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FOREWORD

The numerous inlets and harbors connecting Florida's inner waters to the
Atlantic Ocean and the Gulf of Mexico are important from the consideration of
recreational and commercial vessel traffic and also because they provide small
boats an access to safe r'efuge during unexpected severe weather and waves.
Unfortunately, inlets and harbors also contribute significantly to the serious
beach erosion problem prevalent along most of Florida' s shorel l.ne. The com-
plexities of the hydraulic and sediment tranapott mechanics in the vicinity of
inlets present a formidable challenge to engineers and scientists. These fac-
tors, along «ith the interesting historical role that inl ets have played in
the early development of Florida have resulted in cons i derab le documentation
pertaining to the malor inlets of the State.

This report on St. Karys Entrance is one in a "Glossary of Inlets" series
to be prepared under the Florida Sea Grant Coll ege pro 5ect, "Glos sa r t es of
Tidal inlets in Florida." The purpose of this series is to provide for each
inlet a susssary of the more s ignif icant available inf ormat inn and to lis t
knovn documentation. It is hoped that this series will yield an improved
understanding of the overall ef feet of each inlet on the economics, recrea-
tion, water quali.ty and shoreline stability of the surrounding area . The
proper future management, use, and control of Florida's inlets wil.l require an
appreciation of the evolution and past response of the inlets as well as con-
siderable future study.
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The author vishes to thank Kr. Erik J. Olsen of Tetra Tech inc ~, Jackson-
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I . INTR09UCTION

St. Marys Entrance is located on the Florida-Georgia border in extreme
northeast Florida  Figs. l.l, 92 ~ 2, 1.3, and 1.4!. The entrance lies 23 miles
north of Jacksonville Harbor  St. John's River Entrance! and approxiraately 25
mi. les south of Brunswick Harbor, Georgia ~ The coordinates are as follows:

Latitude Longitude

3Oo 43 r N 81' 26' W

The entrance ie bordered on the north by Cumberland Island and on the
south by Amelia Island. Both are low, sandy barrier islands and considered to
be part of the Sea Island cha in which runs f rom North Carol ina to Litt le
Talbot Island, Florida. The entrance connects the Atlantic Ocean with
Cumber land S ound ~ S t Na rys R i ver f iowa into Cumber land Sound and is the
chief source of fresh water for the estuary. Several ot'her rivers flow into
the sound  see Fig. 1.2! among them being Crooked River to the north and Jolly
and Amelia Rivers to the south. Amelia River provides ocean access to
Fernandina Harbor via Cumber land Sound and St. Marys Entrance. St. Narys
River is raainta ined hy the 8 - S. Armv Corps of Engineers as a navigable
waterway and serves as an access to the Cumberland Sound for the harbor of the
town of St. riarys,  ~orgie, These two harbo~s serve as base for a substantial
commercial and recreational fishing fleet and also serve sores commercial
shipping interests as well. To the north,  approximately 8 railes from the
inl.et!, the U.S. Navy Fleet Ballistic Missile  PBN! Submarine Support Base is
located in Kings Bay  Fig. 1.2!. rhis base serves as a major port for the
Trident and other types of submarines. The entrance channel to the base from
St. Marys entrance is currently undergoing enlargement in conjunction with the
upgrading of feei lit ies at the base.

The entrance has remained navigable throughout its recorded history ~
Because of this, and the shelte red harbor sound, the town of Fernandina was
established in 1.567, only two years af ter the ci ty of St. Augustine ~
Fernand ina had a larger relative importance in the latter part of the second
Spanish dominion �783-1821! than at the present time. It derived this
importance tram a combination of factors. It was a free port on the boundary
beteen Florida  then under Spanish rule! and the United States, largely
unpoliced by eit'her country. The Jefferson embargo tn 1807 made it the base
of' a vast smuggl.ing trade, and the prohibition of the international slave
trade by the United States in 1808 made Fernandina the logical center for that
activity ~ It was not until Igl.7, when U,S. troops took the city and held it
un t i 1 the end of the Span i eh peri od in 1 821, that lawlessness was abated
 Tebeau, 1971! - The town has remained an active port since then, with the
volume of shipping commerce vary ing considerably through the years ~

The rrrain entrance channel had been migratory in nature over the years,
and in 1880 U.S. Congress approved funding for the construction o'f two rock
]et ties to stabilize the inlet. Work began in 1881 and af ter numerous delays
and revisions to the original pl.an, the jet t ies reached their existing f orm in
1927. presently, the north jet ty has a total length of 19,150 ft., a crest
width of 8 ft. at the shore end and 15 ft. at the seaward end, and a height of
7 ft- above mean low water  mlw! ~ The south Jetty has a total length of
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Pig 1-2 St. Marys Kntrance, I'cumberland Sound and Tributaz'ies



Fig 1.3 An Aerial View of St. Marys Entrance  i942!



