l or p ipe  a l c o t t .  i t s m i n i m u m  leve l  c — h c n
t h e  no:: le was a t  t he  ocean hot t o r n .  The vct b e  —f It m is d et e r rc i  ned
i n d i r e c t l y  by sea l  ing  t h e  not ion of a poi lit O T I  he s i it ch  c a b l e  w h i c h  e c u  —

t ro l  led t h e  up or down met ion  of t he  samp l e - i- p : p e .  I h e i - t . - for e , in  t h c
Nags h e ad s a mp l i n g s , the  n o z :I e  hei ght abo ve ho t  t i l l ’ , I , i s  g iven b :

I :  = P. cos 0 .

For t h e  V e n t n o r  s a mp l i n g s , t h e  t r a c t o r —i - s - o ut  cd -
~ani 1- I em m;ts m o d i f i e d  by

adding a sampler p ipe stop (Fi g . ( r)  - The s t o p  was added to prevent t h e
noz :le front c l o g g i n g  in  t h e  ocean b o t t o m , : 1 1 c c !  t i  e s t a b l i s h  a fixed m i t  31
tie:: 1 e he i g ht a l co v e  b o t t o m  [ t h e  m i t  i - a  I t:t.t:: Ic ice i gh t  w i t h  I = ~~~~~ 

-~ ~ u: S

0.25 foot (T . v cent imeters) . As -in aid in eDt i i i  n t .  no: :10 clo t- :: iOn
qui ckl y, graphs m ere  deve loped  to rel  a t e  t o  :1 i a l  no:; i.e hei ght to I
and t h e n  to dot e n d  no I from 0 and P..

Samp les were vol lv cted over a range of no::1,- h e i g h t s  above  t I . hot  t o n :
to d e t e r m i n e  t h e  gradient of the concentrllt ion ahoy,- t :0 sed i ment l”ed .
la l ues of E ranged front the minimum of :~h~ :tt  0. 25 feet  to the ml ddt. ’p t It
l e t c i  w h i c h  :lve r a gc d  2 . 5 fcc-t (0. T6 II ter) above hot t o  . er t  i ca l sp ac  ng
etWeC fl samp les was :ippr oxirn at eI~ 0.2 feat ( t -  ccit t i I ~l e t  ( r S ~ -

3. ~~Ji 1~~le Effects.

It : addition to the cci t ical v a m i c t  ion c c l  s I l ~~1 t c l i d t . d — s C d j lf l C l t t  t . i~ l . c v f l t  ~ a-
tio n , the concentration 11 1 50 v a r i e s  i n  SJ ~~lC(’ and inc - i-c ’ o~ e - t ~~~a ~ :
p a r t  i c I e -~ boil upward i n  ci ends of  p art i ci co w~: c - i t  to t  t i ’  c t i - s t  s p~ l 5 c e ’
t h e  sand r I pp 1 e crc- st s I a ire!: ii d , 1 t)5D: f0ellnec! - - I H - e cL-c , 1 ~~~~ -

ohsc -nv,-d i n  w a v e  t: cni- s , sou rces  of t h e  p I n t  l e  - - C l C t l i c l S appeal ’  t o  L~
doml v sp;tced along the r i p p l e  crest , b i t t  c o L t  lb - n  t l a se ~o tt’e c lo , - a t  1 ( 0 1 1 5

are purely r andom or not is n e t  t i c . t~~i :  - r i t e Ic- I cit . .  I up 1t~- p t  hes  i s  o t h e t - -—
1)111’ i - x p l ar ia t i o n  for t h e s e  o h s t - l ’v,l t l o t s . P111510: : 1 OCII  t ion’~ ‘1 p a r t  i i  I e c I ends
mcii’ result t i-ow f l o w  s t - p :l r a t  l O l l  I S !  r r

ç - n t  i n t i t  - ‘‘ effects i:pi ’~l ciI :cct-o- ~ I C
f l o w  liv l i i -  ups t r eam r I pp l ctl oat or : . i t th I S h I  \ • c c i t t  ct  ci c t I e tc  of 0 IlO t r-
hot to rn H ow l i lt i t zones of I ow t pr ) ! e 10 i y l t  cx~

t 1 a i n  shy ‘: i  i t  i c c e I - ‘I I d  s
1~~c - i n l e t  i tiies I i f t  c c l  :tltovc ‘; c gnl i - t t  s r i p p i  ta i’ rc~s~ - - wit tel: : c l r p t - c r  5 5 c c ?  cc
t han lid _ I a- - I l ?  i r t - c :-t :1 :ir S c :  - : 1 5.  

-
~ b e s t . -  p a r t  c c  I C s  imme d  i a  I ci i l i t . Os t

I (ICIl I ma t i  01111: i - e l  oct v i n  t f i t .  so :0 r t- d  i t I I c S  ut ’t: b~ t i: i r s ;  t (1 I~ t.
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suspended ; lI d i ; I c e n t  par t ic los w o u l d  become suspended later with further
i n c r e a s e  i n o r b i t a l  V e l o c i t y  US t he  wat -e  crest nears coincidence with the
sand ripp le crest . At t h i s  po m t  t h e  part  i d e  c louds  b o i l  upward r a p i d l y ,
move sligh tly ahead of the sand ripp le crest , then reverse direction :ls
p a r t  id es settle in t h e  s lower  v e l o c i t  ics under the  wave t i’ot tp l-c .  R i pp le
observl lt  ions show t h a t  pa r t  i d e  clouds oecini - for stts ta m e d  t j ut es (g rea te r
t h a n  5 minutes) at the  same source p o i n t s  a l o n g  the  r i p p le  c re st s , w h i c h
l e n d s  evidence to t h e  hy p o t h e s i s  s i n c e  t i-ic is requi i-oil for the ripple
svst en to change , a nd thence  g ive  r i s e  to  sit i f t e d  s t r ea lt l l  lies with con—
s e e j i t e t i t  sh i fts in partic le c loud  1 oca t i o n s .  Suspen ded —~~- a r t  i c i e ci ouds
have been observed not o n ly  in t h e  l abora to ry , hut  in  ocean w a v e s  i n t h e
ne arshore  zone. The v: irv  i ng d i s t a n c e  b,- t t - ,ec  t t  t h e  p a r t i c l e  c l o u d  sources
and t h e  i n t a k e  no: :1 e app a r e n t l y causes r ando :- :ness i n  t h e qu a n t  i tv  o f sed i —

ment pumped , espc’c i l l  11 y when pump i n g  i s t.. I thin U inches of t lie hot tout .

-1 . Sample  C o l l e c t i o n  and P r o c e s s i n g .

a.  Sa~pp ie Pump i ng . A CE RC l a b o r a t o r y  s t u d y  ( lVat t s , l ’153) indicated
t h a t  an at -c t - age  r ep l’ e s en t a t  it - c- s a m p l e  of the  sac-c ’ — i n d u c e d  su spens ion  cou ld

‘ he obtained by pump ing  if the ratio of intake velocit y to maximum orbital
velocit y is about  2. I)uring this s tud y, i n t a k e  t-eiocit ics varied from IS
to 25 feet per second (see App . A~ and maximum orbi tal velocities were
g e n e r a l l y  below 5 feet per s e co n d , so t he  i n t a h e  v e l o c i ty - o r b i t a l  v o i ce  i t~
ratio of 2 was ecjuaied or exceeded for the  b u l k  of the  d a t a .  -\n a v e r a g e
of -Ui g a l l o n s  of sed i n t e n t  — laden :- e ;tw: l t e r  was  pumped for each samp le , wit l e D
requ i red  2 . 5  to 3 m i n u t e s  of pul p i n g  t h r o u g h t h e  0 . 5 —  i n c h  n o z z l e .

b . D e c a n t i ng  i t a t e r - Se d im en t  ~i i  x t u r e .  In t h e  s i t s p e n d c d — s e d .in t en t  c o l —
1 oct i ons  descr i  bed i n  t h i s  s tudy , t h e  w a t e r -  sod i m ont  m i x t u r e  was pumped
d i r e c t l y i n t o  a c o l l e c t i o n - d e c a n t i ng  t ank  c a l i b r a t e d  for  v o l u m e  v e r s u s
tank mater level. icater l e v e l s  i n  t h e  t a n k  were  t a k e n  on comp l e t i o n  of
pump ing , u s i n g  a Lory p o i n t  gage , and recorded on the  s a m p l i n g  d a t a  si t e ,  1 -

I h e  t o t a l  vo lume  i n  each s a mp l i n g  was ob t a ined  ft -out  a c a l i b r a t i o n  grap h ,
and tL- e q u i v : l l e n t  s a l t w a t e r  w e i gh t  for t h i s  v o l u m e  w as  based on a spec i  f i c
g r a v i t Y  of c4 pounds per c u b i c  f o o t .  The o v en d ry  w e i g ht  of t h e  soil i m e t i t
d e c a n t e d  and reduce d from t h e  w a t e r - s e d i m e n t  m i x t u r e , w a s  t hen  d i v i d e d
into the total mc i ght to o b t a i n  t h e  c o n c e n t r a t i o n  b~ w c i  p i t t  for  t h e  sam—
p 1 i n g .

P a r t  La! separat ion of the s e d i m e n t  f rom t i l e  pumped t o a t  i n - s o d  irn ent
l i i i  x t  t i r e -  lOIS :~ecornp l i shed i n  t h e  f i o l d , us i ng t he iced i mer i t ex t  rac t ion t e c h —
an i sins shown in Fi gure 7. f:or t h e  Nags  Il ead d a t a  c o l l e c t ion , most  of t h e
s: in : p l es wet- c- decant ed ml t it t a n k  2 ;  f or  t he  \ e i t t  n or  d a t a , most  wet ’ ,- done
S t  t h  t a n k  3 . I n  I tS  i n g  an t -  of the d e c a n t i n g  m e c h a n i s m s , 5 m i n u t e - s  w as
il lowed for iced i n t e n t  to settle a f  t o t -  t h e  samp l e  p u m p i n g  h ai l  ceased . i’he

t ’ s-thods  used to  decant the water f t ’ ctn t  t h e  s e d i m e n t  i n  t a n k s  I , 2, and S
w er e  as follows:

F - í a )  In t a n k  I , t h e  sand w h i c h  had sctt led out  a t  t h e  b o t t o m
of a t r a n s p a r e n t  p I : i s t  i c hose ioop (F i g .  I 5115 flushed ou t  i c y
lowering t h e  d i s c l c : t r g c -  end of t h e  hose i c e - l o w  t h e  e l e v ; I t  ion  of the

8
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water l i - c ci i n  he  t a n ~ A thumb he ld o : c r  t h o  ca se  il i : . ch a r y c
wIt cl e d i r e - c t  i up  i t  i t oo  a t ’ i u t c - d  ( C np J c:i - l i l t _ c r  pap er  wa~
t—ento,-e-u j  e:~ t I c o g  e t t c ce t p h  lou  t cc :;a nd I c c :  tot I or to  be f i  i si ed
ec : O : i~~cd cu t  0 t I l t .  t c a ; cc - t ’ -

it) in t a n k  2 , s a m p l e  p :tt::p ing pr o c e e d e d  i- - t t ! :  :t l a rp i ’  u uhb er
C IiciIl i i i  a t :  : t i c p c . t  position as sico~c 0 in  I 1 - -it re T . u t  or sed imen t

s e t t l  i t : p ,  t 1 ce hail i - a s  l ow e r e d  i n t o  st o  pc - i ’ p o s i t i o n , t h e e  iso-
l I l t i n g  w a t t  t’ sCit t ttcl’t v o l u m e  ii: t h e  g iicss jar b elo w tL- b a l l
sti -ip el- f rom the  m a i n  set 1 I up  t a n k  v: t i r e .  1 1 c c t ii t ’ c d  - c o n n e c t e d

L 

I l l  S i c  j o t ’  c~ is  t h e n  ca r ef ~t 11 \. i~(~ mov ed and i t  c c O t  el s p c u nc -U :1
f i : u s h c - -j l u i t  - a t i n t e d  f i l t e r  j c a p e r .

( c )  In t a n k S (a :- - t : c i n l e s s  st e e l  t a n i  j, the copter c,-di:: :c-et
m i x t c i l - e w a s  1tumped c b 0 t O  t O o  t a nk , t h e n  a l l c o c c - d  5 m i n u t e s  to
-‘ot tl e i nt the ext n :ict ion mech ar t j so ( c c 51011 1 1 cv ii ndri ca l see —
tion c t  the lo t _ t o -  c c l  the tank) (}: i g .  T ) ;  e n t ry  i n t o  t h i s
scct 1i ~~ S I c  :011 1 r ol  l i - i P r o c  1 1 1 - 1 t c -  ho c c large r u h i - e r  b a i l  stop-
per - I In d c nj ~~l ci ion  o f  “ a r t  i e - - c t t n o  , t h e  ha I I  - -: 

~ on1 - ci’ ma s
1ow-n’e ~I i n t o s t o p p e r  p o s i t i o n , t h u s  s c - p u t t - - t i  i n g  the lowe-i’ t - o l u m e
of water—sand ‘ti i x t u r e  ( I  -na rt or 1 oss )  f rom t h e  1 - i ’ p e  t’o 1 t ime
c i t  water (‘b e pa lion s I cl ace , I s -  I~~t 11 stopne-1 - at t hi -
botto::: ci’ t l w  c x l  r : c c t i o n  n~cc!: l t l I i c n :  was rd i~~e~i , c i i  h o e i n g  t i c
contents t o o  cc’ t i c - d ied l O t _ c ’ It fli t i ccl H t e i

c - ° —~~~t c l  i- P a c k i n g ,  Pry i ng , -n d  ~~~~~~~~~ hi :c - n  t h e  o xc e s s  :ott or I l ; t c
d r : t  i ned ci each  me thod  dv :e  t- t h i t c h  - , O i  . t i c - iced i w ent  suim p i c’ i n  t h e  11
f i 1 t or paper c-as  p l aced  in  cc v i i i  icr  c ~a :‘ , i c!- _ -t : t i f t  ed liv c c l i  oct ion  d a t  c
a : d  da t  a s h e e t  no - I l - er , and r e tu r ’nc -ci ~ -i l ID. t o r  l a b o r a t o ry  a n a l y s i s .  1 1
sanip i es wct- c a i r — d r  led ci t root ;. te- - - : e - r d . t  i’ i- . : 1 1 :  cI t - i n n  t o t - - i l  c-ted in a
i c ’ t r p e : - t t u r e — c o n ;  t e l  led oven . b 1-y samp i c  S t oc ’i ’ c ‘1 c~ 11 ’  IC C ’ t p l : c c ! , i l l  . 1 1
a t ?  e t l p t  t o  a s su re  a i : n i f o rm  r o t  si::rc- c t nt _ - i t  a t  ~~~~~ t i m e  o f  i o o : p l : i il~~.

U. Se -~ t l j tiii ‘l ube A n ; l l v s i s .  A s~- t r  i n g  I c t ~ -e i - ; t l ’ si s  v i s u a l  a c e d , :
Lit ion met b~otl I :-a t : i ie of t i s a h i  e s:intj o i es me I Plc I :c ~~ I gr:nt i s c i : -  more. - c fl

t e en  — - f t u e  115 s : t t t p I es c o i l  ec~ tad i t  I c-lit f lOl  to t g ,~ es ic t h a n  2 p. rcn t  , -

The r i  i t  s e t’e- d it c ’ ~c l to  p r : lp !: s c i  ::ed mcii i  — s i - cli St c i i  c t l t  i on  i n  - --a t i t

se ts  c f  I O U  and  e x c e r p t s  f rom t h e - - c -  u- c’ i n c l u d e :  i n  A p p e n d i x  I .

5. 10 :u t a - I t eu

hic e’ conc:-n i t - - c t i on of suspended  si-I i - - o u t  c-~~in - :~ d h : t - p t ’ c  c e t  t O i l  i l l  i t o , !
near  t h e  SIlt - f zone depends  ~n thc - u- I: e and : c d i i c t t c h a i - c t c t e r i  st t c :
and -us it ion i cc  tit t ’ c - s p e - t  to t lc t 1 ~c t  I o c o  and  ute m - c’ ake y  I I n c .  1’h e pu
c i n a l  ind c- 1 :-nd en t  v ariahics in t i : c s  s t _ i :  1 : (ci 1)  a n c  tbc- w a v e  ch: ira ct c- t - —
i ci i c s , t h e  p 0 5 :  1 l o t ;  of tlte s:~t :-i c  . a t : - ]  so ;- -  - - n h ’ -~ u~:: i t  i on  on icCcl I ‘ s - t O i c i  :e’ ,
“ l i e - $ i ci  ~! d a t  ci c o i l  e c t cd  P er  e a c h ,  5:I fl1~ C U t’ e- i s  

- - a t c  01 II u l : - 1 i I  i c h e c
Ii  i g .  ~ ) . I at  :i r c - oi’ded ~it t Dec- c - l : c - , - t  s 1 : - c  v t .  I i , . - a n - c : t~ Cd m d  Icc

l i l : - i  i n -\ 1 - t - ’ - n d i x  \ f c c r  l o o t ! -  t h e  ‘ O ttO or : 1 0 1 ( 1  t h c -  - a g s  iLs i  d t t ; i  c o l l ec t 1 011 5 .
Othe r  nec -s-  t n ~ d i t ; t  ci i’ - - in \1 O l l l x i ’s I- , f , and 1 ° w h i c ! ,’i r c  C c O r ] l i  l ; c t _ i c a i t s
O f  ~c~ tt e :l ‘i iO i l o s , t : de  - t t i - t e s , a t : !  - c~ t~~~ i c i n — i c ’ c t i t ’ v e - - , re -sec -ct ivel v .
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The most important chai-acterist Ic of the sediment in suspension is
f a l l  velocit y . In genera l , f a l l  v e l o c i ty  depends on s i z e , shape , s p e c i f i c
g r a v i t y ,  and water  v i s c o s i tY . sinc e most of t he  sed imen t  was rout ided ou a r t z
sand g r a i n s , t he  shape and s p e c i f i c  g r a v i t y  do not si g n i i ’t c a n t l v  va ry , so
t h e  most impor t an t  sed imen t  c h a r a c t e r i s t i c  is s i z e . To i - i t i a t e  t r a n s p o r t
of a s e d i m e n t  p a r t i c l e , l oca l  w a t e r  v e l o c i t i e s  must  exceed the  t h r e s h o l d
velocity of the given particle size. The t h r e s h o l d  v e l o c i t y  for the  r ange
of particle s si:es reported for the \entnor data (0.12 to 0.15 millimeter ,
median  U i ; i l ’ e - t e r )  is  about  0 .8  foot  per second (R a n c e  and in arren , 1P68 ;
Komar and ~i i 1l e r , 1973; U . S . Army, Corps of l ing ineers , C o a s t a l  E n g i n e e r i ng
Research Center , 1975). Considering the  range of wave periods and hei ghts
repor ted  here  as 5 to 10 seconds and up to 4 fee t  in h e i g h t , maximum ho r i -
z o n t a l  t -e l o c i t i e s  up to  8 feet  per second (more t i tan  10 t i m e s  t h r e s h o l d
t - e l o c i t v )  may he expected before the waves break i n  a 5. 5-foot  wa te r  dep th
( I n i t i a n  , 1956)

6. Wave Data .

In  the \‘entnor da ta , si g n i f i c a n t  w ave hei g h t s  and pe r io d s were reduced
front  s t r i p - c h a r t  r e c o r d i n g s  o h t a i n e d  from a \oat ’e gage system . The system
c o n s i s t e d  of a p ressure  t r a n s d u c e r , recorder , a m p l i f i e r , and ab out  Si00 f e e t
( 2 1 -1 me t ers)  of a t w o — w i r e  c a T t l e .  The p ressure  t r a n s d u c e r  was anchored
near the bottom , off the end of the pier at  s t a t i o n  101- h  in  a 15-foot  (-1 . 6
m e t e r s )  w a t e r  d ep t h .  T h i s  s tat i o n  oca s about  600 fee t  (183 m e ter s~ seaward
of the  m i d r a n g e  of t h e  s a m p l i n g  s t a t i o n s  where  wa te r  d ep t h s  at - craged  o n ly
2 to 5 fee t  ( 0 . 6  to 1 .5  m e t e r s ) .  The w a v e  gage sy s t e m  produced a s t n i p- Ic
cha r t  record i ng of the  icave c h a ra c t e r i s t i c s  dur ing  each s a mp l e  col l e c ti or t ,
except during the last 2 d a y s  of t h e  f i e l d w o r k  when tite recorder failed .
\ i s u a l  estimates of wave  breaker hei ght ccere t hen  maci c on a s p o t - c h o c k
basis.

In the N a p s  l ie-ad da ta , teci ve records were o b t a i n e d  f rom a cu : lt _ c staff
gage l o c a t e d  on ~l e nn e tt e ’ s P ie r . The p c t g e  produced 2 ( 1 - r n i n u t e  programe d
r e c o r d i n g s  on a paper  s t r i p c h a r t  and c o n t i n u o u s  r e c o r d i n g s  on m a g n e t i c
ta pe . The m a g n e t i c — t a p e  recor d s were ci lia l :ed by t h e  CHI C 1~ave  sp e c t r u m
a n a l  :- ::en w h i c h  g ives  a t eave ’ erte-t -gv spect t ’ i t ” ~ over a range of w a v e  per iod s ,
ci l i n e a r a v e r ag e , a squa re  a v e r a g e , and peak  w a v e  he i gh t s .  The si p i u i  f i  —

c a n t  w at - e  h e i g h t , FI ,~ , was  o b t a i n e d  f rom t h e  peak w a v e  he i ght , u s i n g  t h e
f o r m u l a , ~H , / P i I ; , = (1 p7 , whore  si i , i s  t h e  si g n i f i c a n t  h e i g h t  on :1 P a l le T-
st r p—chart record I ng cmii i’ l l . i s t h e  peak he i ght  f ron c  the ann  I v s i  s I -y
t h e  s pe c t ru m  a n a ly z e r  of t he  m a g m t e t i c - t a p c ’  record . \ c t l t r e s  of si g n i f i c a n t
wave h e i  gh t  t h u e  o I ’t a  m e d  f o r  N a g s  h ead a rc  comp i I ed i n  Append  I x - 1.

I I I  . PA ’i , \ -\\‘$ I Y S I S

Th i s sect ion di ice’ i r s  sc - c  t h e  s u sp e n d e d —  sod i r :o i I  I c on e  cu t  r a t  i o n s  oPt a i mice !
f ron t  t h e  p ie-i’ s at  N a g s  h ead and \‘en t n o r  . The a p p r o a c h  is  omp i r b e d  I , and
a ims c i t  s e p a ra t  b u g  rd cIt ions between the i n d ep e n d e n t  v c i r i a h l  c-s of  e t l l O c t  i o n
1) and t h e  d ep e n d en t  t a  ci aP I  e , c-on cent r a  t i on , u s i n g  da t  a in .-\ p 1t end I xe s

t o o  [) . The (Ii scu ss ion  i n c  Iticl es secl j :- it- t ct — c i  :e datc i , t h e -  u c l a  t ion  o i l  m e ~’I t
concen t r c i t ion a n d  t h e  p o s i t i o n  of t h e  s a m p l e , t h e  r e l a t  i o n  b e t w e e n  COilc ’ e r t —
t r a t  ion and the ceave conditions , and  causes  of ohsc-rt’cd scatter.

_  _  
_ _ _  

~
‘_

~~~~_



_ -
_—. —- -- --.-‘-‘-- ---- _

~~~
--.

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

—-‘--

~~~
- ‘

~~~~~~~~ 

i

1. C o n c e n t r a t i o n .

Fi gure 9 shows the distribution of suspended-sediment concentration
(in parts per thousand) for this stud y .  The t t t ed i an  c o n c e n t r a t i o n  of a l l
samples is about 0.15 parts per thousand for Nags h ead and sli ghtl y greater
for Ventnor. Time maximum measured concentiation neached -I p a r t s  per
thousand in the Nags Head samp les and 2 .6  pa r t s  per thousand in the Ventu or
samp les. Some of the extreme N a g s  h ead samples  were poss ib l y due to the
nozzle being without the footp late (Fig. 6) during that part of the stud y.
Without the footp late the nozzle may have been closer to the bottom at times
arid sucked more sediment .
2 . Sediinent Size.

S e d i m e n t - s i z e  da ta  are summar ized  in the table , in Fi gures 10, 11 , and
12 , and in Appendix D. These data indicate that the median size of
suspended-sed i ntont samples was typ ically about 0.13 millimeter at Ventnor
and about (1 .18 ml  i l i t n e t e r  at Nags  h ead . Contemporary  beach s amp l e s  at
V e n t n o r  had a nt edian  s i z e  of about 0.20 millimeter (App. D, Fi g. 11-4);
contemporary  bot tom samp les at Nags Head were between 0.23 and 0.35 mi lli-
meter at stations where suspended-sediment size was onl y about 0.16 to
( .22 millimeter (see Table). Because no bottom samp les were collected
contemporaneously with the suspended sediments cit Ven tnor  in 1965 , a few
i)ottOmn and suspended-sediment samp les were collected later in March 1971
at  t h a t  localit y (Schweppe , 1971). Bottom samples at Nags Head were
co l l ec t ed  b y a grab san tp l e r  opera ted  front t h e  p ier deck , and at Vontnor 0
b y a d iver  scoop ing sand i n t o  a p l a s t i c  sample  bucket .

The t a b l e  compares  t h e  m e d i a n  s i z e  of b ot to r t i  and s u s p e n d e d - s e d i m e n t
samp les. The me dian size of bottom or beach sediments is , in all cases ,
greater than the median s i z e  of the  scispended s e d i m e n t  a t  that time. For
the  d a t a  shown , the  m e d i a n  s i z e  of b o t t o m  samp les  at N a g s  I lead was ab o u t
63 percent greater t h c r n  the suspended samples; the me dian size of the
beach samp les in  C lay 1965 at Ventnor was about h~- T pe rcent  g rea t e r  t h a n  the
si :~ - of the suspended samp les. h o w e v e r , the few chat _ a from \‘entnor in ‘larch
1 9 1  i n d i c a t e  a percent  d i f f e r e n c e  of o n ly  22 percent , a p p a r e n t l y  because
t h e ’  s t t e p e n d e d — s e d i nt €-n t samp l e s  were  much coarser in ~!cr r c: h 1971 than in Max-
1 ’ t ( c ~~ . ‘Ihe r-oason foi- this is not known , but possible exp la n a t  ions inc icicl e
effec ts of depth e-hanges , ccciter temperature , or w a v e  conditions (Schweppe ,
1H 7 1 ) .

The circles in  Fi gures 10 , 11 , and 12 , show t h a t  coarser  sed i ment  does
get  suspended , and t h e  coarsest  5 p e rcen t  of t he  sample  is o f t e n  more t h a n
twice the me d ian si:c’ i n  m i l l i m e t e r .  A l s o , t he se  d a t a  show s u r p r i s i n g l y
little- v a n i  I t  ion  in median size with increase in water depth (Fi g .  10)
n o z z l e  e l e v c i t i o n  ( I : j g .  11), or distance from time breaker (Fig. 1 2 ) .  Thei-e
~h c c e s  ap p e a r  to be a s li glv t e n d e n cy  for  s i z e  to  dec rease  w i t h  increasin g

- - c t  or  d e p t h  and n o z z l e  c l e - v c i t i o n s .

tie restrict ion on a t  I c - i - ~~c t  i ng to e s ta b i  i sit rd ci t ions i-et i~een the median
si:e of the su sp e n d e d  iced i rtient and time c c t  h er  in c l epc ’nelcn t  t- c mt - b a b i e s  of edluci —
t ion (I) is t h a t  m e d i a n — s i z e  v c i r i a t  i o n  in  t h e  ava  i lah i e san d  is usuc i l l v
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s r n c m  11 . t b o s t  o f  r i m e  sand is so .sc 1 1 Sa t - t_ ~~ t a ct time vcc i - i c r ’ i o c c  od1c - 11 c u r ; - ]  ( ‘I

, y be l ess  i c 0 i r i  t i  err- c r  I r t I i e i ’ e t : I  i n  scinip i i r i g  c c n o l  l e t c  a -n - m i  t ig the s
ei~i t

3. 
-
- c : e I b O i t i .

~~ ‘I P c i - i -  - - i  I ~ 1 t i -j e t  -e t i o .  c i t ’ a r  c r o c i  es i n  equat  i a t ,  ( I )  d c - s e  - r I -c  - - s i m i e
P c - S  t i O u — S  i 5 t br i  hoi’ i o ’t i  I - -  1 1 oca t ic-fl 1-1 t li  r e sp e c t  t o  the  def  nea ol e-a ~
~~~~~~~~~~~~ d i s  t i ,  l o c a l  c - a t _ e r  O c - p t h , r c n c i  IT is t h e  t c o : z l c  e l i -c ~c t  loll
a l - O t t -  the lot I - :  - I- i gi ne - - 13 , 1 1 , cIt _ i d 15 show t h e  nea r -c - ir e  d i  st r i - a t  ion
0 t 1 - 

- - vu  i i  r t l °  l o s  t i c  h i  ct o g r : c t c r  t i - r e .

I nil l v i  duo 1 c c i  c-es in a s e n  i c - i- of li ci I I  5 di~~ fl - c - ac  hi i rc g  c c c  ma” - i r a  c i t
o d i f f e r e n t  l o c a t i o n s , t ’cc t he - c ’ t i c r c t i  m t  a sing le - p o i n t . 1-or th e ’  \~ n t ’  dcita ,

s t a t i o n s  d e f i n i n g  e i t h e r  end c-f’ i l c e  t c i i c ~C of b - t - e r c k i - r  p o s i t i - ~c i t s  cc- ~Ie tc-t—
m i n e d  and t h e  t n i d s t r i t  i o n  c — i t _ b i n  t i c -  i - an  e ccuc d e f ’ i n~~d c c c t h e  b-nt ’ci~ t- r p 051—
t i c ’ t t .  F i gure  13 sl iocs s the d i s t r i l o i m t  ion of sa t r i p l es  n c - h a t  i c e  t~ - t~ - , - ~ r - c’ik en
p o s i t  I c - r i . ldc -~e d a t a  i n d i c - o t e  t h a t  about ~~

‘
~
‘ 
~oeree -c1 of the \ e T c t  u d r i t c i

w eec- coil cc ted c~ i - i n 25 f ee t  c - F  t h e  I coo ker cero ccnc - - i d  y Ii --Cr - - c c c l  we t_
: - o n c -  t i t a n  hi) t o r t  t i i t i  t c . e  I r c u k e r  z e r o . \h oi c ~5 p e r - c e c i l  of l i e  s a u l - h e
i e c e r c t  ions cset c ’ sho r ecscc rcl at t h e  b r e a k e r  ::e-ro r i n d  55 p er ’ con t - s e n  s c - , c r s , c r ’d
Si nce the c-,riv ec~ re oft en sinai 1 , ec - tmsec - ii e ccl IV the s u n ’ , ) c - t : c  i-ic- Sl t c l  l o w .
I c~ ’t’~ c~as a t en ~,1e-ncv t o o  c o l l e c t  clcrtcc ft- - - . t~ e’ se , ccc - m nj  l o c a t i o n s

I - i g t i r e ’ 1 c u d  i e r m t e s  t h e  r ang e -  - F  t ~~t l i - p t  !cs du r  t ti c 5 cu ] c  1 0hz -

ao p 1c c - c . il’ c o i n p m n i t t g  t I d e  p r o f i  t e s  - - co -n  i g t c r c — s ~ and t , i t  w a s

~-o ssi i-1e t o  c - r c r i p le  ci t 1-r ~~: i ~~ec d e p t h s  ft - i -rn l e nn e ]  ‘c ’ s P i c i  t i r a d  I t a r i  C
i c - c .  The p~ ~ t’ i i c-s sbcoi ~ ~l c p t  I ts  of r i b o r i t  12  fe-ct ~~~ e-n dt d  1 5(1  d c - Cl  - i  I nrc -

J Lcl t -Oc -tte ’s Pier , l ric - ic ~- c r~r c o t  t h e  tai lor l o n g s I c o o r ’ e  ]~u t , I - c i t  a t  \ c - t~ t c c c - n  i t  s O S

n c - - : es sccc’ v  to c get  s c - a c o r n , ]  - i f ’ t h e  ma lor c a r  °efore t’e ;c cl’ c ing 12 — t oc-t dep t h s .
A l t _ b o u g ht i . - e x t i — e r t i e  d e p t h s  wet- i- c o t  r a I N r I g s  b c - a 0 ] , t i r e  r c o ~~t - cu r t l y
sci mp l i’d d e pt  Icr— re- gre -cit ci it \ c- c c t  ( b~ ~~~~. 1 I )

Fi gur e- 15 i n c h  i c a t  c-s the range of’ t i e  - z I  c’ ci e ’v r i t  i c - it s. b o t h  p i e r s ,
t h e  ntost cocrc tiron itozzi c’ ci e’\ c i t  I Ofl  w a s  i n  t I c ’  c’ .I t c gc’ (1 . -~ t o  ( 1 _ t f , c ~ - t  i i  t ’ f l ie
b o o t  t a r ; , and nea t -b  I ra  i f  of  t h e  c~a r p  c c  c t — r e  c I t i t  i n  0 . i - I e ’c ° l  o f ’ time Cu t I - -
Sauce o f ’ t h e  ex t r e r t i e  c g c  l u c i d  c - I c - v a t  ions \ s c - I O  t itore i h a n  10 t ’e - t  a l - ev e
Pot t c - t i , .

D i  st c a c e  f cc - cc ;  t h e  hi- c- i l - e r  pc-s i t  i on , 5 , 1 5 v i  n-s i c c - p o r t  m i t t  - l i d  I c - c
r m n r y  - - t It er i t i f c c t ’ c c - c t  i o n , i t  is rcs si t c-rvd t h a t  sod l i d o C t l t  c O f l C t - t rt rril t o l d  w i l l
in e r t -ri s e c i t  r i nd  shor cms cr r d  of t i r e  hircaiket- p - s  i t  ion , as co ld  I c c - I t o  t h e  d c~ tI-

C e - i l l c ’ i t  i o n  s e aw a r d  of  t l i e ‘ i - c - r i b  c i ’ . F i r e r s -  H- s u p p o r t s  t h i s  ciSsim! J ’l ion ,
liS l u g  d c t i f ’i’oi cr \ upend ix - \ .  cc  l i l t ’ neccc - e - in sed i nce’nt i’an e en t  c o t  ic - nc can  I

up  t o  t a o  ord e r - c r of m a g n i t u d e , as shown liv t h e s e  d r i i r i , r in d  t h i s  c o ncen t  r at  ice c
i : 0  re- ri s e s si gnificantl y m er t i c ciosc- t cecs ’ - - t h e ! c t l u o c - . 11~I t c  ti ° i - c  1u i - e s e n t e d
i c r t c- i- show t h a t  bre aker  i - - ; -  a l s o  c i t  f e e t t— C r c t l d C i r t  t a t  r o l l  f o c i  g i oc - - tu  v a l u e s
ot~ S .

icci t i -n  dep t h i s on l v  c u r  - - k -t i  I c u l l  V ta - ia I ~‘d t o  s t i s j - e ’ t sied — s c ~I i - -  - ~r I  i’o i O ( ’ 1 1 —

t u c t  i c -n i  in t h a t ,  d c - 1 - t h  c o n t r o l s  h i - ra k i n g  r - , c i \ e  h e i , - t c t a n t 0 ]  t r r c I e c u t c u i t ~ po’~sc hlc -

2~ 



r~ 
‘

-_----

~~

--—- -----—--- — .- --_-- ---- -

0

J~~~U~~3 ~uOZ 

~ 

d ~~ 
-

~

a~ua~inoo o ~~ 

~~~~~~~~~~~~~~~~~~~~~~ ‘- _~~~_



______ ‘—-C —— -- 
~~~~

-‘—--- - --—- - - -  -C- - - -C - --C’ - 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - 

- - -

- .
; - 

,
~

100

9 0 ’

8 0 -

70 - a. Ven tn or , New Jersey ( 196 5 )

0
-

-

‘.4
3 0 -

fl-f1-rrrrTL-f--L~~ ~~It) 0 It) 0 It) 0 it) 0 It) 0 It) 0 It) 0 It) 0 It’ 0 It) 0 It) 0 It) 0 It) 0 it~ 0 It) 0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

d ( f t )

100

90

80 -

70 - b. Nags Head , North Carol ina ( 19 6 4 )

~ 60 -

I ’-

L)
0~~~~~~

40 -
I-,
0~

30 -

20 -

I: -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

o ,no 0)00,00)0~~ 00,00)00,00,  00 )00)00)00 ,00 )00)00)00)0  fl 00)00)00)00)00)O0)O0)0 ,C,  00)00)0 0)

d ( f t )
Fi gure  1-1 . I ) i s t  n’ i but  j olt  of w a t e r  d e p t h s  a t  sci tc ip i ing posit ions. 

~~~~~~~~~ 
_ -~~~---- 

1_~
_ _ 



10 0 -

90 - 

a ventnor , New Jersey ( 196 5)

-~ I

E i~ t h
100 -

90 
b Nags  Head , North Carol i na ( 1964 )

80

3 0 -

~~6O -  2 0 -

~~5 0- I D -

.— 4 0 - 0 ‘ t i l l  L....J I L....J I J
I.) — ~~‘ P 0 01 (‘.1 In ~~ —:::: :~ 

::;:::
0 0 0 0 — — - C’.J S~~ ~‘) ‘~

) 
N)  WI In In In 10 ID ID iD P’- P.

E ( f i )

F i gure 15. I ) i s t r i b ’ t t t i o n  of n o z z l e  e l e v a t i o n s .

32

, P_
~~~~~~._ ~~~~~~~~~~~~~~__ ,_ , , ,-C _ _ - C______ __ _

~~~~~~
___ -C --C-

~~~~ ~~~~



•~~~~~ 

~~~~~~~~~~~~~~~~ ~T -- ~~~~~ :T~~~~ 1~~~. -~~~~

- o~~~~~
-C

~~ ~~
‘5’
~~ 

-‘ 
~~~~~

- - d

- 

- ..- —I-— - -~.. - J -  v o l

- - -
~ ‘--C ’1~- - a S C • I - 

—

~

- -

~

-- - c .~~~ -, — -.  ~~ ‘,, ~ a

‘ F  -~~~~ - 
- 

I -‘ ~~~~~~~~~ I -

I ~~~~~~~~~~~~~~~ ‘ ° :‘ 0.
4 I - ~‘ - IL _

- 
- 

- ; _ I a~~~~- i ”’~
- 

- u - - 0
0 - ’  0 )  

~~~~~ —-----—~~~~ — — - — - -   , ~~~~~~~~c- -~ - - W  -f -  , c- ‘j ~-~ - ., - 0 0 LI 0 -‘-0 ‘ — -~ 
- - -

/ 1  

u 
—

~~~~~

- —~~~~~

~~~~~~~~~~ 
L~~~~~~~~~

- 

- 

~~~t Ht~ 

-
I--

- - ‘ - a  - - - 
~ ~H—” ~~

—

- - r : r 0 • - -  I

~

‘•

~ 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
u ao ~~~~,4_

- I

- - ~- W *l~~~~ 1~~ 

I ~~ u o

~~~~~ —L 
- 

b~~ 
- - -

~~~ 
-

- ______ —

~ 

~~~~ 0
o C’ 0 as ‘D ~~ So — 

~~ ,o ~i’ ,s, — ‘~
- 0 0  0 ~~~~O 0 0 0 0

- 0 0  0 0 0

I I  0 1
, - ~)~I O  ~~- -~ -

- ~~-_ - * -_ ~~~~~- ~~0 : 1 
- - ~~~~~~~~ - -

- 
- I - - - 

- a c - u , ~~~~~~~ a~ a~ 
- 
‘I

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

- - -

~~~~~~~~~ 

-
~~

- - -  - -
~~~~

- - - - r - -—
~~~~ °

~ 

- I ‘ -  4 - - - - — - - ~~ ~
I - ~~ d,

- 
I 

- 

- 

- 

- 

I 
5_~$

( “i”t i’ j I

~

F 
I - - -

- c -  F~~j + ~ -- -C 
H ‘ i ] u  i

‘‘ —‘ r -  — - 0 -
Or) I I - 

.

- 

- 
-

a g l .  — —  

I
i + t f ~ 

- r

~~ ~~~~
_

_
~~~~ u ~ I ~ ~_ , T h i i

0 0 0 0 0



- —-C— - —v- ~~—~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ ___ ._-‘.~~_“;-,_., -C -‘--C- -C’-- ---- ‘-.--‘----‘- --C— -

nozzle elevations. In general , there is no direct correlation between
d e p t h  and concentration , a fact w h i c h  is i n d i c a t ed by t I o c  da ta on Fi gure
1~

The elevation of the nozzle above the bottom , F , w i l l  h cr ve an irlipo r-
tant effect on the measured concentration , C . This i s evident in Fi gure
16 where  the  conic e n t r a t  ion at - t h e  breaker  l i n e  goes fronc about  2 parts - r e - i ’

thousand for  F l ess  t h a n  0 . 2 8  foot , to about 0.5 cc s per t h o u s a n d  for
II between 0 .53 and 0.o3 foot , to about 0.3 par t s  per thousand  for I
be tween  0 .85  and 1 .05 f e e t .