I i, I.~ An Av.r i;>1 View <>f Sr.. Nary~ i.'.nt.rnn<.<..'.h<~r in;  Arr< ';!
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11,200 ft ~ > a crest width of 8 f t. t'hroughout and a height of 6 f t. above
mlw. The jet tiem have never been sand-tight due to the large size of the
stone from which they were constructed and because of the relatively thin
cross sections.

Commercial activity in the area has been on the upswing. The primary
economic products of the area are wood pulp, sea f ood, and phosphate - Three
wood pulp mills operate in the area, two in Fernandina  operated by I-T-T
Rayonier, since 1939 and the Container Corporation of America, since 1941! and
one in the town of St . Marys  operated by the St ~ Marys Kraft Company, since
1940!  U-S Army Corps of Engineers, 1946; U.S. Congress, 1948!. The seafood
industry has remained a steady economic source for many years. The primary
catch is menhaden which is processed for oil and fertilizer. Shrimp and other
shellfish constitute the ma]ority of the remaining cash value. Table 1. 1
gives yearly totals for the poundage of various seaioods brought in and the
overall cash value for all of Nassau County. This table does not reflect the
value of seafoods brought via St. Marys Entrance alone, but is representative
of the importance of seafood to the area.

Table 1.1
Total Seafood Catch for Nassau County 1955-1978

Total F imh: Food
and Non-food Total Shellfish Total

 lba! Including Shrimp  Lbs! DollarsYears

1,167,389
879,891

1,221,141
1,102!812

535,238
591,312
995,089

38,904,484
28,342,719
34,502,714
2'9,675,600
13,093,404
13,259,705%
21, 251,488*

2,573,472
3,903, 130
3,260,774
2,424,723
1,449,190
1,625,402
1,850,352

36,331,012
24,439,589
31,241,940
27, 250,877
l.l,624,414
11, 634, 303
19, 401, 136

1955
1960

1965
1970
1975
1977

1978

*Preliminary totals sub]ect to revision by NOAA

Tourism, unlike many of Florida's coastal regions, plays a co~paratively
smaller part in the local economy  although tourism is on the upswing! . The
region bas some interesting tourist attractions such as the restored area of
downtown Fernandizaa leach, but the beaches themselves are not built up as
resor t areas and therefore provide unspoiled beauty. At the north end of
Amelia Is1and i.s For't Clinch St ate Park. The f ort was constructed during
1850-1855 and sa~ limited action ln the Civil and Spanish-American Mars. The
park encloses approximately 1,100 acres of undeveloped land. Cumberland
Island, Georgia, has been proclaimed a national seashore and is accessible by
boat. Mith the construction and planned expansion of the Navy's facilities at
fings Say new economi c growth is expected. Fig - 1.3 is an aerial view of the
entrance in 1942 The comparatively signif icant length of the ]et ties is
evident as well as the intensity of the sediment � laden flows through the

through the permeable rock Jetties. Fort Clinch  arrow! is
visible on the south bank of the inlet shown in Fig. 1.4 which is an aerial
view taken in 1962 ~ Sarwis �975! has listed a series of aerial photographs
spanning the per f od 1942-1971 that are available f rom various agencies ~ More

are available through the Jacksonville Distr'i.ct o f f j ce of
recent photograp
the U.S. Army Corps of Rngineers



I I GEOLOGI C SETT I NG ~ CL I HATP AND STQRli HiSTORY

2.1 Geology

Both Amelia and Cumberland Is lands at"e considered to be a part of the
st ring of coastal harrier islands known as Sea Islands. Thi.s chain of islands
is in general separated from the mainland by a maze of tidal creeks and swampy
islands which seem to have resulted From a mixture of fluvial and tidal
sediment at ion occur ing in derelict lagoons and coastal. mar shes be tween beach
ridges- Landward of this zone, the coast is recognized as a broad plain
whic'h, in a geologic context, has heen termed the St. Marys Meander Plain
 Florida Coastal Engineers, 1976!.

The long, thin barrier islands which separate the plain from the ocean
are composed of reworked Pleistocene marine terrace deposits known as the
Pamlico �0-25 ft- elevation! and Silver Bluff � � 10 ft. elevation! terraces,
and of more recent Holocene deposits  Leve, 1966! . The Pleistocene deposits
generally have well developed podzols, humate zones, and are commonly coarser
than the Holocene deposits. They are usually of subdued relief and are
typical ly well vegetated with oak/pine forests. The Holocene sands are light
tan, unweathered, and composed mainly of f ine grains - Shell material is
present in the upper zones wi.th no obvious soi 1 zones i.n the wel lief ined
beach/dune ridge complexes  Nash, 1977! ~ Underlying these deposits are
several rii f ferent layers of sedimentary limestone. Leva �966! has compiled
information on the formations in Duval, Nassau and Baker counties- Table 2-1
which is adapted form Leve's work is based on data obtained by collecting rock
cuttings f rom a number of water wells drilled, in the area and examining these
cut tings to determine the texture, mineral. composi.tion and fauna of' dif ferent
formations. Addi tional geologic information was obtained from driller 's logs,
and from lithologic and electric logs on file with the Florida Geological
Survey.