Fi gure 18 shows all data obtained at Ventnor in a p l c - I  of I v e r s u s  C .
The t rend of i n c r e a s i n g  C w i t h  decreasing F is apparent , hu t the  sca tt er
i s  l a r g e , eviden t l y due to the effect of other variables. Superimposed on
Fi gure 18 are two sets of da t a  from s h o r t - t i m e  i n t e r v al s  w h e n  these othe t

v a r i a b l e s  are assumed not to va ry . (Ic-er these  shor t e r  t i m e  p er t o d s , t h e
expec ted  trend shows bess  sca t te r .

Fi gures 10 and 20 i l l u s t  r a t e  C ve r sus  I. p lo ts  from \ entt or and N c - i t s
I l ead , r e s p e c t i v e ly . Fi gerre 19 shows t i l’ l o g a ri t h m i c  decrease  in  c o n c c -tr t ra-
tion with ebc vrctio n above bottom w h i c h  i c - s  p r e v i o u s l y been found in bo th
l c d — c  - c - t o r y  and f i e l d  s t u d i e s .  In compar ing  the three p lo ts on Fi g a r o 19 ,
t h e  I c c  H t e s t  c o n c c n i t r r m t  ions (C = 2 . 4  p a r t  s ~-c - n t housand ) r o t e  achic ’c  in the
one set of data where F w a s  less than 0.4 foot  - The fact that t- - l u -car
r e l a t i o n  on a log p lo t  breaks c lown near th e b - u t  tom has beet ’  r uoteci n IaI —

c- m actory tests (M ac i ) on a l d , 1057) ,  and is i l l u r c t r r c t e d  by the clat ri on F~i gur c
20 w h i c h  su b ~ ies t  t h a t  C increases more rapidl y near the hi- t I- cc .

-1 . P ave Pond i t c - n c .  ‘

‘l’here are three variables of int erest to this stud y d e s c r ib i n g  t i r e
w a v e s  in the scrrf zone-- c-rave hei ght , w ave perio ch , and l - sr e a k e r  t i ps . l b , e
d i - t - - i h u t i o n  o f ’  wdr ve  h e i gh ts arid periods cl ciring the data collectio n is
shown in h i s tog ram form on Fi gures 2 1 and 22. These data sug~ e~ t t~ m t  t h e
most  commonly  o c c u r r i n g  wave h e i gh t was a l i tt le more than 1 c-c- I  r o t  b o t h
Sit  05 , hut  t h e  o u t  nc’ui r e  Pci Huts ccci’ - dre rcter at Nags hlcc me h (Fig. 21 ~ - ‘(bce
d o m i n a n t  w a v e  p c -n ods w et- c - S to 8 second s at \‘ent n o r  and 7 to 12 ci
cit Nags Peach (I- p . 2 2 i

In general , s u s p e n d e d — s e d i m e n t  oc l r c ’cr i t ration does not v a ry  gr e -
wi th w a v e  he 1 g b - m t when a l l  c - t b o e u -  v u r i ~ I ahl  es ate f a i r l y  - c o t t s t c r n t  . Ii  gores
23 and 2-1 sh ow no definite correlation b -c t ’,s een wave hei ght and cone :‘rr tr r ’-
t i o n  c t  \‘entnor and Nags I l ea d . The lack c o f  coc-relat ion between h ,~ and C
is si m i l a r  to the l a ck of cor re la t ion - c - t c o - c c r  d and C u l r i g .  F l.  h h n o ~- er ,
th u rat io , l’16/d , of t h e s e  two  variahi es does h av e  a p o s i t i v e  cu r l - c ir i t 1 -’ a
wi th C (Pig. 25). (See Fi g. S in Fairchi Id (I~~53) f o r  a d d i t i o n a l  p lot~s. )
Possibl y, }L1/d is a ice r c scc r r of c - a r - r h o  lng  p051 t on uc i th re -egret t o  t h e
breaker posit ion , cr ud t h u s  is related to the correlation i o e t ccee f l  C and S
(Fig. 16).
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S hor t  ice periods are cc-nec ted to ccci i m o t c c i n  a h i  p lle Ccii SU S I O d - r r ded -
s~ ditnent coitcentrat ion in t ime  surf  :one, b e c a u s e t h e r e  is less t jot tc~C’e1
waves  foo- the e c o n d  to  sc- t i e  occ t  - 1 iom— -o ’ :ei - , i ’  data Sup12 c so cci i a J , I a ii Cc
an c 1’-s is - - ‘~ :mnd the I c -v e t  o -f t h i s  repor t  i s c - c ’  dc -i1 , iticer to pm -c- c - or
di srl !’o\ ’c that hy po t he s i s  - T im i s is due  to the rei am i c’~ l v  com a 1 van at on
in wave  p e o - i o d s  observed and t he  c o n f u s i ng  e11c - t of crc’ other ~~~~~~~ 

I c - I  1cc -
- ; In  sotccc ’ cases c - h e r e  the -  expect  Ccl i - c l o t  ~c- r. hc t c c c ci. d cod l is ci t o i c c - c C-nt  iv

J o t - c c - C o t , cru riati c o t o s in o t h e r  v a t - i a b l e s  occur  i- ,- ! r i c h  Ci  o l d  e~- c : a l  Ia  C \ t  i 3 c l i

e re la t ion .

Brc akec- t y p e w as  c lassed  a s sp ill i c-i: (sp) , co p I i  ng~ r- m cc t mp i n r  I s~ , ) , one
p 11mg i t i p  (p) ; these data arc tabcriated in A~op c -icd ix A. A l  t h o u g h  I i rc - r ,m , e i

t \ - f - c  is dependent , a t  l eas t  in g i r t , on w a v e  h e i~~ ,t and ~- c - r io d  ( f a l v i r .
1r ) ( i c ) , i t is clear from t h i s  stud y t h a t  hr-c-ai em’ tv !ce is t o ” ; ’ r I . c~~ t i c  c h i c --
s i  f y i n g  sur C 0 00- .Jcd_ seod im ent  data

• Fi gni’c -  26 shows suspend ed —sc’ d im en t C c - t o .  en t r at i o n s , c -n e  sot of 1i r t cc
each of 3 days , as funct ion  of b reaker  t Yp e  ,t r ’ . t di c-tOne d ’ ;m- on

p o i n t .  For these  d c c ~ ‘i , the hig h~~st c o n c e n t r c r t i - - r m  oc-: cr s  w i t h  t o e  p 1 r.~ np
w av e s  n c r  d i e  bo r e :m ke r  l i n e .  The lo w e- C t concur I i- at jons occur 1o~ s p c  I i n c
breakers  inshore of t h e  breaker .

5.  S c i o n - c cc of Scatter.

Tic’- t’ i g icr- c--rr in t h i s  r epo r t  shucs’ - - s  c(’~ (- a t e  (ccc clear Cr0025 - -  - c% Cfa r

v a r i a b l e s ,  in par t  th i s  may he d o - to c- - i - c o o n ,  in nic~c1sc iri ng and ot’c-c —

t i - c  d a t a ;  t u I I c ! o  c - f ’ t h e  sc a tt  e m -  i s  d c.c -’ t o  Joe o’f’c~ ts of other cc e rc - cro c -,d . o , i t

t r i o c o m i t i - ) ]  led oc i- o cih i er e . h owever , 1’; the a t r t h r - i - ’ s opi nic ol . t h a t  r a to  P
the  sea c t e r  i s  due to - he di  f f i c c r l  t \ ~ of ’ ma i o o t  a i n i n g  const  at  t cr-nil it b c-c-
dcci’ i ng 3arnp i ing • In part icul ar, scat ter c c i i i  he due t o :

(a) The crnknown posit ion of’ t Plc- le with cc - p -c - -c to -

po i sI t  co a l o n g  r ip p l e s  whei- I’ i~-n I f.icant c-ed imr ’rt i s being ‘.-atm - i :c~ d
P a s n .h on l mI ’oroitory c’xpc - - ;i ence  -Jci i o-ch i i _ I , I P5 (i ) , i t i s  h-c l icc  I_ L I

tha t v a r i a t i o n  in  a c t i r a l su- 1h im en t  sto - - 1- ea s ion  along a i - i c- I - ic crc-c ’
c- in cause C to c- - - rv I - c’ a Iac~ o i F  of ’ I” or  even 10.

(hi The c ct -o k o - - ° c- - - - 
~~ 

it- b a  of the no:: le (-c- .. i t I ~c - i m l  or loon —

~ i o t i t i i )  w i t h  reel e ct to n c - g b : no - el s . ~o i o c c i c f r a t i o i t  i s  r I i ~~CV ’ - ;  h’
p r o p o r t i o n a l  tc o no::le elevat t o i l  ; i h o v c -  t h e  b ot tc - t r , w i t h ’  cc’nc- ’tc —

r a t  i - a t .  i n c r e a s i n g  i-ap i d l i v  ttec cr the fed (Fig . 1 9’) - Cone - --c t m - a t i c - F r

above a ripple coo t mciv h oc I c -  ~r or f i v c -  t i m e s  ‘ ne a t e r  I ho ’ o n  i t
r’pp b e  ~t’c - i g h s  (1 , o i rc ’- i ld , I9SP ,o . h i N t - c s  15 , 19. fl i ; o : I I I  0c-
that most sanrp1e~ c 1  c-c I I r  ~i Crc -  were  I c c c  c - i ti~ in 1 I d ~dc~ I t  t im e -

iiol f o i l o

error occurs in ~dcuo~ il v i ng t - :ca~~ p o s i t  - ‘n to cc-t cl - I j c - l r  t c
p o i n t  where S = 0. hr i ni- c- a I so Oc - ~~1 “1 icc - c-or i f lu  c - r i  o r -  l i t -  - - ~m nod r o  r c c - .

h u t  t h e e arc I l o I O I I h i t  t u  he le o- c - i t - - l - ~~ r t c t r t Sr)ort’ce .c cci c’C t i t l  s r  I L II I
due t o  t h e  ! 1 I iS V j O t~ ~~4 ’ t h e  tcorc ~~I e  - - - l t i  y r  t o the i - ~~~- C I O d C 5 , o sI ’Li i n c e i I

IC - ) I J  T’ I - ( - S
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IV . POTENTIAL APPLICATIONS

1 . Coastal Engineering.

A primary reason for coastal engineering interest in suspended-sediment
- 

- 
concetitratioris in the surf zone is to estimate the contribution of sti ct ci cded

-
~ sediment to littoral transport. There has long been an i n t e r est  in u s i n g

such concentrations, along with longshore current i- c c - I c - c i t y  m i d  surf zone
area,to predict longshore transport (Watts, 1953). The measurements in this
report indicate a difficulty in characterizing average suspended-sed i t oicn t
values in the surf zone since concentration rises rapidly near the botti~n
(Figs. 19 and 20), and is influenced by many variables. In addition , cr c - n-
centration values are low , averag ing less than 0.2 part per thoirsand in
the measurements reported here , and only occasionall y rising above 1.0
part per thousand .

Fairchild (1973) suggested that suspended-sediment concentrations in
the surf zone increase with wave height in the same trend that suspended
concentrations increase with depth in u n i d i r e c t i o n a l  open channel  f l o w s .

The data also show that suspended sediment has a smaller median size
than the contemporaneous bottom sediment . This is expected since it is
easier for the terrbulence to maintain smaller sizes in suspension . Suç n
a size differential provides the mechanism for sediment sorting , both in
the longshore and onshore-offshore direction . Data on t h i s  s ize  d i f fe i -cn -
tial should assist in the design of beach fills arid in a better underst,:cm d-
ing of longshore transport.

2 . Longshore Transport Example.

Order of magnitude estimates of the contribution of suspended sediment
to the total longshore transport rate have been made by iVatt s (1953), Calvin
(1973), and Fairchild (1973). This section presents a modification of
previous examples. From the data presented , it appears that most of tic- .
suspended sand is within an elevation F~ = 0.4 foot of the bottom , and that
C LO parts per thousand is a characteristic concentration within that
zone very near the bottom. A continuity equation for longshore transport
rate , Q, based on the amount of sand transported through the near-bottom
surf zone is:

Q = 0J~3 CL~ W\’~ , (3)

where 0.65 is the conversion factor between concentration by wei ght and
effective volumetric concentration (Calvin , 1973, p. 965), h\’ is the width
of the surf zone , and V 2 is the longshore current velocity- . For the surf
zones in this study , W is 300 feet or less under ordinary conditions.
Usually, V~ is less than 1 foot per second (U.S. Army , Corps of Eng ineers ,
Coastal Engineering Research Center , 1975 , p. 4-47). Evaluating for Q
with C = 1 part per thousand , E4 = 0 . 4  foot , V~ = 300 feet , \-‘

~~ = 1 foot per
second g ives Q = 91 , 000 cubic yards per year. I-c- ab uatio n s of Q, thus
computed , are about 10 to 20 percent of long-term estimated transport rates
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at the sites , even though contribution from storms , during which when most
of the transport occurs , have been omitted. If suspended-sediment transport
in storms could be included in the e v a l c 1 cct i o n , the factor  of 10 to 20 per-
cent noted may increase significantly. This suggests that suspended-
sediment transport is an important factor in total longshore transport rate ,

L but that the fractional proportion of Q, not including storms , may be
relatively small.

3. Future Studies.

This report identifies improvements needed in future field studies of
this type. It is important to be able to sample as close to the bottom
as possible , without disturbing the bottom . It is important to know more
precisely where the nozzle elevation is with relation to the bottom , both
with respect to elevation above the mean bottom and with respect to the
ripp le crest. It would be useful to measure the variation in concentra-
tion in the longshore direction , possibl y by simultaneously sampling frorti
two positions along the same ripple crest . More bottom samples are needed
at the time of samp ling to better correlate the size differences between
suspended and bottom samples . The wave conditions , including height, period ,
breaker t y p e , and distance to breaker line , need to be measured at the same
station as the samp le collection if wave conditions are to he better cor-
related with suspended-sediment concentrat ion. Data co l l ec t ion  under hi gher
wave conditions is needed .

Finally , ti-re data presented in this report , especiall y- Appendix A , can
be further anal yzed to yield a better understanding of suspended sediment
in the surf zone . A s t a t i s t i c a l  ana lys i s , a ided by phys i ca l  theory ,  of
d i m e n s i o n l e s s  combina t ions  of the independen t  va r i ab l e s  in equation (1)
would be especially appropriate.

\-‘ . CONCLUSIONS FROM F I E L D  STUDY

1. Concen t ra t ion  decreases l o g a r i t h m i c a l l y- w i t h  e l e v a t i o n  above the
bottom , except very near the bottom where concentration may he hi gher
than a logarithmic extrapolation would predict (Figs. 19 and 20).

2.  C o n c e n t r a t i o n  increases as wave hei ght increases relative to local
wate r  d ep t h .  Concen t r a t i on  rises rap id l y- to maximum va l ue s as the  wave
I c - - n r c  the height -to-depth ratio of 0.8 (Fi g .  2 5 ) .

3 . Plung ing breakers appear to suspend the most sediment and sp illing
breakers the least (Fig. 26).

4. Median size of the suspended samp les d ecreases gradually with
elevation above t h e  bottom (Figs. 10 and 11). There is some suggestion
in the Ventnor data that the med ian size of suspended particles is larger
at the center of the breaker zone t h a n  i m m e d i a t e l y  to e i ther  s i d e  of the
breaker zone (Fig. 12). Also , there was less variation of sand size with
nozzle height in the smaller size Ventnor sand than at N-igs Head.
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APPENDIX A -

COMPILATION OF SUSPENDED-SEDIMENT DATA -

- mp ilation of data from suspended-sediment c o l l e c t i o n s  at the  Ventnor
Cit . °ier , Ma - 1965 (Table A-l) and the Nags h ead Jennette ’s Pier , Ap r i l
1964 Ta b l e  A- a ) is as follows:

No. beading Descr iption 1

c - n - o l e  No. Consecutive number of sample collection pump-
ing (missing numbers are samples which were dis-
carded or below minimum sample weight).

2 Concentration of samp le (in parts per thousand)
by wei ght .

3 Stc - s . So. Station number is distance ( in f e e t )  from con-
crete wal l  on landward side of boardwalk at
Ventnor and the shoreward end of the pier
deck , landward of the dune line at Nags Head .

‘I F N o z z l e  hei ght above bottom (in f e e t ) .

P 5- Nozzle intake velocity (in feet per second).

° Significant wave height (in feet) from gage at
station number 1015 at Ventnor and station
number 650 at Nags Head .

7 oh Water depth (in feet) at point of sample
collection.

S S Hor i zon t a l  d i s tance  from the  breaker l i ne  t o  t h e
sampling station at the time of the sample.
(I)istances to stations landward of the breaker
line are positive.)

9 - caPer t )-h-e ldentified as: sp, spilling waves ; p,
plung ing waves; and spp , spilling-
plung ing waves.

10 D i s t ance  ( in  f e e t )  from s a mp l i n g  s t a t i o n  to
SWL-heach slope in te rcept .

U T Significant wave period ( i n  seconds).