2.2 St. marys River Drainage Basin

The St. marys River rises in the Okefenokee Swamp in southeastern
Georgia, at an elevation of ilail to 120 ft. Prom there it flows circuitously
eastward about 12S miles, emptying into Cumberland Sound. It is responsible
for almost all the freshwater inflow to the St ~ Marys Hntr'ance Region. It has
no ma !or tributaries hut manv minor ones. The St ~ liarys Ri.ver' Drainage Basin,
as seen in Figure 2.1 is bounded on the north by Satilla River Basin, on the
west and south by the Swannee River Basin, and on the south and east by the
Nassau and St. 3ohns River Ilasins. The watershed area, excluding the
Okefenokee Swamp portion, covers approximately 1,500 square miles.

Use of the rational method of discharge. estimation was employed to deter-
mine the inf luence of the river on the flow char'act eri sties of the inlet - The
re su its f or various storm return intervals are given in Table 2. 2- With a
tMal prism of 9.g x ID ft., the average discharge over one-half tidal cycle9 3

would he 430,000 cf s- Thus the net river discharge rates with return inter-
vals of one year or less amount to less than '5K of the total discharge
attributahle to the tides and therefore probably have little effect on the
geometric characteristics which relate to the hydraulics of the system
 Florida Coastal. Engineers, 1976!, although the vertical flow structure in the
entrance channel i.tself is influenced to some degree.



Table 2. l
tttatiaraphic Units  artel Lave, 19ta!

0 perse imateGeo les lc
~ es' hltra lier an hie

unit
thlcl nms

ifeetl
l.iihnlOelC Charaeirr

liras at snd
V4i ~ cncen e fteeent an l

Pfa4incr no
4etsoa I ls

Soll, mock, coarse tn hne een I,
shell, and some cl ~ yey aanJ

0-150

VI4cena l arsy-green Calcarcoiis, ~ lily
clay and rlorrr sand; ci.n-
lalna abel I heel ~ anil white
~ oft. frlah4 limestone bails

20 lIDFllneelle Ilr
2 lofter tdloerns
deposits

Hawthorn
Form at4a

20iht 00

lf hlcesle

White lo cream chslb, mamis ~
faaelllfrrous marino lime-
stone,

24 1 00 Taa to buff erson!ar. marine
limmtone

f0. t$0 Tae lo buff hrsnular, calcitic.
marina limestone: contains
thin doleml le lenace and
ennea of Sflflsfldae foramln-
lferal coctuina

h van Perh
Llnees tone

10.200 h fmrnatlae has4 of brc we lo
lan hard. msaalve chile mite,
brawn hsely crystalline iialo-
mlte, and hranelsr calcllla
0 mes lone

Laho City
sweetens

f20400+

Ohfemar
Ldmwhme

C ream lo brow n mesa I vs to
cha lby. aran el a r I lmen tone
~ nd tail te browsl mowiee
to hnely crystalline dnlomile

40

Tab3.e 2.2

Net Freatnpatee DiSCharge PrediCtian for St ~ Harps River
 Florida Coastal Engineers, 1976!

Crystal
ftl eer
Forms tinct

W t I I la los
Formation

lnfllls
F a mes Ucm

firer IO blue-creen calcareous
plinephalir. sandy clays anJ
clayey sariila; contains line to
medium phosphatic aan I len.
~ ea aa I limestone anil dalo-
ralle tec4. partlcul ~ rly near
the hear of the formation

Whfle 4 brews. purple-tinted
ll ~ clllle. ersnular limestone
and erar hard, massive dolo-
mke; contains lienlca heda
and asses of tie tv olin Idee
for nmlnlferal omlulna



berland lslond

Iio Is I and

Johns River

IO 0 10 20

Scale in Maples

~i::,:: Sf Marys Rrver Basin

pi< p y S< ~rys River Drainage basin

T. MARYS ENTPAIVCE

< 55> Navigation Channel



An interesting discussion on the geologicsl setting of the tidal inlets
between Cape Hat teras, North Carolina snd Cape Canaveral, Flori.da, has been
given by Nummedal et al �977!- With reference to St. iarys Entrance, they
have provided the following data:

Tidal Lagoon Area lga x 10 m �670 x 106 f t3!
Open Water Area  OVA! ~ 40 x 106 m3 �412 x 10 f t !
percent OWA to total

Naximum throat depth

Ebb-tidal delta area

2l

23 m �5,4 ft!