12 T— i a  Scater level (in feet) ;nbove or below MS1 , .
1See also Svmi~ols and b I e t ’injtions 
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T,l,le A- I .  Sus pended -sa nd si -, r - o g  di’ - , V . ‘ ‘ ,or . ‘leo O r ’ ,,, , - May 1965,

- - 1
~~~~~~~~~~~~~

, : 1 : 1 1 0  p H o~~~u 12
S-am ’-i e  C Sta , No, E I V . 1~ 4 S B r e a k e r ! 8, j 1, T ide
N c . - typ e I

- - j  l i o n If ’ /o )  I - ) O f ~~~) (It ’ (ft) I ‘s7 ( f t )
—4---— -1 -- —

t o  0.129 425 0,28 
- 

‘4 . 3  1 5 5  5, 00 7 5 op 2 10 5, 1- .2, 00
21 0.056 425  0.53 24 .6 1 .4 5  3 , 0’” I 25 s~’~’ 2 13 - S.C .1,30
28 (1. I . :  -0 2S  1 .41  - :  . 41 1.C-6 0 0001 10 spp 19 3 5 , 0  *0 .6 0
a: 1. ” 52  42 5  0 .2 - i  - 20.7 i - ta  ; . — c - 1 spp 57 5 .0  - 1 .6 0
33 2.0(04 4 2 5  0 . 2 4  5 . 1  1 2 0 - 2 . 8 0 - i -S ,pp - 57 6 0  - 1 , 1 0 5
34 1 245 42 01 0,34 I ’S i . x n  :~~: 

- — 1 0  - spp 0’ - - -  - -1. 63
35 0, 041 42:, 0.44 20 .0 1.2’ 2.68 -lO t opt’ 57 ~ ,çH -1 €:
36 0.754 425 0.58 21 .2 - 1 . 1 1  2, 7,0 -10 j c-op -~ 5- -” 5.0 ~1.60
3’ J. 0000 i n ac -c- 0.1-6 2 1 . 1 1 0 0  2, 70 - 101 - OPt ’ 60 - 6.0 -1 ,60
38 0.90- ’, 425 0.76 ‘5 i -Il 2 , 70’ -0- ~pp - 5,00 5 .O

~ 
-1.5 ,01 I

39 mr- Sc- I 425 0.408 19. ’ I t . i 5 -  2.72 - o c t  op 60 5 .0  - 1 . 1-0
4 1 - 0) 075 425 0. ”5, 20 .9 107 2. 701 - 10 op ( 1  

- 5,0 — 1 .001

~ (528:- ‘-21 o. -~~ 21,9 1 . 0 -  . ‘li -1 (5 
~~ - 0 - ;  - 5 ,0 -1. 0- fl

-12 0.10 3 425 0.510 22,10 l . A  2, 70 - 0 0 ’  spp n 6 - - 
- 5 0  - i s- ’)

* 5’ 0.715 425 0 4 1 0  - 22,2 ‘o . 2 2  2 . 75 +2 ~ ‘pr I ~3 0.0 -l OS
o, -1~ 7 423 0,38 22,3 I 1. 21 2.81 as, 5 . 3 , -1,50 -

1 0 .5,1” 425 (5 35 0 
~J1 1 . 11 2.8; 15 - p 73 5. 01 ’ -I -I ’

- - 

— 
40, 0.5 - 6 4 35 11 .4 0 ,  1 (- , 1. 3 1 c - O s  15 p ‘9 - 0.0 — I -t O
47 0.53 -1 420 0 2 0 1  11 .5 1,59 2 °-i 23 - p j 75 5. 0 ~1 . 400
48 1, 3 10 -0 .0 oc-no : - 1 .35 2 90 25 701 0 5.0 -1. 31 -

SO 1 . 004 -173 2 . 2 2  20. 1 1. 27 1 .5 5 op 90 6.0 —0 . 20
51 (1 . 01 3 425 2, 05~~ 10 .1 0 1 .27 3. 5 0  5 -  ‘p  101 - 5- 11 . 0 , 60
57 (0023 -03 00° 25 .8 1 .0 7 . 7 1  5~ 1’ 002 6.0 —0.50
53 0,510-1 .1 25 0.4 3 I 22 3 71 3.R~ Ill ~p 101 5 ,0 — 0 .401
54 0 .12 01 -02 3 (1 . 15 01 1 ~ 0 ~0 0 1 .90 0 1 1  p i t S  6,0 — 0 .30 ’
or- 0 .1 11 41~, 0 .51 , In , a l b .  4 flmi ( 20 op I ll  6.01 ; -0.20
7’ cc- - i -  os 0 . 7’ :‘ : ‘ - 

~-s  25  o p I~~S ! 
~
. o ,  -‘.10

511 U, ’-7 ~ 121 0.0’ 0 , I 4 I ~, n  ! op 119 5 .0 -0 .20
61 0,i ’iS 375 0 .10~ 2 7 . 9  I . 04 ~ 3. 010  -n

~~l - i’O 10.0 * 1 . 00
0 0 _  0 . 107 3 1 1 , 5  ( 5 0 °  0 - t . o6 7 ,95  --0 p 10 50. 00 ’ * 1 .0 1 5
54 0 .519 375 (5-0 .5 7 n . j  1. 87 - 3  p 160 5 0 I  - 1 . 81,
5,5 5 -152 375 c’ .~- 26 - a 0 , 4  3 . 0  - I n- p 15 10 8. 0
6o 0.00cm - 375 0.5 - .5. 1 8 1 3 . , - 13 p iso I 9.0 .1. 1-5
o-7 (5 -134 175 ‘ 0. , c - 7 .~ - 1 . - tn 2 .55 -23 ’ p 13 - - 9 0 -1.55
610 (5538 375 0 .0 - 0 .2  

- 1 001 1 . 0 10 - p 10 - 5 ( 1  
- 

.0 4 ’
0 .5008 07 ,. 0 - 1 , .  o i l  n - , p 137 0

0 0.4 ’ -t 3’7 0 , 4 ( 0  25 .9 - 9 52 . 0~~ 23 p 120 8 0 ;  *0.85
7 0 (58-1 5 375 0.08 35 .7 - . ~~s’ - -

~ 
p 100 8 ,0 ’  -0. 0- 1’ -

02 0.533 375 0,58 I 24 .o - 1.05 , 1 2 ‘-2 -7 p - 0~ 9.0 *0 . 002
7 1 190 0 075 000 24 . 0 1 . 7;’ . 2 1 -’ p 80 0 1 - .0 - * f l ,1t
74 1 .8 - ; - .0’S 0.7’-~ ‘ t i  - 1 .4. 7 2 - t ’~ -7

~ 
p “8 n

71 1.3009 0 3’S 0 . 1 2 . 4  ‘ 1 . . , . . - s-c , ( 1 0 —0 . 01!- -
71, 1.11 3 375 0.85 0 22 . , 1 -7 4 I - 0’ -0 9 , 0 ’ ’  — 0 , 0  -
77 0 4 ( 10  - 4 1 3  n r c -  - 11’ 20 p I 7’ IC ’ -1 . 52
‘II 2 . 00 435 0 . 2 .  0 .3 ~~~~~ 3 . 2 5 ; p - l o S  - 1 . 5 5
79 0 . S( ’( 135 0, 5 4 2 .8 . 0  3 . !  ‘ p ‘2 9. 0 1 — I c - - ’
1011 0 3 . 5 7 2  

- 
435 01 . _ I .  2 0 .3 I .5 28 10 . 0 3  - l ~~~, 0 70 8 .0 , - 1 . 6 7

81 (0 Ii)  0 435 0 .53 - 14 .7 1. 6 0  - 59 - 2 9 0 )  
~

- ‘V f 10 — 1 . 7 1
‘. ‘1,~ - - 43 S 0. 60) 7 . 1 1 . 9 0 -  .1. 0 1  . 0~ 

- - 0 ) 0 0 ( 0 0~
8 .11 0 , 80 ,5 .115 (s.’l -  1 0 . 3  1 2 0 7 1 . 4. 05 2o0 0~ 01) 1., - 0 . 0 ’ , i 5 , 0  -

84 0 ° c -  4 15 0 . 2 3 - . ‘ -~~l 1 . 8-1 7 . 5 3  0 5 ’ - p  - 5,~ 1 i o , 0~ . 1 8 0
10’ (( . 73 1 - 436  0.23  0 - ) ,,, 02 7  3. - - 2 ~ 0 I s o -  i- ’~ 

- - ‘ , l - I ’S
Si - 1, 7 7 3  - 43 5 0’ . i (57  I 2 . 0 0 )  7 -3 -2 0 ” - - - °- I (08 ‘ (- .0 — 1. 75 I
87 1.000 - 1 ) 3  0 4 10  17 .5  - .90 ~. ‘o 1 -131 - -i’ 68 1 0 . 0  . 7.1

o 85 00’’ 43 5 0 . 5 1  0 1 . ) 2 .11 2  3 . 1 7  
~

299
1 

o p 7 2 10 . ; ’ ’  _ 1 . 63
80 0. 4 1 . 1  I 435  ‘1 . 01  ‘. 7 2 . 50 3 . 7 0  77- - 7 ’ 0 0 ’  - 1 . 6 0
90 0 0 ) 57 - , oo i  ~, 2 2 1 21 .9  I i . , , r ,p — - o

~
, 2 ( 1- 0 1 0 . 0  *1 58

9 1 (5080 430 ( 5 2 1  2501 1 . i ’  0 0 . 8 ’ - - sy 204 1001 .3010
92 0. 091 430 (53 ’  2 6 . 1  0 1 ,06 5 ’ P  .1001 c- ‘ 2 1 1  10 .0 * 3 . 70
93 0. 0 56  -131 - 0.31 I( . S  I 1.66 5012 - P S  op 2 1 1  1001 - 1 . 7 2
94 0 . 1 4 7  430 - 0 4 1  0 . 0  1 . 66 6 . 0 2  - 4101 sp 2 10 10.0 -1 .83

L ~~ I ~~~~~~J ~~~~~’ ’ !  0 .50  2 0 . 7  3 .17  1 ( 5 ?  5 op 2 1 ’  - 0) - 1’
~ 

. 3 . R~
I54-~ d,~t a .

5
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Table 8 - i . ‘ -  on , ’ , , O_ s a n d  sj r~~i in; d a t a , Ve r ,,no r .

rS~~
i e C  st 

~~~~~~~
I p  ~~e~~ er ~~ I 

Y

I ° /o o) ( f t  I t /  I ‘ I  f I f  O f  m o 0 5 3
— --—h- ~~~-~~- —~~-~~~- —- —

~~
--±--

0)6 0. 090 - - P .~~7 2 5 . 7 I , - s 6 . 1 2  - 2L  ‘ 101 0 ’  . . - ‘

0~’ 0 112 430 0.69 26.3 1 8,- 40 -1 - 5 c- I 21$ 0 10 00 • 0 - 4  - e
‘0 0  0 025 430 1 0 5  2 6 ,5 1 ’ S  6.19 -88 c--p 0 215 10 0 • . -09

1 9 0  0 “2  11 ‘ 2 10 7 1 0’ 1 . 1 3  6 . 1 °  ‘ ~~ 
215 101 , 3 -1 ,99

101 “ 0 0 1  430 1. 48 25.8 1.65 6, 1’, -I’ ,, - spp 214 11 .0 *1.93
102 ‘ 0 , 035, 430 1. 77 2 0 0 . 5  - 02 6 . 10  .oS app 214 1 0  0 ‘09;

0 104 0. 0 3 ,  110 ’ 2 5 00 2 1 . 8 1  5 .92  - ‘~ 
2 1 1  1 0 . 0  - ‘2 0 c-I

108 0 074 4 0 1  2(0 33 0  1 . 2 4  4 . 20’ - . , . c--p I . 41 8 .0  000) ’)
00 0’ 1C~’ ‘5  (‘ .3 0 0 0 , .  ( . 1 0  4 . 0 0  ‘85

~ ~~ I 1 10, 0 - .0 1

111 0.. 140 430 ‘00 23.7 1,10 3.95 - n ci’’  oc- r i o - o s
11 2 0.20 . 1 1 1  1’ 10 ,_ 8 3 . 10 3. 0-I .85 sp p ‘.4 ] I I  0 -0 - -

113 11. 10, 0 .50 0 -19 2 8 1.34 3.78 ‘85 op .. 32 11 (0 -10 ,
117 0,017 .110 ’ 1 . 2 0  7 1 . 0  1 0 2  - 3 -0 - — 8 ..°O’ i “ 3 1 1 , 0  — I  ( ‘1
118 0,21 - (- 0 1. 18 19.6 ‘ .11 10 , 2’, .800 app 82 0 10.0 -1 .
120 0.174, 47 0.01 19.5 0 18 3” 8 -2’ app ‘‘ 11.0 - l
121 0.185 4 1- 0.18 l’1 7 1 . 2  3 . o i ~ - -2 5  app 0, ’ 11 .0 - I . ) ’
122 (: 11,5 43 0 011 15 ,6 1 , 09 3 001 .2 .  spp - I, ’ 11.0 - - 4
123  ( . 0 3 7  ‘II , - . 0 2 0 0  0 . 1 0  3 (10 I *25 I S3,p I (07 1 1 , 0  - l  4 .
124 0. 070 4 71 0 0 ‘0 19 .6 1. 1 0  3. 90 0 .00 - spp 67 ‘. o j  ~i 4
. 2 ! -  0 , 0. 47 1 ,0  0. 0 8  20 5 1 211 1. 103 - ‘‘ 0 1 0  6’ ‘. 0 ‘ d i
‘1 0, 002 0  43, - 0 . 0 1 5 . 2  1. 15  3. 3 .25 spp 1,0 10.0 . 1

0 17  0 ,090 0 0. _ s 10 .0 0.85 3 , 00o - spp — :  - 11  0 - ,  1- ‘
10.0 0 2 3  I 4 3 0  ‘ ‘ 5  0 0 .01 _ _ _ I - 12  ,2~ ~pp ‘~‘ , ~ - 28 - -

10 I’ 053 -130’ ( . 45 ( 1 1 5  - -- -  3.18 .,, - - 
app 80 - - ~ _ I

131 0.023 -i S I ’ S  19 , ’ . - —  3 , 2 0  .01 spp 80 - -  I 20 - 
- 7;

‘1. 0,095 II ((.29 19.8 - - -  3.78 I .2 5  c-’r 83 - - -  - -1 .02  - .
‘ -

01 , 0.105 40)0 26 , 0 . 7 - .  - 3. 4 - 01  s~-~ 80
13 -i 1, 210. 339 - . 12  1. 8 1 8’ 2. 11 0 ~~

‘ p 109 ‘.0 • 0 28
135 0 . 5 - 3  0) . ’ 0, 4 2  2 1 , 2 l.S’ j 2.14 , .9 p 110 ‘- .0  - , . i l
13(0 0 .~,4.* 3-1 ’ 0. S0 1-1 .9 ‘ - 2 .0 I I p 314 40 (0 . 0  4 -  -
- ‘ 0 , 1100: 34 10 (0 5( 0 i I 74 , ? 7 . 2:- I .) I p 3 1 7  

- 
00 *~ 5 -

i ’ S  - m - 3.8 0, ’ 0 ’  - — al ° 2 .  tO ( — p 1_ I ’  j 1 1 . 0  — 5 0  -
‘1  (0 . 00’ 0 ’  I ’ . ’-” 24 .5 - - 4~ 2.40 1 0 5- ( 2 1  I t 0 -

I41) I ‘ ‘II Ii’) (0 ‘ - - 25.2 1 1. I 2 4 7  — 
~‘ 

0 2 . ’ 7 I I .. ,,.

( I n  ‘ i  0 ) 5  0 , -O i l - 2 - 4  ‘ - 1 ‘ c - .- ~~~ I- 0 , 1 6 . 0 0 . ,
( 4 .7 1 ,71(1 ~0 0  ( 0 . 4 ) 1  2 1 . 30 1 . 1 1 0  2 ’S- I . o }  p o . - -s , o o ~ -
l i _s _ 8(0— 1 ‘ 1 0  (0 _ S I )  2 -I , ’, I _ - I l  I .‘ ‘ — - I — ~‘ 0 ‘1  I ~(5 . —

1 4 - I  (.4 3 1  ~1~’ (0 53  24 .8 l 7-* I 2. i’i~ ‘
‘ P 0 0 . 0  8.

145 u . 6 5 9  I I ”  1. 0 0 1  00 .5 1 , 0 7  2 . 10 r j 120 11 ~~I
1- lb I ‘ . 150 34 40 0 , 7 (1  - I S 1 . 1 2  2 . 00 - p 119 1 0 0 , , - 3 ,

0 I i 00’ I 1 1 0  (1 ,91) 2 1 .8 1 . 23  2 I 3 - ‘ p 1 1 0 7 0 ’ .  - t  0 ’
- - l ~~ I 0) 082 - ( l ’ l  ‘ ‘ 0 S~ 00 . 0 - _ 2  ( 0 5 , 4 p 000-1  7 1’ - ‘ — -
o I i ’  - 0 . 0  l~~ ,S . 3 5  0 (02 ,‘ I I  . 0 0  0’ I I ’ S 8 . 1 ‘- I”

- S I 14 14’ (( (‘S 1 8 . 9  . 35 - I’ll ~- p 3 02 7 ,0 - 1  0.
i i  0, 00 ’ ’ 0 0) 1 , ,  9 . 4 1 .~~~~~~82 .1 p 101 - 7 .0 -o  00

I - 2  0 . 033 ~~7 0o ( 0  21 2 20 1  I - “ I 8 . 00 4 11 p 4 4 1  7 , 0 -0 , 51’
153 0 ,055 I 770 0 . 26 2 1 . 6  1 , 0 , - 7 ‘5- 1 1 0  p ‘ * 0  9.0 - 0  6 ’

0 . 1 2 )  374 - 0 , 4 10 25 01 1 15  2 , 0 0  - -- ~
, ~~ I 11. 0 ~~~

0 56 10 0. 73’ 04 “ .510  2 5 , 2  3 . 0 1. 11 I -8 p 85 ‘50 0) oI 4
(6 ’  ( ‘0 03 -0 314 ‘0 ‘- 1 b . C 1 .31 2.13 

I 
*1 p 94 5 , 0 *0 5.

‘-8 0. 303 374 0. 1.1 2 5 . 5  1 .30  2 . 00 “. p 100 I ~~0 *0 O-
69 0. 014 37~ I 0. 88 .5. 1 1. 40 2 4 ! -i p 104 I 7 .0 50

- 7 0  0 ,2 36 37.5 0 . 9 3  25 . 6 1 . 12 ~~~~~ P 0 O ~ 10 . 15 ‘P 8
U ‘ Sn  173 0 . 98 2s- . 2 3 , 1 4  2’ ~5 • ‘ -  I spp - (25 - 4 0 1 )  0’

173 (0, 0122 374 1 . 1 8  26. 3 00” . 7 .  0’ 0 0 0  ( 0 0  8 . 0 — 1  1
374 00 0 - 5 4  074 1 ,2 8  2 6 . 0  ‘ - ‘  I 7 ‘7 ‘- 0t’r I 12 40 — 0’ •1 1’
375 0, 0-31 . - 374 1 . 3 8  2 6 . 5  i , i s j  7 83  0, ‘p p  129 I 9.~ 3~~
76 0 077 m74 1,43 25 .7 1,24 2.87 -6 spp 3 2 * 1 I 7 . 0 - 0 . 2 ’
:00 (5016 1074 1 . 70 26.6 t .03 11 0 -  *32 app 136 5- (1 I4 4
181 0,00’ 374 1. 9 3  2 6 . 3  1 . 1 3  1 , 08 ‘32 app 1313 ‘.0 * 1 4
183 0 .0 1 9 374 2 .08  25.8 1 . 25  3 . 1 0 , - 3 ?  , spp 1~~’ , 0 “ , 1

I)~ deS

~~~~~~~ L
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Table A-i. Suspended-sa nd sampling data , Vcn tnor ,
Ne w Jersey, i-lay 106 5. -Continu e d

~~~ 1 2 3 4 5 6 7 8 9 0 I I  3 2
Samp le C Sta . No. 11 V t I~ d S Breaker c- ,, T8 T i d e
No. type

(O/on ) (ft) ( f t /a )  ( f t )  ( f t )  ( f t  0 ( I I )  ( a )  ( f t )

‘0 184 0 .064 374 2 . 2 9  2 5 . 5  1 . 1 6  3 . 1 1  .32 app 14 1  9 . 0  - 1 . 5 0
185 0 .01 4  374 11.48 28. 17 1 . 3 0  3 . 1 3  *32 app 143 7 ,0  ‘ 1 . 5 2
186 (5026  374 0016 2 7 . 5  530 3 . 1 4  .32 app 1 3 3  701 ‘ 1 . 5 3
187 0.108 374 0.66  27 .6  1.04  3 . 1 9  — 1 2  app 145 ° 0  — 1 . 5 8
188 0.176 374 0 . 7 6  2 7 . 2  1 .08  0 .2 0  * 12 spp 146 8 . 0  .1019
188 0.024 374 0.83 27.0 0.95 3.21 .39 app 146 8.0 .1.60

~~~~~ 190 0 .028 374 0 .93  2 6 . 8  1.00 3.24 .39 app 147 6 . 5  .1 ,63
191 0.019 374 1.03 27.2 1.05 3.24 .39 app 147 8 . 0  • l . 6 3
192 0.019 374 1.13 26 .6  1.41  3 . 2 4  .39 app 147 7.0 .1.63
193 ( 5 0 2 3  374 1.15 26.7 1.14 3.15 -30 app 144 7,0 ‘1.54
194 0.024 3’4 525 26.3 1.40 4 3.11 .39 app 142 7 .0 1 5 0
195 0 . 0 2 2  374 1 . 3 2  2 5 . 2  1 . 2 4  2 2 1  *39 p 95 5 . 0  -0 .60
196 0. 043  374 1 . 4 2  1 6 . 1  1 . 2 4  2 . 1 6  .39 p 94 8 . 0 .0 . 5 5
197 0 . 1 4 0  374 0. 42 2 5 . 7  0 . 9 5  599 .39 app 80 7 . 0 — 0 . 3 8
198 0 . 053  374 0 . 5 2  2 5 . 8  0 .89 1 . 9 4  .39 app 78 8 . 0  +0 .33
199 0 . 049  374 0 . 6 1  2 5 . 3  1 . 2 7  1 . 7 1  .39 app 58 8 . 0 - 0 . 1 0
202 0.380 374 0. 42 2 4 . 6  1. 0 3  1 . 5 1  — 1 6  app 48 7 . 0  -0 . 1 0
203 0.096 374 0 . 5 2  2 4 . 8 .  1 . 0 3  1 . 3 3  -16 app 41 8 . 0  - 0 . 2 0
22 4  0 .087 374 0.60 2 2 . 5  0 . 8 4  1 . 2 9  -16 app 31) 1 0 . 0  -0 .3 2
205 0.1 10 374 0 . 4 2  2 4 . 3  518 517 - 16 app 37 9. 0 -0 . 44
206 0.156 374 0.42 23.1 1.03 1.13 -21 app 36 7 . 0  - 0 . 4 8
207 1.413 360 0.37 20.9 0.87 1.15 -3 p 40 14 0 -0 .25
208 15275 360 0.37 21.7 0.90 1.20 -8 p 41 1150 - 0 . 2 0
209 0 . 443  360 0 . 4 7  2 3 . 4  0 .94  1 . 3 2  -3 p 43 1 2 0 1  -0 .08
210 0 . 16 9  360 0. 47 24 .2  0 . 93  1 . 3 6  -3  p 45 1301 - 0 . 0 4
211 0.165 360 0 .57 24 .4 0.98 1.60 -3 p 52 1 1 . 0  .0 . 2 0
212 0.099 360 0 . 5 7  24 .6 0. 83 1 . 66 -3  p 55 10.0 -0 ,210

2 213 0.0033 360 0.67, 29 .0 0.89 1 .83 0 —- 5-3 3 0 , 0 *11 . 43
$ 18  0 . 093 3*11 0 , 55 .‘4 . 10  0 . 87 3 . 5( t ) - 5  p M l 3 1 . 0  .1( 5’)
2 1 0 )  (1 . 0 .3(4 3(41 0 _ I(3 .15 .9 0 . 101 2 . 3 3  * 3 0  p 3 3 1 0  01 _ I ) *0 _ I l l
220 0 .033  360 0 . 0 3  25 . !  0 . 8 7  2 . 3 3  .10 p 1 1 3  1 3 . 0  *0 . 103
221 0. 078  360 0 . 3 5  2 6 . 2  0 . 8 5  2 . 5 3  —s op 115  8 .0  . 1 . 1 3
2 2 2  0 . 1 0 5  360 0 . 3 5  2 5 . 8  0 .83  2 . 5 5  .5 op 116  (50 * 1 . 3 5
223 0 026 360 0. 45 2 6 . 4  0579 2 . 5 9  -10  op 117 8 . 0  - 1 . 1 9
224 0 039 360 0 . 4 5  2 (53  0 . 9 6  2 . 6 0  — 1 0  op 117 9 . 0  *1 .20
225 0 . 0 3 3  360 1555 26 . 4 0 . 8 2  2014 - 10  sp 117 7 . 0  .1 .24
226 0 . 0 2 8  360 0 . 5 5  26 .3  0 . 8 3  2 . 6 5  *10 sp 118 801 .1 25
227  0. 094 360 0 .65  26 .4 0 .79  2 .69  *10 op 118 1 2 . 0  *1 .29
228 0 . 1 2 0  360 0 .65  2 6 . 2  0 .87  2 . 6 9  *10 op 118 8 . 0  - 1 . 2 9
230 (50 .119 360 0 . 7 3  26 .2  05 77  2 . 7 0  .10 sp 118 1 0 . 0  - 1 . 3 0

— 232 0. 030  360 0 .80  2 5 . 9  0 . 8 7  2 . 42 - 10 op 119 9 .0  .1 .02
235 0 . 200  360 0 . 3 5  26 .3  0 .80  2 . 1 0  .7 sp 80 9 .0 ‘0 .70
236 0. 0 53  360 0 . 1 5  25 .8  0. 76 2 . 0 8  -7 op 78 10 .0  -0 .68
238 0 . 0 9 2  360 0 . 4S  2S .2  0 . 8 2  1 . 9 0  * 15  op 65 8 . 0  -0 .50
239 0 , 1 2 1  360 0 . S S  25 . 2  0 .85  1 . 77 ‘15 op 61 9 . 0  *0 ,3 7
240 0 . 068 360 0 . 5 5  24 .8  0 .98 1 . 7 5  -1 5  op 60 8 . 0  —0 .3 5

O 2 4 2  0 . 1 4 1 360 0 .65 24 .9 0 .67  1 . 5 1  - 1 5  sp 49 8 . 0 -0 . 1 1
242 15220 360 0 .65 24 . 4 0. 86 3 .4 9  - I S  op 49 9 .0  ‘0.011
24 3 0 . 1 S 5  3(00 0 . 7 3  24 .5  - - --  0 . 9 8  ‘ I S  op 33 0 , 4:
244 0 .2 0 1  360 0. 73 2 3 . 9  - - - -  1 .00  - I S  sp 35 0 . 40
245 0 . 2 3 3  360 0. 3 S  to 0. 73 23 .8  - - - -  0 . 8 2  - 15  op 30 0 . 510
24 (0 0 . 379  360 0. 73 to 0. 35 

- 3 9 .5  - - - -  0 .80  -15  app 29 0 . 100
247 0 . 59 3 385 0 . 39 22 . 5  1 . 0 5  1 . 6 7  -10 app 63 9 .0  - 0 . 8 1
248 0 . 5 2 3 385 0 .39  20 .2  1 . 1 4  1. 68 -10 app 63 8 . 0  -0 .80
24 01 0.296  385 0 .39  23 .9 1 . 2 0  1 . 8 1  -10 app 65 6 .0  - 0 . 107
25 0 1 0. 403 385 0 .49  24 01 1 . 1 2  1 .98 - 3 0  app 67 3 1 . 0  -0 .50
25 1 0 . 6 5 7  3810 0 .49  24 .5 1 . 3 5  2 . 0 2  -10  spp 67 1 1 . 0  -0 .46
232 0.339 385 0 .59  2 5 . 0  0 . 9 1  2 . 1$ -10 app 67 7 .0 -0 . 3 3
253 0 .5 03  385 0 .59  24 .3  1 . 1 3  2 . 1 8  —10 app 67 9 . 0  -0 .30
254 0. 350  385 0 .69 25 . 3  1 . 1 6  2 . 3 0  -1 5 app 83 7 .0 -0 . 1 8
255 0.265 385 0.69 25 .2  1 . 2 4  2 . 3 8  -15 app 87 8 .0  - 0 . 10
256 0 . 104  385 0 .79  2 04  1 . 0 9  2 . 5 8  -1 5  app 93 8 .0  *0 .1 0
1 34~ ds t ~ .
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Table A - i .  Suspended-sand sa mp l ing data , Vent nor ,
New Jer sey. May 1965. -Cont inued

-

- 1 2 3 4 5 6 7 8 9 10 I I  12
Samp le C Sta .  No. C V0 H~ *1 S Breaker S8 T~ Tide

No.  type
(O /oo) ( f t )  ( f t / a )  ( f t )  l f t (  ( f t )  ( f t )  ( a )  ( I t )

257 0.3 70  385 0.79 2 5 . 8  1 . 1 4  2 . 6 3  ~~~~~ spp 94 801 . 0 . 1 5
258 0.085 385 0 .85 2 5 . 9  1 . 1 0  2 . 8 3  - - — -  app 104 6 .0  - 0 . 3 5
259 0 .079 385 0 . 8 5  2 S . 7  100  2 . 8 8  - - - -  app 107 - - - -  *0 40
260 0 .036 385 1595 2 5 . 8  1 . 1 5  2 .98  — - - -  app 109 8 .0  . 0 . 5 0
261 00112 385 0 .95 2 5 . 6  1 . 3 1  3 . 04 — 3 0  app 110 8 . 0  .0 .56
262 0 .267  385 1 .04  2601 1 . 2 5  3 . 1 8  .10 app 11 5 7 . 5 .0, 70

L 263 0 . 046 38S 1.04 26 .0  1 . 3 8  3 . 2 1  *5 app 116 7 .0 ‘0. ’3
01 264 0 . 3 1 5  385 1 . 1 4  2 6 . 5  1 . 0 6  3 . 2 8  ‘5 spp 119 8 . 0  - 0 . 8 0

265 0. 0 16  385 1 . 1 4  2 6 . 0  1 . 1 9  3 . 3 3  .1 app 121 7 .0  *0 . 85
266 0 . 0 5 3  385 1 . 2 4  2 6 . 0  0. 93 3 . 3 8  *1 app 123 10 . 0  - 0 .9 0
267 0 . 0 2 9  385 1 . 2 4  2 6 . 2  1 . 1 6  3 . 4 0  - l  app 124 9 .0  .0 . 93
268 0 .07 5  385 1 . 3 3  2 6 . 2  1 . 2 3  3 . 4 8  -S app 126 8 . 0  . 1 .00
269 0.085 385 1.33 26.0 1.20 3.49 -5 app 126 9 .0 - 1 . 01
270 0.033 385 1 .4! 26.5 1.10 3.54 — 3 0 app 128 8 . 0  ‘ 1 . 5 0 -
271 0. 022  385 1 . 4 1  26 .1  - - - -  3 . 56  - 10  app 129 1.08
272 1.062 385 0.32 27.2 - -- -  3 . S 8  -15 p 129 - - - -  *1 . 1 0
273 1.370 385 0.42 25.8 — — — —  3 . 56 — I S  p 129 — - -  .1, 08
274 1,144 385 0.52 26.3 - - -— 3 .54  - 1 5  p 128 ----  - 1 . 06
27 5 1 .127  385 1560 26.8 - - - -  3 . 49 - 12  p 126 --- - *1.01
276 2 . 0 3 5  385 0 .67 2 5 . 1  - - - -  3. 48 -12  p 126 -- - -  * 1 .0 0
277 2.433 385 0.83 23.6 ---- 3.46 — 3 2  p 125 - — - -  - 0 . 9 8
278 1.973 385 0.88 26.3 1.62 3.38 -10 p 123  6 . 0  .0 . 90

‘ 2 79 1.035 385 0.97 26 . 1  2 . 2 2  3.36 -10 p 122 6 . 0  - 0 . 8 8
280 1.259 385 1.09 26.0 1.90 3.19 -20 p 115 5 . 5  -0 . 71
281 1.197 385 1 .18 25 .4 1.90 3, 11 —2 5 p 13 5   ‘(0  ( -1 )
282 1 .60 6  385 1 . 2 6  25. 8 1 . 7 6  2 . 7 8  -2 5 p 104 6 .0  .0. 00
283 1 . 9 1 0  385 1 . 3 6  24 . 5 1 . 76 2 . 7 6  -35 p 102 7 .0 - 0 . 2 8
184 1.455 385 1 .45 2 4 3  2.01 2.68 -35 p 99 8 . 0  07.01
286 2 . 560 385 0 .3 1  26 .1  1 .64  2 . 5 1  -15  p 91 8 . 0  .0 . 03
287 0 . 98 2  385 0 . 4 1  11 . 6 1 . 6 0 2 . 47 - 1 5  p 89 8 . 0  -0 , 01
288 2 . 601 385 0 . 5 1  24 , 3 1 . 8 2  2 . 3 8  — 1 5  p 87 9 .6  -0 . 1 0
290 0 .034  425 0 . 4 7  2 5 7  1 . 6 2  2 . 8 0  .20 p 52 8 . 0 - 1 . 3 0
201 0’ -091 425 0.-I: 21 .0 1.77 2 .81 .10 p 52 6 , 0  — 1 . 2 ~
11’1 1511 7 425 0.57 21 , 7 1.50 2 .88 ‘20 p 6S 6 . 0  — 1 . 2 2
2 ’ S  0 .0 7 2  425  0. 67 21 . 6 1 . 7 3  2 . 9 9  - 1 5  app -‘ (‘ . 0 - 1 . 1 0
294 0 0 . 0033 425 0.74 24 2 1.89 3010 .15 app 74 6 . 0  - 1 . 1 0
295 0 . 0 18 4 25 0 . 8 2  23 . 4 1 . 7 !  3 .05  ‘10) app 75 8 . 0 - 1 . 05
2 96 0 . 0 4 1  425  (0.9 1 23 , 5  1 . 4 8  3 . 1 2  -10  app 77 1 1 . 0  - ‘ -  98
1) 7  0 .02 1 4 2 5  1.0 2  2 1 .3 1 . 6 2  3 . 1 5  — 2 5  spp 79 9 .0  - 0 . 9 5
2I’~ 0.030 425 1 , 1 9  24 .2  1 . 62 3 . 30 .1’) app 89 0 .80
303 0 014 425 1 .37 24 .8 1.80 3 , 85 , 0 0 .  app 1 29 9 0  .0 1 00

304 0 . 0 1 6  425 I 1 ’  20 , 6 1 . 6 3  3 . 92 .13- app 1 1 °  0 .0  -0 , 18
305 0. 3 1$ ‘I c-. 3 . 5 6  24 .0. 2 . 1 0 3 . 9 5  -~~ app 129  601 -0 . 1 5

00 * 0 ’  190) 0. 46 19.1 - -- -  1 , 12  -20 app 58 — — — -  •0  10
110’ ( 10127 350 0 . 4 6  20 . 9 - - - -  1 . 1 4  -40 app 60 0’ 12
000 .  - -  ‘(4 00 , 0) 0 . 5 6  22 .9  — - — —  3 . 1 ’ ,  — 4 0  app 60  — 0  I d
309 0 ) 1 0 0 1  3 00 0 0 . 5 6  2 3 , 2 - -- -  1 . 1 7  -40 app 60 0 0 15
3 3 0  0 , 0 1 0 0 8  35i, 0. 4 ’ - 2 00 . 4 1 . 6 9  10 1 2  - 2 5  app 80 6. 0’ - ( .50
3 1 1  . 935 0 1 - 0 0  0 . S 6  1 1 . 7  1 . 56 1 . 5 3  - 2 5  app 80 11 . 0  ‘0 ’ . 1
3 1 2  0 . 1111 3 . 0  0.66  2 5 . 4  553  1 . 5 7  .25 app 82 1 0 . 0  -0 2 - 3
3 3 3  0 . 900  350 0 , 7 3  2 4 . 9  1 . 5 1  1 . 5 8  -25  app 82 8 . 0 ‘0 . 5 6
3 14 0 0 . 1 1 ( 2  101 0 )  0 . 8 1  2 4 . 0  1.89 1 . 5 7  - 2 5  app 82 7 . 0 .0 .55
3 15 - ‘ . 1) 4  3100 0.9 1 24 .9  1 .64  1 . 5 7  -25  app 82 6 . S 0 7 . 5 5
016 01 . ‘43  05 0 1 1 . 0 0  2 3 . 6  1 . 4 0  1 . 5 5  -25  app 81 6 . 0  — 0 . 5 3
3 3 7  0. ‘(- 4 3S0 1 . 1 0  1 6 . 9  3 . 7 5  1 . 5 2  -25  app 80 7 .0 .0 .50
3 1 8 0 . 62 10 350 0. 43 2 5 . 7  1 . 5 2  1 . 5 0  -25 app 77 801 *0. 48
3 19 3 . 0 8 3  350 0 . 5 3  2 3 . 8  3 . 9 1  1 . 4 7  -25 app 75 6 .0  03 . 45
320 0 . 9 4 5  350 0 .63  2 5 . 0  1 . 5 2  1 . 4 2 -2 5 app 74 7 .0  *0. 40
0 2 !  0 . 644  550 0 .70  19.9 1 . 4 8  1 . 41 -25 app 74 7 . 0  ‘0 .39
3 2 2  0 . 748 350 0.80 20.4 1.49 1.17 -35 app 60 7 .0 ‘0 .15
323 1 . 5 2 3  350 0 . 4 3  2 4 . 0  1. 49  1 . 1 0  -35 app 58 6 . 0  .0 .08
324 0.686 350 0 .53  24 .0  1 . 3 7  1 .03  -35 app 57 8 .0  .0 . 01
l p~~ d it s.
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ToO-Se . 1 1 - 1  - Suspended-sa nd sanp l 0 ,~~~, ‘ eo ot o - o - -

1 5 +  O e i 0 0 0  - Nay 0 9 6 5 .  - ( .oost inu e d 
~~~~~~~~~~~~---~~~~~~~~~ .— --- - - 

-

i e c I Sta No F V (I~ S Bre :ker s~ I de

0° / ’~ o ’I , f - . 
p 

c - -  o~~~ ’ I f t 0  - C t )  I - T I )  I I t o

~

-- 
I

013 .709 0 390 0 . 0 -  0 1 7  1. 25 .0211 1 - 10 ~p I 2), I 7 o3~ 32
320 0 ‘1 -4.1 - 3 9 0 0 0 -0’. 0 . -I 1. 23 0 0 1 2  — i  0 0 . ~’ , 01 70’ . — 3.
017 1 1 3 .0)3 390 0016 2! 4 ~~~~ 

- . ‘ -o o~, 38 .0’ - 0 . 8
-
~~ : .01 I 0 . ’ 1 4 0  I 13 (0 o. ’- - , 22 0 I 1. 1’ 0~) ~~ 6 . J ~ 1 5

:110 1 . 0 1 3  390 0. ..- 2 , 1 . 0- 1, 12 1.0 - 1 —0 -p 55 - 7 .0 , - 0 °  ‘0
P0- . .31) - 

~~ 1 99)1 0.70, - 24.0 1. 14 ‘5.30 0 s~’ OS 7 ,P~ -0 4

I 5.11 0.25-) - 9 90 1 0. 01 3 2- o s  1 . 18 1. 7 5  0 op T M 0 . 4 0  . 0 0
- ‘12 0017)- 3001’ 0.91 23.8 0. 98 1 , 0’’ 0 -3) I 00 3 00~~~9 5$
I 333 0.123 390 1.00 24 .2 1 . 31 2 .30 0 :- ‘0 ’ . 0- , - 00 00
- 331 0.151 I 1.10 1-1 .3 1 1 0 1 2 .07 IS op 1.1 0 ~ . 0. , 51 2).