76 � 10 m �682 x 10 ft !6 3 6 3

Inner shoal area a 0

The above data indicate that 79 percent of the lagoonal area which drains
through St. Narys Entrance is covered by marshland.

2.3 Climate

Fernandina and vicinity has a humid, semi-tropical climate characterized
by long summers with heavy rainfall and relatively mild and dry winters . The
annual mean temperature is 70' F with seasonal mean temperatures of 5R' F in
winter, 69 F in spring, B2' F in summer, and 7S F i.n autumn. No official
U.S. Weather Bureau station exists in the area. The closest is in
Jacksonville  no. 4358!, 20 miles south of Fernandina Beach. The reported
temperatures and rainfall were gathered by Weather Bureau observations over
the period 1B85-1972 '

Of the normal annual precipitation af 50 .4 inches, over half fall s in the
thunderstorm months of June through September' These storms, which form over
land by convective processes, can be quite severe at times with high winds,
heavy rainfall, and a large number of lightning strikes. The maximum rai nfall
occurs in September with an average R.74 inches, and November is lowest with
an average of only 1.75 inc'hes. Snow is a rarity and even a trace does not
occur on an average of once s year. The maximum monthly precipitation for the
period of record occurred in September 1897 with a total of 20.RR inches for
the month- The maximum annual precipitation occurred in lq05 with R3 ~ 31
inches for the year  U.S. Army Corps of Engineers. 1974!-

A wind diagram appropriate for the study area is shown in pig. 2 .2  U.S.
Congress, 196la!. The data vere gathered for the period 1949-1954 at
Jacksonville' This diagram indicates that the direction of the predominant
onshore wind is from the northeast. The largest duration of winds over 19 mph
is also from the northeast and is the result of storms usually referred to as
"northeasters which are generated from the early fall through the winter by
intense low pressure systems over the western Atlantic Ocean  Florida Coastal
Engineers, 1976!.

2.4 Storms

10

Hurricanes  or tropical storms which did not reach hurricane intensit'y! $
and northeast storms are the two ma d'or kinds of storms which cause beach



e Atlanticerosion and related damage to the inlet vfcinfty. Large, intense
storms are generally caused by a stationary high pressure area northrth of a low

pressure area at the southeastern part of the United States during
months. These storms have caused great damage to the beaches and
front properties due to their longer durations .

The study of storms by the Shore Protection Board includes 5A sto"s of
hurricane intensi ty between 1831 and 1945, each of which in some way affected
t' he beach.  U.S. Army Corps of Engineers, 1946, Appendix A! . During
year period 1S71-1972, a toral of 19 hurricanes passed through Massa«ounty
within a SO mf.le radius of Sr., Marys Entrance. This means that on an average
a storm of hurricane intensity affected the inlet region every 5 3 years
 Florida Coastal Engineers 1976! . Nost of the storms originat fng
Atlantic Ocean travel in an anticlockwise direction and may cross the eastern
shoreline of Florida twice. Over the area of St. Marys Entrance, most of the
storms moved out to the Atlantic Ocean from the land. Figure 2. 3 shows tracke
of hurricanes which passed in the vicinity of Pernandina between 1837 and

1979. Wf ND DI AG RA M
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LEGEND
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Fig 2.2 Wfnd Diagram based on U.S. Heather Bureau Data gathered
for the period 1949-1954 at Jacksonville  PL!
 U - S. Cong r es s, 1961 a!
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Se p t embe r, I R96 This hurricane crossed northern Florida from the
Gulf of Mexico and traveled up the coast of
Georgia. It was reported aa an intense storm of
short duration ~ maximum reported vinds �-minute
average! were IOO mph at Jacksonville and 7S mph
at Savannah, Georgia. The barometer reading of
29 inches vas registered of Savannah. 2S people
lost their lives in the storm. The damage along
the coast, mostly from winds, vas estimated at
$3,0OO,OOO  U, S. Congress 196lb!,

This very destructive storm caused as much ss 3
feet of water flooding the downtown district of
Fernandina. Serious damage vas done along the
beaches. All heach buildings and shore
structures were damaged. Reaches were eroded as
much as 2OO feet landward and 4 feet
vertically. 20O people lost their lives in the
Brunswick, Georgia ares. Should a storm of this
magni tule occur again, the estimated damage hased
on the development stage in the year 1961 would
be shout $6,OOO,OOO  U. S. Congress, 1961h! .

October, 189R

This northeast storm was one of the most severe
to occur along the Florida coast. Fxceptionslly
heavy damage was reported from north Florida to
Palm Beach, The storm waves were accompanied hv
unusually high tides � feet above normal! snd
large waves reached the shore in advance of high
winds. Wind velocities reached s maximum of
about SO mph. Waves were reported to have a
greater height than at any time during the
preceding 6O years. beany houses were undermined
and beach access ramps and timber seawalls vere
destroyed, The beach dropped about 3 feet in
elevation  U.S. Army Corps of Engineers, 1964,
Appendix C!.

November, 193?

This hurricane formed in the western Caribbean,
entered the Gul f coast of Florida near Sarasota
and passed directly over Fernsndina Beach on

October 12-23, 1944

13

l,itt v 'actual data are available concerning, hurricanes prior to the
storm ot 1 R96- The storms of August I83O, September 'IRS4, June 187'3, October
lg77, August IRRS and Sept'ember 1RRS passed either through or verv near
Fernandina Reach. Although several of these probably caused considerable
damage, a. hi s t or I ca I account indicating the magni t ude of damdage I s not
readi Iy available  U.S. Congress, 196lb!. For the subsequent storms, the
in format ion given hei ov has been compiled f rom di f ferent sources ss indicated
hv the ref e re nce against each storm. It msy be pointed oui. that some
discrepancies are noticed regarding the dates of some of the older storms-
Also the cost estimates of damage do not always specify vhether the estimate
I s related to the limited ares under considerat ion or the damage caused by the
storm over t he entire shore line.



october 19. The hurricane was large in sise
high winds extending 200 mlles east and 100 miles
to the west of the eye. The minimum harometer
reading recorded at .1acksonvt 1 le vas 2R.94 . The
strongest blinds at Fernandina occurred between
1000 and 13AA hours from the northeast and the
maximum est teats d speed vas fr% mph with pusts
reaching gl mph. A tot.al of 7 ~ 7g inches of rain

recorded at Fernandina Reach- The severe
winds f rom the northeast occurred at the same
time as high tirle �2 f t above mlw! causing waves
to cut away large sand dunes above the normal
hig'h water line- Oamape was estimated at
$260,000 along Fernandina Reach �. S. Congress,
1961h and NOAA, 1973'! .

This northeaster was accompanied hy exceedingly
high vinda, tides and large waves. The storm vas
exceptional not only for  ts severity but also
for Its unusual.l v lonp durst ion. '0amape vas
est ima ted at $1, 400,000 alonp the northeast
Florida coast on 1947 price level . Waves, winds
and high tides comhined to cause severe erosion
 as much as 5 feet in elevation! and destroyed
seavalls, dwellings and heach access ramps  U.S.
Army Corps of Fngineers, 1964, Appendix C!.

September 24
October 7, 1947

October 15-19, 19SO This small but violent hurricane moved f rom the
Caribhean Sea, across Cuha and up the entire
Atlantic Coast of Florida. Total losses in the
State vere estimated at 92R million. High tides
and waves overtopped dunes and seawalls along the
beachfront.  U.S. Army Corps of Fngineers, 1964;
Runt ing e t al ., 1951! ~

September 10-11, 1960 Thia hurriCane, ca 1 led Aonna crOSSed the Ke VS and
Florida Ray and cont inuerl up the west coast
almost to Tampa Ray before turning inland. Storm
tides generated by winds from the South caused
water levels to rise about 12 feet above mean sea
level at Flamingo and Everglades. On September
11, the minimum pressure recorded at Jacksonvi lie
vas 29. 2A inches and the maximum wind speed was
46 mph, with gusts reaching 67 mph  Florida
Hurricane Report, 1961! .

Mar ch R-9, 1962

14

The winds from this northeast storm, known as the
Great Middle Atlantic Coastal Storm, caused
extensive damage along virtually the entire east
coast of the United States. This storm was
exceptionally destructive due to the long fetch
�,20A miles! and its occurrence during a perigee
spring tide which is the maximum astronomical
tide. The estimated wave height was 40 feet



wave pertod up to 23 sec.  Lundlum, 1963, and
Stewart, 1962!.

August 26-2R, 1964 Hurrtcane Cleo entered Florfda at Mtamt and
traveled generallY northward over land about 300
miles unti 1 passtng hack into the ocean south of
.Jacksonvt 1 le. Peak wind gusts st Jackaonvt lie
were measured at 4'5 mph. Total storm damages in
Florida vere est imatecl at $12S million. Reach
damages vere relat i vely ins igni f leant with
maxtmum reported shoreltne recession heing 10
fec t tn nassau County  U.S. Army Cot'ps of
Fngtneers, '1964!-

September 9-11, 1964 Hurrtcane Dora was the f trst hurricane of record
to move inland from the Atlantic over extreme
northeastern Flortda. The eye passed over St.
August tne- Sustained vinds of 64 knots were
recorded at Jacksonville. Damage at Fernandfna
Reach vas very heavy. 30-60 Et ~ of dune vas
~ashed awav for extensive lengths. 30 homes were
destroyed or heavily damaged. The fishtng pier
was hea vi ly damaged. Reaches were lovered up to

ft ~ in certain sections. Damage estimates for
Florfda were $200 230 million  NOAA, 1973 and
00FL, 1964!.