335 1 -09, 5 155 0.10 - 25.9 1.16 1 2.09 0 ‘.p - 90 .u
~ 

‘0 . -1)
.00 - ~ -1 4 ‘ 355 0 . 0 0  - 01.0- 1. 1 9 1 2 ,000 0 so ° .340 ‘. 0 ,  ‘07 ‘.-l

337 0 . 5 00 10 I 355 0. 60 01.0 1. 0 9 1  2 1 1  0) 031 9,’ 6 
~‘I 

-0 . 01-
338 I ‘ T I . -  - 3102 0 73 200 .2 1. 33 2 .0 .) 0 op - 602  7 . 0 - - -  ~I ’ 9

I 0018 
:~ 

~~ ~~ 
0’

i - l I  0 .:’.’ I ~SS 1 029 25 . 5 ‘ . 3 ’ 7 . -I 0 p 0,7. ‘1 )~ ~0
1 34 2 (0 353 355 - . . ‘ ‘

° 1-1 .8 1 5  2 . 2 o - S O  op 9.5 (-~~ .
~~~- “ I

. 7-13 0.109 355 (.1’) 0 75.0 1.19 1 . 33 - ( 9  op 95 - 02 - ( 10
- ~ o -l  001(o. - 35S 1 . 1 $ - I 20.2 027 2 .36 - 0* ‘.3) ‘0), 0, 10 — ( ‘ . 8 0

1-I s  3 . 4 5 0  3S 5 0 .34 ’ (9 , 7  - - - -  ‘ 3 op 97 - ‘0..
0 1 1  ‘ ITS 355 0.54 24.9 — — -  2 . ’” — 2 0  op ( 0 . ~ _ _ _ _

~ - - 13
° 3 - 1 7  ‘.830 355 0.64 01 4 .66 -8 p 103 - - - -   - 1 2 0

‘ 0 1 ’ 0.-I -Il SIc- 0.78 2’ .’ I - 10  p 50) - - - - I  ,~ +~I 3SO ‘ 0 . 3 0 2  I 3 0 .  0.87 16.7 ‘.83 — 1 0 n 00’ - 39

i 702 1 1 . 02 0 I 1055 02.07 17 .1 ‘. 1 0  — 0 0  p 1-7 — i  - 1 . 4~
~~~~ ~~~~~~~ ,‘s 1 . 0 7  2 6 . 1  — — — -  2 ,-I — 1 0  app 308 .( I, -
353 0.-IS O I “‘1. 1 .16 18.1 -— — — 2.92 — 1 0  app 108 - - ‘ -

102 -1 0.343 I 9)05 1.15 16.0 ‘.08 -10 app 07 - - - - , . 1 . 4 2  I
3105 (50.-I . 1 2 0  t , I I - 2 54  --~~- 2 .70, -1 0 ‘.0’~ hO ’ - -- -  - 1 . 3-7- I
5-6 0.383 055 1.33 1 12 .00 - -- - 2 . ”) -s app 105 --- -o .~ 01

I 501 0.273 I 3540 1 . 1-1 1T~.4 - — - —  3 . 2--I — I S  app 1” .2 . -1. 14
358 0.333 7-00. l. ’ 2 I  23.4 — — -  3 .50 -25 app 101 - - - — i  - 1 . 1 5

p .059 1 .o03’ 1 427 0.111 :2.0 ~( ‘11’ 56
1 ‘‘J ‘ ‘0-0 ‘ 42’ 0.36 1 22. 3 ‘.50 07 ‘.010 53 l . ’13

O 01 1 0.512 .127 0.1 -  23.0 -- — — 2 1 0  *11 app  52 1. 00 I
- 1 0 2  ‘00-13 327 0.55 23 .5 ‘.30 ‘0 app - ‘.02,3

9(00 0.511 427 0.’-2 12.9 -- -- 2.20 .17 pp p -15 ‘. 10
I 0105 0.049 427 0.91 21.8 ‘.30 ,i~ 0’P I 0 , 900 0

016 0.lI~ -12 ” 0.91 22. 4 - - — —  2 . 5 3  - ‘ op c-I
367 0 9 427 1.01 72. 1~ — —- — 2 .60 ‘-c- op 105- -- -~~~ - 1 0 1 0
368 1 . 1076 427 1.12 22.5, — —— 2.4-5 .37 ~ p - 51~ - - - - 900

350’)  0 . 029 427 1.21 ) 23 .0 ‘ TO  .37 .
~
, 09 - - - - i  - 1. 52

o 0 LaSt 427 1 , 10! 2 1 . 50 - — - — — 2 8) ’ .57 op 0 0-0 0 ~~~~~~~ 
- 30

0 1  11 .068 427 1 . -I ‘ , 8 ’ .00  op ‘ -110
300 (1.028 4 2 7  1.46 22.8 ‘.90 - 1 0 ”  0p (0 1  - 0  - 03)

I ~~ O ‘ . 0116 127 3.56 01.0 - 
2 . . ’)  - 2  op 0’~

I ~~ 0 ’45 1’’ ) 0.41’ :1 , 1 9.91 —Il op 15 — - — — -  -(500

0 77(0 “.521 3.1 ’) 0 . 5 2  2 5 . 0 — - - - 0 . -’ .’ -1  op 43 ---— i I)
‘ 0 0 7  0 . 3 3 1  31’ ) O.a2 .1.1 . 0’ — _ — 1, 101 - 21 ap 0 -I - I

‘ 1 0  0 .61 ’- 34°) 0.7 I . 0-7 - 2 1  ap - .1.1 0 _ IS
- 000 0 .5 36  74 ’) 0 . 8 0  2 5 . 0  — — — — 3 . 1 7  - 1 1  op ° I — 0 .25

101 (1 , 511’) 3- i - 0.12 15 . 4 —— —- 1, 22 -21 op 45 (5 ‘. 11

382 0.568 349 0.5. .10 - -- - - 3 . 7-2 -6 op - 4 ’, - - . -  I -- . 10

I ‘1 .504 7-19 0 .62  2 5 . 1  - — — — 102 -6 op - -I l 0 31)
- ‘ ‘ 1  9 .349  7 - I T  0. 7 2  2S~ 4 - - - - 1 . 5  -6 op - 4~ -- ‘ - 1

385 0.303 .0.1 7 0.78 25.5 ——- — 1 4 -  - 0~ op 17 - - - _  I -0 . 53
1 3 106 0 .2 8 5  10-13 0 . 0 1 0  2 5 . 0  - - — - 0 . 5  -01. ~p  - 

-
~~

I 157 0 . 3 1 0  349 0.9 1.53 -11 ap 4 8 - — __ , 0’
048 0 . 2 1 1  349 1 . 0 7  2 4 , 9  -— - - 1 .50- -Il ap I ’  - - -

- 9” 0 . 2 5 0  349 1 . 1 6  2 5 . 4 - — — — 1 .62  - 1 6  5r I 0. 70 -
OP 0.328 349 1 . 2 5  24 .8  -- _ - 1 . 6 3  ~1 1  o p 49 - - - - i  -o . ;1

1 No -Ja ta.
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‘oo;Ioi e A - I .  Suspended-sand sarn p i  tog 0 0 0 t ; o . ‘o e o i t o O c - -  -

Ne~ Ii ( 1 0 ( 3  - (-4a~ 19 t - .  - — _ ‘ml. Oo o oo(-C.
, - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
-—

1 2 -~ -~ I ~ 
° I l ’ o  - Il 1.

r (ole C Ste o 3 I 1I~ d S I
, 

1 6 0 , 1  I

( 0 f ~~~ ) 
- ‘ft ) - I f ’ s )  ( f 7 . )  I f~ ’ ( f t  I I ~~ (a) If s )

U ~~~~~ 1 0 0

t

1 8
’ 3 

-

- 
3 ’ S  3 . 0. 1 ’  4 2 ’ 0, 02) ’  23 0- H - - -  ~~ •~ - ° “~7 - 1  P I 0 5 1

I ‘( “1 0 .100 -11” 1 (‘ . 40 24 .0  ~~~~
_ _ 3 o . j  .41  p 92 - - - -i  -oo~ I

.40o05 0015~ - 12 ” C . S 6  13 . 4 - -- -  3 . 5” ~4 7 P 
~~~~

- !  - 0 “C-
- 02 (0, 0 I ~70 -5 . 0701- 6 ‘“ 0- — — — —  7 . 7 - ?  . 5 ’ , p — 

71)7 1) 0 50,  
I 

- ‘ 0016 2 1 0 7  L.._ 3 .2  4
, 

p 8 i _ _ . _ H 1 0 0 I
‘ I :~ 0 ) 2 + -101 0 .80 24 ,0 H -- - 3 . 1 1 !  ‘. 12 r ~~~~~~

‘

I ‘ ( 7 -  (1 . 10 1 0 -0 . 7 0 .~~-),  01 0 - _ _ — 3 , 0- 0 . .  — 3 2  
- r 7 - ’  1 1 0 1 5 -

. 1 0 0 0 0  0 00 ‘ ‘ 2 2  -‘ 01 1 . 1, 2 7 , 01 ( _ _ _ _
~~ 1 . 2 0 0 ,  072  1’ 10. 5 1 -

I 
01. 0 02 - ’ 427 0 . 1 1 ,  2 2 0 -  - - - - I 2 , 83  *01 p 5 - ’ 1 0 1 - -

.5 0 00 11 . 4 0 ) 0 7 .  I 427 1 .24 2 1 . 7 I ---- 2 . 56  -2’ r 0 - ’ 1 6:,
103 0.023 .007 3 . 3-1 2 2 5 2 - 0 1 1  ;- 5- ’  -1 ’- ’-

7 0 , 05 ’- - 12’ 0 . 1 0 0  2 2 . 0 -- - - 7 .5 1 p 59  - 1 . 0
- 0. 1. 2 6 .101 0.17 - 1 2 5 0  -- - - I  2 .51  . 7  p 59 1 . 71’

( - . 0 7 ;  
I 

4 2 7  1. 15 2 1 . 0  ~_ I 2 . 5 3  .
~ p 59~~ 

I ‘ 0j °~~3 12 7  10 .7 5  7 2 . 3  “ — - - - I .3 . 0 1  .22 
0

5 0 0 1 0  (1 . 1( 2 ))  I - 1 7 ”  - 0.4 
- 

:2 . 1-  - ‘ 2 ( - 2  * 72  p o—1 I os
1 1 , 1  0 ( 0 1 0 1  - 

~I ( 7  . ‘L -l , I 2 - 0 . 1  - - - - 1. 4 0 ’ o 2  ° 14  0 .3 ”
- -~ 1 1  0 . 0~01 7- 1-2 0 . o s  01 .7 - - - - 1.:- 5 I .12 

~ 59 0. 15 -

- ‘ 0 2  0 . 2 3 7  5112 - 7 - 5,5 2-1 .8 — — — —  1 . ’ - ’ -  ‘ 12  p ( C o  0 ) 2  
1

- 10 3  (‘ I - O S  3102 ‘ 0 . 7 - 1  2 4 .9 1 — — — —  1 , 78 . o 2  p (‘0 - -- -  - . 0 8 4
11)  0. - I ”  ° 5I’ (‘ . 3 2  I 2 5 . 0  I - — - - 1 1 97 - - — - p 61 - - - -  o0 .~ 

-

0 .039 3oo~ 0 .95 2 3 .6  
~~~~

L2-’° — _______ 

61 - -- -

1 No data.



‘1

Ta h I e  A - 2 , So,o p c a ded-san , I  s a m p l i n g  data . ‘),, .,~ Hea d . North Caro l In a
A pril 1964 ,

1 3 4 S 6 7 01 9 h a I t i  11
Sample C ‘s - .  No . II V~ I~ 4 I R r e * 3 e r  S~ T 8 T i d e

(0/00) ( I t o  I t t ’ s) ( f t  I (It) (ft) , ( I t o  ( a )  (I’)

1 0 . 1 1 1  3 )0 2 . 5 - 1 0  0 . 1 9  2 0 . 5  0.70 8 0-I ‘~~ ‘ ap 81 8 . 9  -0 . 810
— 0.102 311,9-h 0.19 20.1 sp ‘-0 - 9 . 3  - 1 . 2 1 0
3 0 . 599 3 ) 0 2 . 5 - N  0 . 1 9  18 .9  - - --  2.53  op 0 .1- 9 . 1  - 1 . 2 9
4 00 , 1 1 0 -I 3 5 2 . 5  N 0 . 1 9  20. 7 0 . 8 3  1 3 00 - —  op I 60 8 . 8  - 1 . 4 3
5 0 . 2 3 7  3 5 2 0 1 - 0 0  0 . 1 9  1 9 . 7  0 . 8 3  2 . - l o P   o p 61 8. 8 — 1 , 4 2
6 0. 82 3 3 ’ 2 . 5 - N  0 . 3 0 )  21 . 0 1. 3 6  2 . 44 - — —  op 63 01 . 7  - 1 , 108
7 0012 1 3 5 2 . 5 — N  0 . 3 9  20 .1  1. 3 6  2 . 44 - —  o p 63 9 , 3 - 1 . 38
8 3 5 2 . 5 - N  0 , 18  0.87 ,5,49 op 64 I ’ O . I  - 1 . 30
‘1 0 .060 3 5 2 . 5 - - N  0 . 5 8  20. 4 0 . 8 7  2 ) 0 2   “p I 401 . 1 0 . 1  - 1 . 3 0

10 0 , 0 6 3  3 ) 0 2 , 5 - N  0. 0) 2 1 . 6  1 . 3 1  2 0 - 2  31(1 ap 68 8 . 5  - 1 . 2 0
12 0.006 0 5 2 . 5 - h  0. 17  1.17 2.82 31 3 op ‘-1 8 . 0 — 1 . 0 0
13 0. 031 7.5 ,2 .5-N 0 (7 2 1 . 0  1 . 17  2 . 8 6  3 1 3  op I 7~, 9 0 0  -0. 011,
1-I 0 .016 5 5 2 . 5 - N  1.16  1 . 1 7  2 . 4 0 9  51 00  op 83 8 . 0  - 0 . 8 3
15 0 .005  I 301 , 7.- ’) 1.1 6 - - — —  1 . 1 1  3 . 01 0 1 3  op 84 9 .0  — 0 . 8 1
16 3 5 2 . 5 - 0 0  1 . 65 - - - —  1,11 3.12 305 I “p 1 5 3  9 .0  -0 . 70
17 3)02,4 0 - N  1 . 6 5  - — — —  1 . 1 1  3 . 1 9  305 op 155 9 . 0  -0 . ) - ”
18 0 288 0-1 .-N 0 . 19  22 . 4 1 .00 3 . 2 0   op 15 5 8 . 9  -0 . 61
19 0 . 0 3 1  3 5 2 . 5 - 5  0 .6 8  2 1 . 6  1. 0 0  3 . 3 4  — op 15 8 1 0 , 9  — 0 . 1,8
20 0. 014  300 2 . 5 - N  l it ,  - —  1 . 3 1  3 . 45  op 3 60 ‘ .3  —0 . 3’
2 1 0 . 0 1 9  3 5 2 . 5  N 1 . 65 - - —  1 .3 1  3 . 5 4  20 0 5 ‘op 35. 2 8 . 3  - 0 . 2 8
22 0 .059 257 . 5- 3  0. 19 11. 1 1.37 0.86 270 )  sp 72 8 5. . 0 0 , 0 0 9
23 0 , 0 4 4  2 5 7 . 5 - N  0. 011 19 , 9  1 . 3’ 0 .99 ,5 70 5p ‘ .1 5 . 8 0 . 1 6
1-1 0 . 045 . 2 5 7 . 5 - N  0 . 5 8  2 0 . 9  3 . 2 8  1 , 0 1 270 “ p 75 3 . 8 0 . 1 8
25 0. 030  .102 ’ S - N  0. 77 101 . 1 l,.c - 0 - 1 . 3 1   op 77 3 , 00 0 . 1 o 1
26 0.04 4 20’ S - N  0.10 1 2 1 . 2  1 .2 8  1 - 73 220 “p ‘8 3.8  ‘(‘ . 1 0 ’
2 7 0.064 257 .40 - 10 0 . 1 0  2 0 . 3  1 . 2 1  1 . 2 3  220 )  op 0 01 . 1  0. - l I
28 0 . 1 1 8  28S -h  0 .20  2 1 . ” 0. 51  - 2 . 1 4  290 p 11 5 1 1 . 5  0 - 1
117 0 . 1 1 8  295. -b  0 . 3 3  20.  0. ’-I 2 . 1 1  240 0 p 1 1 5  3 1 . 5  0 , 9 2
30 500 -N 0 . 2 0  — — 0013 13 .89  310 p 323 I l - s 0.53
31 500 -5 , 0 . 2 0  ---- 0.73 13. 07 3101 p 323 1 1 . 6  (‘ .52
32 500 - ‘. 0 . I ”  - — — —  0.81 12.92 0 1 0 0  p 320 10 . ” 0. 1’
33 500 - 0 0  9. 49  (1,103 5 2 . 9 0  101 0 ’ p 510 1 0 . 9 0015
34 500 - 10 0.107 ‘ 12 . 7 0  - - -  p 3 17 - - - -  0.15
35 500 - 00  0.017 12 . 6 8  — — —  p 3 3 6  1 0 . 0 ’  ~ ‘ I 0
36 500 - 00 1 . 9 5  -- -— 0.95 1 12.48 - --  p 313  1 2 . 7
37 50 00 -N 1 . 11 5  0 .9 5 1 2 . 5 2  - - -  p 31 4 0 2 . 7 - 0 . 04

38 51(0 - 1 0  3 . 9 0  — — 008 0 l 2 - ~~” - ‘  p 3 10 i l . ’~ -0 . 2 3
39 500 -N 3 .1)0  0.81 1 5 2 . 3 4  - - -  p 3 10 1 3 , 9  -13 .20
40 500 —N 5. 85 - ‘  0 .70 1 2 . 2 4  3 4 0 5  p 0 ’ -  1 1 , 5  .0 34
- II 5013 - 10 N I ’  - - - —  0.70 12.20 353 p 307 1 3 . 5  -0 . 09
-11 500 - .  780 - - - —  0010 1 2 . 08 355 p 305 3 . 5  -0 .51
43 500 - ‘)  7 . 8 °  - - - —  0010  2 , 03 3513 p ‘°4 31,1 -0 , 5)-
44 500 -0. 9, _ I  - - - — (1 . 73 11 80 - 0 50 0 p 300 1 2 . 2
- ( S  500 . 00 0. 7-I  0 . ’’) 1 1 - 8 - 350 p 300 2 . 2  -0 .”
I l ,  500 -5 30 .71 — - — - - o (5 I I  - 01 — - —  p 10’’ ) 10 1 - 1 . 63

47 500 -00  3 0 . 7 ,5  — - - -  0 . 8 2  1 1 . 0 3  - - - p 20 1 1 0 ) -  - 1  1 . -I
48 500 - 1 0  0 , 1 ”  — - - -  (~. 0 0 1 11 0 0 1  I I - ’- p 20 1 I l . ” ‘ 3 ( 5
-10) 500 - 00 0 .20  - -- -  0 . 9 !  1 1 . 00 0 5 . 5 . p 20i 1 1 . 9 - -
50 500 -b  0 , - I ’ ’  - - - -  0.98 I I 0 i~1I I s ) .  p 201 1 1 , 3  -1
51 500 - 11 0. 11 - - - —  0 . 9 1 0  10. 19 I l - I -  p 10’l 1 1 . 3  - I ’s
52 0.06 5 .0-1 - 0 -  0 . 19  2 0 . 2  (1 . 80 0 . 5 ’ -  0 ,02. op I S  1 0 . 9 - I  ‘-Il
53 0 .03 6 15 -1 - 00  0 . 1 9  - -- -  - 

10 . 8 0  0 . 1 7  1 ) - S  op 15 30 .8 - 1 , 63
54 ‘9-I -N 0.39 - - — -  I 0 9 0  0 . 2 3  36 5 op 1 ) -  1 0 . 8  - I  - 9
40 5 0 . 0 10  2 _SI - N  0.39 - - - -  3 . 3 5  0. 15 14 - S op 3 6  3 1 . 6  - 1 . 406 I
50- 3-1 N 0 - 0 - — — — — 1 . 3 5  0 . 2 8  I ’ S .  op 0 ),  11 5. — i  -I
57 ‘0-1 00 - 0 .5 8  I - — - -  l O S  0 .30  165 op 17 1 1 . 0. - 1  1-1
58 10.1 -N 11 . 7’ - - - - -  t ’ , ”(. 0. 40 165 sp 18 1 1 . 2  - 3 , 43
59 ‘ I  - N  0 . 77 - - — -  00 ’OR 0 . 4 3  165 op 19 3 1 . 2  - 1 , 40
60 234 -N 0 . 9 7  - - - -  00 (9 0 . 6 1  165 c~- 12 1 1 . 2  - 1 . 2 3
61 234 00 0 .97  - -- - 0 .98  0 .6 1 165 s~’ 22 1 1 . 4 - 1 .0 1
(-2 234 - 0 -  1 1 6  - — — -  0 . 9 8  0 .67  - - —  -r 23 1 1 . 4 - 1 . 18

~l’eo d it a.