October 13-21, 1968 Hurricane Cladys was spawned from a depression in
the western Caribbean Sea. Cladys battered
Florida's west coast vith 75 mph winds leaving 3
to 1 ft. tides in her wake, then moved ashore
between Rayport and Crystal River on the 19th.
RY late on the 19th, the violent storm was
generating '90 mph winds around 965 mb center.
Damage in Florida, esr imated at SS mi1lf on, was
concentrated primar t ly tn Pine 1 isa, Pasco,
Hernando, Citrus, Marion and Hi 1.1sborough
count les  U. S- Dept - of Commerce, 196R! .

February 9-13, 1973 Th s extremely intense northeaster, knovn as
Lfncoln's Rirthday Storm, vas resaonsible for
extensive beach erosion and beachfront floodf.ng
along the southern half of the Atlantic coast of
the United Stares. During the height of the
storm, the fetch vas approximately 1,100 miles,
the longest recorded in the last 30 years. High
waves and tides causecl erosion and some dune
overtopping along the beaches. The deep vs t et'
waves in the Cape Hat teras area reachecl a maxi mum
height of 23 feet and waves tn excess of 5 feet
occurred for an 89 hour period  Dolan, et al.,
1973! .



August 2S-
Septamber 15, 1979

Hurricane David was spawned far out in the
Atlantic and attained hurricane strength prior to
reaching the Lesser Antilles. Tt peaked in
north-central Caribbean when 150 mph winds
estimated around 924 mb center. Florida
coast line f rom Miami Reach to Daytona %each waa
affected by wind gusts of 60 to 85 mph and tides
up to S feet above normal. Several areas
received up to 10 inches of rainfall.
Preliminary damage for David was est ima ted at
nearly $2 billion, with most of that in the
Dominican Republic, where the death toll was
estimated at about l,nOO. Tn the United States,
David was responsible for 16 deaths  DeAngel is,

Hurricanes and northeaaters are usually accompanied by a rise in the
sti11 water level near the coast caused by wind stresses on the water sur-
face ~ This ia kao«n as storm surge ~ Figure 2. 4 shows a re lat ionshi p between
the storm surge elevation and the storm return period which is used in compu-
tation of Floria's Coastal Construction Control Line  CAEL, 1975! . The curves
are based on available tide and surge data along the coast. The curves given
in Fig 2.4 designated as northetn boundary and southern boundary from NOAA re-
present the northern and southern extent of Nassau county. Since St. Marys
Entrance is at the northern end of the countv, the upper curve ia appIicable
to the open coast ad]scent to the entrance,
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III- HISTORY

Description provided I.n Section 3.1 is adapted from a report by Florida
Coastal Engineers   1976!, later summarized briefly by Olsen �977! elsewhere.-

Prior to stabilization of the channel by the constructIon of iettIes, St.
marys Entrance was fronted on its seaward side by a very large bar formation
which was cut by two r'elatively stable channels. The northernmost channel was
primarily a short secondry channel and extended In a NNF. direction very c 1 ose
to the shoreline of Cumberland island. The main channel hugged the shore of
Amelia Island in the Forth Clinch vicinity then contfnued In a general ly FSF,
direction to ocean for a very great distance. A pkctoria1 description oi St.
'Marys Entrance by the French in 1779  Fig. 3.1! coincides very we11 with more
detailed bathymetric surveys performed In the mid ERGO's hy the I>.S. Govern-
ment  for example P'll. 3.2! . This suggests that hoth channel conf I gurat i ons
were relatively permanent features of the inlet prior to stahi lizat ion.

Host improvements unti.l the development of the Navy's facilities at Kings
Bay were carried out for the expressed purpose of providing a safe and econo-
mic waterborne navi gs t I on route he tween the At lant 1 c Ocean and the C I t y of
Vernandina, Florida. Implementation of thi.s goal has been through the stabi-
lization of the entrance to the Sound by the construction of rubble-mound
jetties and the periodic maintenance dredging as required.

The U . S . Congress cal led f or a re port on the Impor t ance and pr ac-
ti cabil ity of improving the. condition of Cumberland Sound.

1875

A, presentation of a feasible protect based on the rommerrf al
potential of the Port of Fernandi na was made to Congress. T' he
plan called for deepening the entrance hv constructing large twin
stone jet ties.

1879

Approval was given by Congress to carry out a survey of Cumberland
Sound.

1880

Const rue t: ion was begun on the no r th 1et ty. Because of rap
shore l. inc recession at Fort C'I Inch 5 spur groins
a ong westernmost portion of the shoreline near the counter-
scarp wal 1 of the Fort.

1881

northern jetty foundation had been extended 7,200 feet and
worlt beglLn on the south ietty.

1882

The deepest sec t ion of the inlet throat  mI.nimum flow area! oc c«r red
opposite the Fort Cl inch shorelIne  Fig. 1.4! where the conf luenre of the
Amelia River to the south and the St. Marys River to the north produced scour
of the bed to depths in excess of 65 feet. The controlling depth across the
inlet bar in 1870 was approximately g feet below mlw. It occurred sea~~rd of
the Amelia Island shoreline at a distance of approximately two nautical
miles. The history of the jet ty pro ject is summari zed below.



Eig 3. 1 French Map of St.. Marys Entrance in 1779



Ffg 3.2 U.S. Coast Survey %op of St ~ marys Entrance ia 1875
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Work continued on both Jetties, but tvo addi tional spur groins bad
to he added to the shoreline ad]scent to Fort Clinch ~

1883

Work was suspended for lack oF appropriat!ons.1884

The authorised plan of improvement was continued. lt was notrd
that since 1883 several hundred feet of accretion had occurred d at
the shore end of the south !et ty.

188S

Work continued on both pretties with a corresponding noticeable
increase in depth of water where the new ship channel vas to be
located, due primarily to the extension of the south let tv.

1886

Work continued with the Jetties remaining fn good condition.

Work slowed because of a lack of sufficient appropriations.

1887

1888

Work was completed at a satisfactory rate. However, as the main
navigation channel became poorlv defined because of shoaling, a
gap was opened in 1894 in the south !atty to accomodate shipping
via the prior natural channel alignment.

1889-1895

Work vas suspended because of a lack of funds for the year.1896

A hurricane forced a breach across tbe outer beach of Cumberland
Island a short distance north of the north Jetty  see also Section
2.4!.

1898

A viable navigation channel through the seavard inlet shoal opened
ad !scent to the nor th let ty.

1902

A total of S46,000 cu. yds. vere removed from the vicinity of the
north Jetty in order to improve the rapidly forming natural chan-
nel.. Construction on the !etties was completed in 1904. However,
the breach in Cumberland Island deepened and widened so quicklv
that emergency improvements had to be made by means of a 6, 006 90'

foot long dike. Construction of the rubble-mound !etties dramati-
cally changed the configuration of the natural inlet syste~.
Instead of a very broad expansive inlet throat served by two
channels, a single inlet with its flov completelv confined within
the man~de !etties was created. The secondary northern channel
was cut off by the construction of the north letty, The main
channel vhich had originally tended to orient in a southeasterly
direction was correspondingly intercepted by the construction of
the south Jetty. All tidal flows were then forced to enter and
exit betveen the ]et ties unti 1 the modif ied hydraul ic regime had
scoured the bottom between the structures to depths capable of
conveying the nevi.y confined flov.

1903-1904

1'905-1937

21

During 1905-19�, repair vork was required to maintain the
Jetties. In 1927, the creet elevation of the north !etty was
increased to 7 ft. mlv and the south !etty to 6 ft. mlv. During
1905-1937 maintenance of the entrance channel required removal of
717,438 cu. yds. of sediment giving an annual average rate of
22,420 cu. yds.



increase in the authorized pro1ect dlmenslons required drehqlnp
of 248,048 cu. yds. of sediment.

1940

Val ntenance requirements were 196,35'! cu. yds- for the pre vinu~
five year span result.inp in an anni!al average of 39,27'! cu yds.

194'!

l 9S5-19'56 The real ignment of the ent rance channe l to a pos i t i on wi th ln
nati!ral channel near the south Jetty reqi!ired the excavation ol
I,712,733 cu. vds.

The entrance channel vas real.igned and deepened to 34 ft. in
fiscal year 1957 in connectio~ with the Kings Ray Army Terminal.

1957

1963-1973 Total entrance channel maintenance vas 1,933,976 co. yes. giving
an anni!al average rate of 193,398 cu. yds,

1978-1979 During these veara the pro1ect depth for the navigate lnnal channel
to Kings Tray through Cumberland Sound vas increased to 36-40 f t.