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table A-2 . Suspended-sand samp ling data . Nags I lead , North Caro l ina
April 1964.-Con tonued

1 2 3 4 5 6 7 8 9 10 11 12
7 Sample C Sta. No. 0 V~ H8 d S Bi-eaker S

~ ~~ T ide
No. t ype

(°/oo) (It) (ft/a) (I t j  (I t )  ( f t )  Of t ) (a) (It)
~~ 

.,~..._ l 234 -00 1.16  0.98 0.69  op 24 11.4 -1 .16
64 234 -5 1.35  0.85 0.89 201 sp 29 11 .5 -0 ,97
65 234 -N 1.35 -— 0.82 0.92 210 op 29 11.5 -0 , 94
66 0.328 1,34 -N 0.20 25.5 2 .18 4 .70 210 sp 72 6.6 ‘1.14
67 0, 463 234 -N 0.20 24.4 2 .38 4.72 210 op 72 6.6 1.15
68 0,452 234 -N 0.39 23.7 1 ,82 4 .74 210 op 73 9.2 3 .17
69 0.457 13-I -N 0 ,39 25.5 1 .82 4.76 210 op 74 9.2 1.18
70 0.2’(2 234 - b 0.39 24 .5 2.00 4.78 210 op 74 8.0 1. 3 8
73 0.514 234 -(4 0.39 23.2 2.00 4 .77 210 op 73 8.0 1.17
72 0.183 234 -b 0.59 23. 7 1 . 73 4 . op ~2 6.9 1.1 4
73 0.777 234 - N 0.59 22.1 1, 79 4 .74 — — — sp 72 6.9 1. 3 3
74 0.105 234 - N 0.78 23.3 1. 73 4, 7 2 — —  op 71 6.9 1.10

• 75 0.320 234 -N 0.78 21 .8 - - - -  4 . 7 1  op 70 -- - - 1.09
75. 0 , 4 , , ’ 2.14 -N ’ 0.98 21 .6 2.00 4.61  op 66 8.7 *0,97
77 0.185 234 -N 0.98 21.2 2. 00 4.59 -—— op 172 8.7 0.95
.0 0.235 1 0 0  -N 1 .38 21.7 2.00 4 .S 2 - - —  op 169 8.7 0.87
‘9 0.361 234 - 00 1.39 10 ,4 2.00 4. 48  op 168 8.7 0.83
80 0 ,153 .01 -00 1,37 16. 5 1. 92 4,30 --— op 161 7 ,2 0.64
81 l. 7~ -I 234 -(4 0.20 20.’ 1 ,92 4 2 8  I —— — sp 161 7 .2 0.62
82 1. 438 134 - b 0 .20 20.6 1. 71 4. 11 —— — op 154 6.8 0.43
83 1. 5.89 13 -1 - 0~ 0.39 20.2 1.1 2 3.88 --— op 146 6.’ 0.19

0 94 0.951 234 -N 0.39 19.2 2.12 3 .87  op l AS 6.7 ‘0 ,18
(S 0 .331 ‘408 -N 0.19 21.5 1. 52 9.89  op 585 8.4 -1. 52
86 0 . 0 0 9 1  ‘58  -N 0.19 20.5 1. 52 9.88  op 585 8.4 -1.53
87 3 ‘ ‘ 0 2  “510 3 0 . 39 2 1 . 7 1 . 72 9.77 — - —  — —  5 100 7 . 5 —1 . 60-
88 0.070 1.8 - 40. 0. 001 20 ,9 1 . 72 9.77  -- 580 7.5 -1.66
89 758 - 00 0.58 -— 1 . 72 9.71 — —— 578 7.5 - 1 0 1
91) ( ‘ ‘ 0 5 .  758 -00 02 0. 20 .9 1. 77 9.72 —- 578 7.9 —1.72
91 0.025 758 -N 0.97 22.6 2 _ I_ I 968  --  016 8.0 -1 .78
112 0.032 758 -N 0. 17 2 1, 4 7 . 41 9.69  -- 576 8.0 _ 3 79
99 00 , .’), ‘02 8 - 00 0 . 1 5 23.0 3 _ Il - 9. -0 ( _ _ _  - —  576 8.0 -3, 7 9

- -  ‘‘ 8  0- I . 45 - - -  3 ,1 (-  9. 70 — —- 577 10 .0 - 1
025 758 -N I ‘13 0 9.’)  - .  -— 579 9.2 -1 ‘S0) , O i 0 ~I O( 7510 -N 1 . 1(3 23 .4 2, 49 9.70.  -— 580 9 , 2 —1.73
‘17 0 0 ) 0 0 ) , ‘5-8 - N  I ’l l) 5 0  9 . 0 0 0  — — —  —— 582 7.5 — 1 ,5.5 ’

09 ‘2.01 -N 1 , 10 ‘ 29 9.(5 — — —  - —  582 7.5 -l. s8
‘(‘0 0.003 758 -1, 3.91 2 .7 1 - 9j( ,’ - — - - 5105 8 ,2 - 1.63 -

100  7510 0’ 3 . .  1 . 3~. 9. 0 0  - — —  — - 586 8.2 -1 .60
1 (11 0 0 0 9 5 ,  758 0. 4 “ °  SI lo ’ .Ol — — —  — —  593 7 9  - 1.51
101 019 - N I I N   7 3 1  10. 11 -1 — — —  — —  593 ‘.8 — 1,48
3 ) 0 3  758 - 0- 40 ) 0 0  ‘ 1 0  10 , 14 — — —  — — 59’ ‘ . 8 —1.3 9

‘1 P O O P - I  ‘5 .0.  - 0 - 5 9 , ’ - — - .  ‘. 02 , ’ 1 0 2 . 1  — — —  — —  602 8 . 1 — 1 .29
105 1001 0114 -S 0.10 17 ,6 4 . 10 1 10. ’ —— —  —— 5.29 10 .1 - 1 , 4 7
I)’). 0.20’ 758 -s 0 .20 21, 4 4 0 0 1 10 .81 — - —  - —  632 8 .3 — 1 .4 2
10 ,7 (0 (‘0 35.  ‘‘19 -s 0 0 , 30 1 27 .7 3.93 12 .98 ——— —— 733 8 .5 .0.75
3 ) 0 10 (‘ 000 11) 75.8 —S 0.39  3 . 95 12 . 99 _ -— — — 73 4  8 .5 .0.76
109 0.002 758 - .5 0 - 9  - .  1 . 88 13 . ’) ’) - -—  —— 726 8 .6  0.00 4
11 0 0.002 ~~5oS -6 0.58  2 .88 13 .02  -- 725 8 .6 0.81
I ll 758 -5 (0 . 0  1 .88 12.10 6 — - —  — — 721 8.6 0.75
II: 7510 -00 (0 ) ’ ‘.83 32 . 93 — — —  — -  739 8 .5 0.72
11 3 0 3 7  75.8 -S 1 41 21. 2 1,81) 3 2 , 7”  — —  712 8.5 0.56
11 4 7)08 —S 3 . 46 _ _  ,~~. 8 9  ( 2 , 7) 0  — - —  — —  711 8 .5 0.55
115 7510 -S 1.95 - - — —  7 50 8 0 2 . 1 0 7  — —  — —  702 10 .8 0,37
116 0.002 ‘5.9 -S I 35 _ . ‘ 0 9  32. 54  —— 700 8.8 .0.34
Ill 0.008 7 1 4 ) -S 2,32  1.86 13 .87  —— 60-9 9.2 -0 .32
1 18 0.005 ‘1,8 -s 2.92  1,1 ’S 11.83  - -  667 9.2 -0,36
113  0.003 ‘08 —S 3.90  3 95- 11 .77  -. 664 9.2 -0 .42
120 0.025 7510 -S 3.90  2. 17 11. 75  -- 663 8 .9 -0 . 44
3 21 “ 1 758 -S 4 . 8 1  - - - —  2.04 11 . 44  -- 649 8 . 6  -0 ,75
12 2  C, 014 759 -S 4 . 2.04 11 .40  -. 647 8.6 -0 .79
123 (‘ p o l O 758 -S 5 . 85  1.97 10.95 - - —  - —  628 9.0 -1 .23
12 4 J o  02” 758 -5 S_ As 15.7 1.97 10.93  - -  627 9 . 0 )  -1.2 5

1 06, data.
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T a b l e  A - I  - 0 2 . 0 . 0 , ,  (ed - o..(’ - J ‘od. t ~ 0 ag dat a , 10 .,, - . . (lead , ‘io r l 0o C02 1 0 1  m a
-N~or , 5 l O S --I — - - , r o t o , , o e , I

1 1 3 I 5 I- — 8 I 13 Il 12
Sample C —Ia. ‘1,. , ~ ~~ ‘ 118 .4 5 , I ‘r,-,,6e~ J ~ T ide

No. ) S T e  I
(°/oo) ( I I ’ 1 1 5 / , )  (ft 0 11 1 ‘ o f t ) — f t  ) (s) o ft)

125 (1.011 ‘5.8 -5 ~~6 , 82 ~~~ 2.0 ! 10015 ,  -- (-10 8.9 -1.42
111, 0.041 7S8 -s 6.82 34 .0 2.0 3 10,69  --  ( 3 7  10 .9 - 1. 49
12’ 2.9 ( 1)  ‘02~O -s o. 1’) 15 .1 . 2.55 10 ,61 - - —  - -  I ‘- 10 8.8 —1.57
28 ‘ 1-00 -S 10 .1.0 12 .9 2.55 10. 1.4) -—— —- (.12 8.8 -3 ,1. 0

“1 129 0 .126 ‘5-8 -S 0.39 23 .9 2.2 1 10 .52  -- 5.06 8. 3 -1.66
1 30 0 .30 04 7500 —S 0.39 20 .9 2.22 10 .49  —- 0 01 8.8 —l . of

k 
131 0 .103 ‘58 —S 0.5,0 21.1 2 1 ’  10 -5 5 - - — —— - ‘ OO - 10. 8 - 1 , 7 2
132 0.070 018 — s 0.54) 21 .4 2 .38 10. —— 0-05 8. 8  - 3 . 7 5
I3~ 0.055 ‘58 -S 0.037 22,6 3 , 3 0  10.38  -- 602 10 .8 -1 .79
0(04 - 0 ( 0 0 2 - 1  ‘ 4 0 8  -S ( I i ’ 11.6 3.1 ” 10.38 -— -— 602 10 ,4 -1 , ’C-
135 0.026 ‘ 14  -S  I -1,, 23.0 1,83 30.40  -- 603 9. 7 -1. 77
136 0,031 ‘1104 -S 0 , -Il 22 .5 1.81 10. 40  —— 1,03 8,7 - 1. 77
33 7 0.509 300 -00 0.52)  3.12 1 .00’  -- 150 7 .9 -0.23
138 1. 415 300 -5 0 .03 23.2 3.08 , JO(.  -- 151 8.1 -0.12
139 0.532 300 -N 0.39 25.1 3.08 5.18  -- 3 44  1 0 . 1  0 .00

9. 140 0.306 300 -1. 0. 05 1 23 .5 3.08 5.20  -- 35-1 8.1 *0.02
- — 141 0.196 3(0 0) — ‘1 00 .10 24.5 3.93 5 .32 — -- 156 8.0 0.16

3 -1 1 0.083 300 -10 0.58 13.5 3 .911 5.39 --— -- 158 8.6 0.23
14 3 0 . 1 4 6  300 -7. 0 .0 22.8 1. 94 S.49 - -— -- 159 8.3 (0 , ‘-I

144 0.305 300 -00 0 , ’8 23 .’ 2 , 61 5 .40 2 — — — - - I60 8 , 0 0.38
14S 0.1)3 0 . 0 0  - ‘0 0 , 0~~ .10 , 4 3.01 5,74 —— -- 164 8.5 0.0.1
146 0 . 1 5 4  300 - ‘0  ( 0 , ” ’ 20 ,3 3.02 5’S -— -— 165 8.5 0.65.
14’ 0.110 3 0 0 0 )  - 4 0  1 .40’ 12.6 3.31 5.87 — — —  —— 00 - ’ - 04 .5 0016
148 0.104 300 .00 1, - I ,  2 2 . 0  2.96 5 , 0-I - — —  — -  10. ” ( 0 . 2  0 . 14 1
149 0.29 1, 000 -N 1 . 0 0 1  12.5 2.96 5.97  -- 1008 8 2 0.88
150 0.150 300 -5 1 . 3 5 .98   -- 15- 8 - - --  0) 90
151 0.097 300 -N 1.43 12 .7 2.48 6.05  - — 169 8 00 ‘0 , 99
100 2 0.263 300 -N 1.43 13. 4 2.45 6.06  -- Fl) 8.8 0.99
153 0.1 86 3 (00 -N 2 .0 (3 20.1 2.76 6.05 — - —  11,9 ¶1 .3 1. 100 ’
554 0.085 300 -N 2.0’I 19.4 2.76 6.04  -- 160 9.5 0.911
155 0.l4~ 300 -1. 0 . 0 0  01. 4 2.70, 6 .02  -— 11. -I ¶‘.3 0,98
156 0.1’s 300 -00 0.19 23. ’ 2, 71. 6.01 —-— -— 169 00 , 3 0.017
157 0.131 300 -00 0,39 11 .:. 2 .99 5. ’II. - — —  -— 168 8.’. 0 ,0 - 1
158 0 .247 300 -N 0.39 22.6 2.99 S .o -- 368 00 . 1- . ‘ o ,93
159 0.356 300 -N 0.19 16.9 3 .61 4 .15  -- 138 81- -9010
1613 0 .161 300 -N 0.19 14.3 1.61 4 .09  - -  137 14 .5 - 03 . ’)

10 - I 0.148 300 -N 10 , 39 37 ,1 1.63 4 .01 - - — -- 135 8.5 -0.83
162 0.207 300 -00 0.39  1 . 6 1  3 . 0(1  -- 134 8.5 ~0 . 01
163 300 -5 0.58 — - -— 2.61 3.90  -- 132 00 .05 -I. °’2
164 300 -N 0.58  2.61 3,79  -— 132 8 , 8 -I ,o ’ 3
165 l. 3S3 325 — 5 0 ,19 23 .0 2.40 3.48  —— 150 -1. - I -((.80
166 1. 429 325 -N 0.10 22.1 1.40 3. -I”  -- 150 40 —0 , 79
10.7 1.036 3240 .00 0,301 22.9 2.72 3.62  —— 152 6.’ —0 .0,1,
168 0, 58 .0 325 -0 0.39 21 .1 2 0 12  3.66 — - —  —— 152 1’ . ’ -0 .61
160 1 .552 325 -s (I.S8 13 .5 4 .18 4 ,10  -- 159 5,0 -0.08
3 70 1. 19 3 325 —S 0.58 22 .2 4 .38 1 .19 -— —- 160 5.0 —0 ,04
171 0,672 32 40 -S 0 . 77  22 .1. 4 .18 -1 .25 — — —  -— 101 5.0 .0 ,00
3 72 0 .015 325 -S 0,77 22.0 3 ,S4 4 _ I l  —— — — —  161 5 . 3  0.09
1’’) 0 .818 325 — S 0.97 12 ,3 3 .54 4 .4 0  —— — — —  103 5 . 5  0 , 2 0
174 0.689 32 )0 -S 0,97 2 1 .S 3. 51 4 , 4’ —— —— 163 5.1 0.24-
175 0.515 32 10 —S 1 . 49 23. 8 3.51 4 , ’, 7  - —  166 5 . 1 0 . ’)”

3 76 0.’N6 325 — s 1 , 45 10 .7 3 .51 4 .40 0) --— -— 14-5 5.1 *0 , 09
177 0.875. 01 240 -S 1. 01 3 11. 5 .~~~~~ 4 , 1,7  -- 166 - -- 11.48
1 78 0.620 9240 -S 1. 0)3 20 , 4 - —  4 .0, 9 ——— -— 167 - --  0 . 51)
179 0.481 325 -S 2.42 20 .8 2.95 4.82  - —  169 5. 4 0.64
lAO 0. 409 325 -S 2 . 4 2  1 9 . 9  2 . 9 5  4 . 8 3   -- 169 5 . 4 0 .65
3 8 1  0 . 3 9 2  01 2 5 -S 2 . °O 16.2 2.99 4 .86  p 169 5.5 0.60
182 0.547 325 -S 2.90 15.9 2.99 4 .87  p 169 5 . 5  0.70
183 3 . 3 4 3  325 -S 0.19 22 .4 3.00 4 .93  p 170 5 . 4  0. 78
38 4 3 .228  32 5 -S 0 . 3 9  2 3 . 1  3 . 00 4 . 9 4  -- . -- 170 5. 4 0 . 7 9
185 1 .463  354 -N 0.20 21.3 2. 57 5.43  -- 3 93 5 . 5  0 . 4 7
19 6 3.359 354 -N 0 .20  20.6 2, 57 5.40  - - 3 92 5 . 5  0 .45

1 10o data.
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_ _ _

104 o 0.673 I ‘ -6 0. 3’- 20 .0 2.08 5 1 ”  - ‘(0 0 5 . 5  .0 04 -

189 1 . 100, , )  ( 1. -I -N  0 . 59 20 ’ . 2 2 . 0014 I (40 , - - 1 0 0 0  5.5 -0 .13
190 0.9(4 1)0 .1 - 00 0 . 5 - 0  19 . 4 1 ‘ ‘ 0 4  0 .01 .- . , - -  182 5 .  S — 0 . 1 5

‘0 1 1 .115 7.714 -‘0 0.78 19 ,8 I 8) ‘ - ‘ I 0. -I —0 )~ -

~ 192 
- - 0 - 03 .554 - ‘ 0  0. -S 1801 1.86 ~~s — I  - — -  1 58  5 . 4  -0 010

‘93  (0 . 101 7 - 0 10 4 - 1. 0.98 18 . 4 1. 8 ) 4 1..’ - — -  —— 01’ 5 . 4 _ 00 .40
194 “ (.84 ‘5.4 - ‘ 0  0. 10 31 . 9 1 04’- 4 1 0  - . _  — —  015- 00 I ~Q -I )
195 1.5 02 354 - 00 0 . S , S 1 . 500 1 13 - - -  — -  011 5 . 5 ~0 . S 5
196 1 . 1(4.) 354 - 00 0.20 17 .4 1, 5-5’ 1 1 - - -  - -  170 5.5 -0. 50
197 1 .378 040 4 -N 0.39 18 .8 1. 40 0 00 ~~~ —— 168 5.5 - 0 ’  8 )

198 .4- 1 1 65 - I -0 .  0, 3” 16, 9 1 . 4)0 1 , 0040 - - -  —— 3 6 7  5,5 ..(1 5 4 0

199 ‘0 5 . 4 ) 3  ‘4 0 4  - 0 0  0.5 , ’) 18.1. 2 , 1,0 3 ,9 1 - - -  - -  165 5 , 8 -0. 98
200 1 .568 35 -4 -N 0 .59 16.3 2.20 3 ,86 - - -  --  164 5.8 - 1. 09
101 0 ‘03 354 - 0 0  0018 16 .9 1. 0 -S 7S — . -  —-  10- 2 0 4 )  .~~~34
202 0 .425 3401 -5 0018 16 .2 1.65 374 - - —  —— 162 7- 0. - 1 . 15

5 103 1 .101 .354 -00 0,20 22 .2 1 . 65 3 .62 -- - -— 160 S. 8 -I 141

104 1 .71 4 340 4 -5  0.20 13 ,8 1.64 3 .60 — - —  —— 160 5 . 0 1  -3. 28
205 0.692 354 -N 0.31 0 19 . 0- 1 . 49 - -- 158 9.9 -1. 340
206 1 ,613 354 -N 0.33 18 .1 1. 49 3 .40 ! — —— —— 158 ‘( , ( (  - 1 . 37
207 1 .438 354 -N 0. 3)  19 . 1 3, 49 3 500  —— 05 8  04 . ” ~1 6 ”
208 1 .200 354 -51 0.39 38 -I 1 .72 3 4 7  -— —- 35 ’ 5. 0 - 1. 4’’
209 0. 728 .3S4 -00 9 , 3’) 01. 3 3 . 5 2  .3 . 4 3  —— 15 - 4. 5.0 -1 41-
210 0.456 311. - ‘0  0.20 16.2 1 . 85 2 33 -— —- 1 1 3 9, 1 ~ ‘ . - ‘N
2 3 1 1 .181 626 -N 0.110 12 .9 1. 85 2.34  -- 11 4 9.1 -3 . 0’
232 1 .464 326 -N 0.30 2 1.1 1. 85 2 .43 - -— —- 11 5 9.1 ~0 0’8
21 3 0 0 . 1 0 1 3  .010. — 00 0,30) 20 .0 I. ’0 1 .44 —— 11 5 9 , 9 - 0 . 01
20 4 0.— I) ’ 326 -40 0.59 21 ,3 1 . 740 2 .55 __ —- 118 8.8 -0 80’
1 15 0.51.5 326 -b 0.59 20.0 1. 70 2 .58  —- 11 8 9.1 -0.83
216 0.70 326 -6 0018 21 .7 I .,’N —— 32 0 9. 3 -0, — S
21 7 0.3-F 310, -N 0018 20.9 1. 65 2 . 7 2   -- 112 9 . 3  - 0 . e9
10 8 0.10,4 316 -51 0.98 21 . 3 1 . 82 2 . 76  —— 113 9.3 -0.0- 40
.1 3 1 0  0 , 1.37 311. -40 0.98 20.6 1 . 8 1  1. 01  —— 1 2 3  9 3  .00 4
220 0, 7100 326 -N 1 . 47 21 .5 1.08 1 , 97 - —  -- 130 9.1 -0 .44
22 1 0.259 916 -5 1 .4 7 20 .3 3 .80 3 ,03  — - 131 9.1 -0.38
22 1 0.135 .3 25. - .00 1.96 11 .0 l. ”4 3,10 — -- 1 3 3  9 . 3  - 0 . 62

113 0.084 326 -(4 1.96 19. 7 1. 74 3 .11 - — — —— 134 9.3 -0 . 91
2 14 1 . 3 7 3  316 -40  0 .10 23 . 4 - - -.  3 .23 - - —  - —  1. 0 .19
225 0 . -I ’ s. 326 -(4 0.20 2 2 . 4  3 .28 - — —  — -  138 0 . 1 4
215. 10 .4011 421, -5 0 .39 21 ,6 1 , 70 3 .34 - — —  -— 139 9.5 -0 ,08
217 0.’84 326 -00 0, 39 11 , 0 1, 70 3 ,39  - - 140 9,5 -0 .03
228 0. 368 326 ‘( 4 1 5 9  22 .9 3 ,90 3 .53 -—— —— 142 9 . 2  .00 .0 9

119 0.S50 326 -N 0.59 21 .6 1,90 3 .54 ——— -— 142 9.2 0.12
230 0.253 326 -N 0.78 21 .7 1.90 3 .60 -— — -— 143 9.2 0.18
2 33 0.515 326 -(0 0’S 11 , 7 1.90 3 .4-4 -— -— 144 9.2 0.22
132 0 . 1 1 ,8 321. -5 0.98 12 . 0  1 0 17  3 . 73 — - —  -— 140- 9.3 0.31
233 0.271 316 -40 0.98 21 .4 1, 77  3 .74  -- 140- 9.3 0.32
134 0.346 011 . -N 1 . 47 2 1 .6 1. 68 3 . 5’ — —  - -  148 9 . 9  0.45
2.45 0.348 326 -‘0 1. 4’ 20,3 1.68 3.87  -- 148 9.9 0.45
235. 0.033 326 -6 1 . 3)- 20 .9 I S O  3 .91  -- 149 8.8 0.49
237 0 , 294 315. -N 1. 96 19 .6 1.50 3.92  -- 149 0.8 0.S0
238 1.206 526 -(4 .  0.39 23 ,0 1.57 3 ,94 --— -- 150 9.3 0.52
239 0.051 326 -N 0.39 21 ,5 1 .S 7 3 .93   --  149 9 . 3  0 .51
240 0.0-88 326 -N 0 . 3 9  2 1 . 6  1 . 5 7  3 .90  -- 149 9 . 3  0 . 48
241 0.693 326 -N 0.39 20.5 1.57 3 .89 -_  - -  149 9 . 3  0.47
242 3 . 1 1 0  325 -N 0 .39  39 . 5 1 . S 3  3 .57  -. -- 143 10.0  0 . 3 8
143 1 .902 325 -N 0.39 18 .4 1.33 3 .44  -- 140 9 . 9  ‘0 ,05
244 l .S 48 325 -N 0.39 19 .3 1 . 46 3 .34  -- 139 9 . 2  - 0 . 0 5
24 5 0 .0 93  325 -9 0 . 3 9  18 . 1  1 . 46 3 . 3 3  - -— -- 139 9 . 2  -0.06
246 2 . 3 7 2  756 -N 0 .20  2 2 . 1  1 . 6 8  9 .80   -. 566 9 . 2  - 0 . 2 7
24 1 0 .6 51 7S6 -N 0.20 23 .2 1.68 9.63  -- 559 9 . 2  - 0 . 4 3
248 0 .0S9 756 -N 0. 49 2 1 , 7  1 . 2 3  9 . 5 1   -— 555 9 .6  - 0 . 5 5

l p~ data.
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Table A-2 . Suspended-sand samp ling ,I i,,. \ o,i~.. Head , Nor t h ‘ ,.r olina
April 1964 . -Continued

1 2 3 4 5 6 7 [8 9 10 I I  12
Senip le C Sta . No. F V~ He d S Breaker  

I 
s8 T8 Tide

7 No. t s pe
(°/oo) (ft) (ft/s) (ft’ OfF - Oft) Ift) (s) (ft)

249 0.006 756 -N 0.49 _ __ I 1 .2 3 9.53 - —  — -  555 9.6 -0.55
250 0.015 ‘56 -N 0.97 ---— 1.20 9.42 --— -- 553 9.8 -0.64
251 ‘56 -N 0.97 — 1 2 0  9.37  -- 552 9.8 -0.69 — -

252 751’ -1. 1.46 — — — —  1. 20 9.31 - —  - -  S50 9.8 -0. 75
253 756 - 4 0  1. 46 - - — —  1.13 9,29  - —  550 9. 0 -0 . 57 0
254 756 -N 1.95  1.13 9.19 -— - - 548 9.0 -0 .87

- - 255 756 -N 1.95 -- -— 1.13 9.12 --— -- 546 9,41 -0.94
256 0.180 340 -N 0.19 18.7 0.96 2. 76  -- 116 10.0 -1.20
257 0.116 340 -N 0.19 16.8 0.96 2. 76  - —  125 10.0 -1.20
258 0.081 340 -40 0.39 19.1 I 719 2.77 - —  —— 126 10. 1 -1.19
259 0.013 340 -5 0.39 - - — —  1.09 2.77  — -  126 10.1 -1.1 9
1601 0.062 340 -N 0.58 19.6 1.09 2.77  —- 126 10.1 -1.19
261 0.113 340 -5 0.58 38. 7 1. C l 2,77  -— 126 9.6 -1.19
262 340 -N 0.77  1,01 2 .79  -- 126 9.6 -1 07
263 0.031 340 -N 0.77 18.5 1.01 2.9-1  - -  127 9.4 - 1 . 1 3L 264 0.085 340 -N 0.07  1. 02 2 . 00 . - - —  —— 127 9.0 -1 . 11
265 340 -N 0.0” — 1. 02 2 ,87 -— —- 328 9.6 - 1 .10
7) 00 ’ 340 -00 1. -IS  1 .02 2 ,94  -- 129 9.0. -3.03
20-7 340 -N 1. 45 — — — —  0.81 2 ,94 .—— —- 119 9.8 - 1. 0.3
268 340 -N 1.93  0.83 3,01  -- 130 9.8 -0 .94
269 340 —N 1.0)3 — - —  0. 82 3.0)’  -- 13 1 9.4 — 0 ,91
270 340 -N 2. 0,82 3.1 3 - - —  — —  133 9.4 -0 .84

— 273 341) — N 2. 4 2  — —  0 . 0 . 7  3 .14 — —— 1 3 3  9 , 4 -0 . 83
201 0.032 1 1 0 ~ -00 0. 19 22.3 1. 0 8 3.111 . -— 13 7 30 . 1 - “- .1.0.
27 3 0 .012 3 .1) - - ‘. 0.13 ---— 1.18 3 . 3-1  —— 138 10.3 -0 .1.3
274 0.003 340 -00 0.39 3.39  -- 330 0.58
275 0.010 340 -N 0.39 3.39 -— -- 139 0 .58
276 340 -N 0.58 3.49 — —— 142 0.48
277 3-3 0 ’ -s 0.1-s 3 ,~ 5 — —— 144 0.42
278 3-1(0 -N 0.77 - .  0.76 3.0-7  -- 149 9.8 -0.30
279 340 -6 0.97 -— 0.70’ 3.70  —- ISO 9.8 -0.27
280 340 -N 3 .4 00 1.1 0 3.77 — - —  —— 151 9.7 —0.20
281 340 -N I. 1.10 3.78 -— -— 151 9.7 -0.19
282 340 -5 1.93  3 .07 3.91 — —- 154 0. 7 -0,00.
2 340 -N 1.93 --— 1 . 07 4 .91 — — —— 154 9.7 —0 .06
284 340 -N 2 . 1.07 4.04 -—— —— 157 10.1 *40 . 0 7

285 340 -N 2.42 — 1.03 2.05 ——— —— 157 10.1 ‘40 .08
286 0.394 325 -N 0.20 19. 4 1,44 2 6 5   -- 118 10.1 -0.88
281 0.277 325 -N 0.20 18 .2 1. 46 2.61 ——— —— 117 10.1 —0.92
288 0.139 1.25 -N 0.39 20.3 1 .5,1 2 .54  —- 115 10.5 -0.99
289 0.090 325 -40 0.39 00. .3 1.64 2.53  —— 1 15 10.5 -1.00
200 0.100 325 -N 0.58 20.0 0.1,7 2. 4  -- 114 10. 1 -1,06
291 0.091 325 -N 0,58 19.0 0.0.7 2.46  -- 1 3 4 10 .1 -1.0 7
231 0.030 325 -N 0.78 11 . 4 0.5.7 2 .44 — —— 113 30.1 —1 .09
293 0.034 3240 -N 0.78 - — —  0.70 2 .43 —— — —  113 30 . 2 -1.10
294 0.048 625 -N 0.97 20.8 0.”0 2 47  -- 113 30.2 -1.10
29S 0.078 325 -N 0.97 19.5 -- 113 1 .10
296 315 -N 1.46 2.44  -- 134 1 .09
297 325 -5 1. 46 2.45 - —  —— 11 4 1, 08
298 31’. - N 1 .95 - - . —  0.52 2 .47  —— 114 10.3 —1 .06
299 0.046 325 -N 1 .95 39.9 0.52 2,49  --  115 10.3 -1, 04
300 0 .311 325 -5 0.20 20.0 0.55 2.54  -- 116 10.0 -0.09
301 0,34 7 325 -N 0.19 20 ,8 0 ,55 2.55  -- 116 10.0 -0.98
302 0.12 5 325 ‘N 0.39 21.2 0.56 2. 64  - -  118 10.5 -0.89
303 0.06)0 325 -51 0.39 20.4 0.56 2.5.5  -— 118 10.5 -0.88
304 0.560) 325 -N 0.58 22.3 1 .16 2.83  —- 122 1 0 . 1  - 0 . 7 0
305 0.030 32S -N 0.S8 2 1. 2 1 .1 6 2.85  -- 123 1 0 . 1  -0 .68
106 0.026 32)0 -N 0,78 2 1,9 0.06 3.13 - — - —  131 5.1 -0.40
3fl 7 0.046 32S -N 0.78 20 .8 0,96 3.15 ___  -— 132 5 .1 -0.38
308 0.003 325 -N 0.97  1 .1 9 3.35  -- 13 8 4 . 7  - 0 . 1 9
309 0 .002  325 -N 0 . 9 7  --. 1.19 3. 40 — - -  139 4 . 7 - 0 . 1 4
33 0 325 -N 1 .46   1 . 3 9  3 . 49  —— 141 4 . 7  -0 .05

I p*~~ data .
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Table A -2 . Sus pende d-sand saiep li ng data , Nags h ead , North Ca rolina
Ap r il 1064 . -Continue d

1 2 3 4 5 6 7 8 9 10 11 12
Sample C Sta .  No . F V~ 116 d S Breaker S8 ~8 Tid e-
No. type

— 
~~~ oo) 

_ _  
~~ t )  ~~~~s) ~~~ ~~~ ~~t) _ _  ~~t) ~~

311 0.035 325 -N 1 ,46 22.1 5 .14 3. 50 _ _ l -- 142 5.0 -0.04
3 12 0.005 325 -N 1 .95 -- --  1.14 3. 57  -- 2 4 3  5 . 0  *0 . 003
31 3 0 .011 325 -N 1 ,95 ---- 0 .14 3.60  -- 145 5.0 0.06
314 325 - N 2 .44 ---- 0.97 3.67  -— 146 4 .8 0.13
315 325 —N 2 .44 - - - -  0.97 3.4-9 - - —  -— 14 7  4 .8 0.15
316 1,274 258 -N 0.19 22.0 1.44 2.54  -- 84 10. 3 0.38
31 7 2.380 258 -N 0.19 21.2 1.44 2.55 --— -- 86 10 .3 01 . 0 3

~ 318 0.283 258 -N 0.39 21.9 1.20 2.63  -- 88 10 ,1 0 ,47
319 0. 498 258 -N 0.39 20.6 1.20 2,64  -- 89 30.1 0.48
320 0.155 258 -N 0.58 22.3 0.74 2.71  —— 90 10. 4 0.55
321 0.158 258 -N 0.58 21.2 0.74 2. 71  -— 90 10. 4 0.55
322 0.076 258 -N 0.77 21.7 1. 43 2.77 - -— —- 92 9.9 0.60
323 0.174 2)08 -N 0.77 20.3 1. 43 2.77 --— -— 92 9.9 0.0-0
324 0.078 258 -N 0.97 21.5 1.07 2.76 — -— 92 11. 8 0.59
325 0.112 258 -N 0,97 20.3 1.07 2. 76 - — -- 92 11 .8 0.59
326 0.094 258 -N 1 .45 20.6 1.30 2,74  - -  91 5.3 *0.57
327 0.102 258 -N 1 .45 19.9 1 ,30 2 .73  -- 91 5. 3 0.56

— 328 1.722 258 -N 0.19 23.7 1.30 2. 70  —- 90 5.3 0.53
329 0.753 258 -N 0.19 22. 4 0.99 2,69  —- 90 10. 1 *0 .52
330 366 -N 0.19 -- -- 1.02 4 .O’l --  3 12 8.1 -0 , 40
331 2.944 366 -N 0.19 19.9 1.92 4 .98 - — — - 172 8.1 -0.41
332 0.247 356 -N 0.39 21 .3 1.02 4 .85 — -- 168 8.1 -0.54
333 0.375 366 -01 0.39 20.5 1.93 4.84 - -— -- 167 7.2 —0.55
334 0.469 366 -N 0.58 21. 3 1.93 4 .72  -- 164 7 . 1 -0.67
335 0.319 366 -N 0.58 20.2 2.27 6.75  -— 164 7.8 -0.0-9
336 0.223 366 -N 0.77 25.3 2.27 4 ,50  -— 159 7 .4 -0.90
357 0.271 366 -N 0.’7 23.7 2.27 4 .28  —— 158 7.4 -0,0(2
338 0.0Z6 366 -N 0.97 24.2 2.01 4 .41  -— 157 7.4 -0,90
339 0.208 356 -N 0.07 23.2 2.43 4 .40  —— 157 ‘.7 -1.00
340 0.074 366 -N 3 .45 24.4 2.43 4 , 3-3  -— 156 7.7 -1.06
341 0.083 366 —N 1 .45 22 .9 --- - 4 .30~  -- 153 1.1 0
342 0,093 366 -N 1 .03 23.0 ---- 4 74- ,  -— 154 1.14
343 0,04 7 366 —N 1 .03 22.9 -—-— .i . I ) - ~~ — — —  —- 1 00 4 1.14
344 1.073 366 -N 2 .41 24.1 1 .87 .0 .14  — — —  —— 153 8 2 -1.16
345 0.087 366 -N 2 ,42 24.2 1.87 4 1 2  _ -- 3 52 8.2 -1. 18
346 0 ,148 366 -N 2 .90 20.2 2 .12 4 , 21 — — —— 152 8.0 -1.19
347 0.007 366 -N 2 . 000 21.S 2.1 1 4 . 70 — — — -— 152 8.0 -1.19
348 I. 4’-I 3)6 —N 0.39 17.0 2.06 4 _ IS - — —  —— 152 8 .5 - 1 . 20
349 1. 47’ 60.6 - ‘0 0.104 15.9 2,06 4.20 - — —— 152 8 .5 — 3 .20
350 0.207 366 -N (0 . (9  12 .5 1 . 7 1 1 4 . 1 1  — —— —— 152 8 ,1 -1.19
551 0.OlS 366 -N 0,39 12.3 1.82 4 , 11  -- 152 8.1 -1 .18
352 366 -N 001-9 - - -— 2 .12 .1 ,23 - — - — 153 7.5 — 1 . 1 7
353 ‘ . 00 .1 (0  366 -N 0.1.8 11 .2 1 .12 4 .26 _ - —  --  153 7.5 -1.15
354 0.127 366 -01 0. 77 24 .3 2 .30 4.74 — — —  — — 164 70 -0.67
155 0,200 366 -N 0. 7 23.3 1 .5 3 .3 .81 - - —  -- 366 7.)’ -0,1.0
356 0.193 366 -N 0.97 14 .4 2.85 4 .80  - —  16 9 7.6 -0.52
357 0.231 366 -N 0. 1” 23. 2 2 .85 4 . 00   -- 169 7 , 1. -0.S0
358 0.035 364- -N 1 .45 14 .5 2 .153 4 .98  - - 171 7.9 -0.43
359 0.066 366 - 00  1 , - I S 20 . 7 2. 03 5.06  -- 374 7.9 -0.35
360 0.035 34-6 -N 1.93 27 .6 2. 01 5,33  -- 182 7 .3 -0. 09
361 0.026 366 -N 1.93 26.9 2. 37 3 ,35  -- 183 7.3 -0.06
362 366 -N 1 - 3 2 - - --  2. 22 3.52  — —  188 7 .1 .0.10
363 0.051 366 -N 2. 42 26.2 2.22 3 .53 - — —- 388 7 .1 0.11
064 0.078 366 -0 2.00  2.24 2.0-5 — -— 102 7.9 0.23
114-S 111.6 -N 2.90 - - - -  2.24 2.1~6  --  192 7.9 0.21
366 0.019 366 -00 3.38 — — - - 2.24 2.75 — — -- l O S 7 .9 0. 63
367 366 -5 3 .38 - -- - 2.29 2.104 - -  10)6 7 .6 0,01
368 0.064 366 -N 3.86 - - - -  2.29 2.90  - - 199 7 .6 0,48
369 366 -N 3.96 - - - -  2.29 2.90  - -  199 7 .6 0.48
370 1.564 366 -N 0.19 26.8 2.33 5.98  -— 20 3 7 .0 0 .56
371 2 . 8 4 0  366 -N 0 , 3 0  2 6 . 0  2 . 3 3  6 .00   -- 202 7.0 0.58
372 0 .31 0  218 -N 0 .20 6 . 6  2 . 0 2  2 . 1 0   -- 60 8.4 0.76
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7 ..\PPENDIX C

7 ‘ T I D E  CURVES

‘I’ide curves in d i c a t e d  are for St .2e 1 Picr , Atlantic City, New Jersey ,

~ miles northeast of the Ventnor  C i t y  P ie r  where  the  sampl ing  c o l l e c t i o n s
were made. Tide curves for Jennette ’s Pier at Nags Head , N o r t h  Carolina ,
were interpolated from U.S. Coast and Geodetic Survey tide tables from
stations at h ampton Roads and Oregon Inlet .
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