3.2 Recent 0redgin in 'h!ter Channel

Pig ~ '1 ~ 3 shows the 400 f t ~ vide entrance channel and the sepment which is
normally dredged for maintenance  between stations 325+00 and 130+00! . T!uring
1978-79 channel deepening  to 36-40 ft.! was carried out in the reach hetween
stations 32SM0 and -68+00, for the Navy, in connection with the Kings Rav
facility. Maintenance dredging volumes between 1965 and 1976 are given in
Table 3.1. The 2,574,S3'3 cu. yds. listed for 197R-79 is the sum of capital
and maintenance dredging. The average maintenance dredging rate is noted to
be 178,000 cu. yds. per year.

Table 3.1
I! r ed ging Vo lumes In Outer Channe I, 1965-79*

Amount**

RIN CREDIT Cu. yds

79

*Data provided by the U.S. Armv Corps of
office

**Volumes computed by a constant rat io of
***Computed prior to pro]ect completi.on

Engineers .Tacksonvi11e District

BIN to place of I 2 to I

22

305,7RO
343,217
114,800
221,728
292,127
262,625

72,250
452,98R

42,693
R1,476

15'5,397
4,749�50

If0,967
178,5'57

52,972
201,000
180,000
160,000

65,000
411,800

35,694
7'!, 915

10R,SS7

7,343,R67

2S4, 817
286,014

95,668
184,773
243,439
218,8�

60,208
377,490

35>S77
67,896

129,498
2,S74,S33***
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3.3 Fort Clinch

Fort Clinch is a pentagonal brfck structure located on the northern tip
of Aaelia Island on the southern bank of St- Marys entrance. Its construction
vas begun in 1850, vss used during the War betwee~ the States, and the Spanish
Aiserican War, snd wss Later abandoned. In 1935, the State of Florida
purchased tbe area for development as s state park. The Fort was originaily
designed to guard the passage fnto the deep water harbor by vay of Cumberland
Sound. Its disposition vas based on defense principles first perfected hy the
French in the 17th Century. The constructfon site selected was not only the
narrovest section of inlet throat between Amelia and Cumberland Islands but
unfortunately, also the most dynamfc and unstable. Between s»rveys of 1R43
and 1880 this reach bad wfdened by approxfmately l,S l0 feet, forcing the
construction of seve~ spur groins in order tn prevent further shore line
recession  Fig. 3.4!. Wftb the start of construction of the navigation
pro]act in t' he IRSO' s, the shorel f ne directly eastward of the Fort began tn
recede, thus leaving the Fart heavf ly exposed to current anR wave acti on.
Acting ss a headland, the fortf Ff cat ion began tn I nterrupt the lit torsi trans-
port. to the vest slang the norther~ tip of Amelia Island, thus necessitating
the construction of addf tfonal six grafns  CARL, 1958! .

To date. the entire groin field has heen successful in retaining the
basir integrity of tbe shoreline ad]scent to the Fort. Witho»t it, serious
undermining of the permanent fort if ication walls would have occurreR. Some
recession of the share lfne is stf ll occurring due to various reasons. The
first af these is a general degrsdstfon of the grains hy the action of storms
snd through gradual subsidence- Another is the improved efffciency aF the
inlet hydraulics.
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IV. HYDRAULICS AND HORPHOL<X'IC CHARGES

4.1 Tide

The tide is predominant ly semi-<if urna l vf th an ocean  outer coast ! ranee
of 5 ~ 7 ft  mean! and 6.7 ft  spring! ~ Table 4.1 gives m<.an and spr fng rang~a
at several locations fn the inlet vicinity, as reported by the uiatfonal Acean
Survey Tf de Tables.

Table 4.1
Tidal Ranges in Inlet Vicfnity

Range  f t!

SpriMean

7.
6.

7.
7.
7.

Tidal fluctuations vfthin Cumberland Sound and the rivers entering the
sound are somevhat unique in Florida in t'hat they are subject to amnl 1 f ication
due to geometry, This is exempl i f ied by a comparison of the mean encl the
spring ranges at north Jetty vfth those at Crooked River Entrance, St. Marys,
Fernandfna Reach  Amelia River!, Chester and Kings lay Creek. AL1 the lat ter
ranges are higher than at the nor th letty. Thfe phenomenon can he explafned
by the conservation of energy of a progress ve vave in a channel . When sn
upstream location in an estuary has a smaller c rose-sectional area than t'hat
at its mouth, the tfdal range upstream fs often higher than the r fcfa1 range at
the mouth.» To the vest, this historical limf t of tidal influence vf thin the
St. Marys River is st Woods tock, Flor ida, some 75 mi les upstream of the river
mouth  Florida Coastal Engineers, 1976!. It is likely that both the Green's
Lav ef f ect and Helmholt z resonance play a role in the obse rvecl amp 1 i f feat ion
phenomenon.

4.2 Currents and Tidal Prism

Tidal c urrents vithi.n both the inl et throat  mini.mum flow area! and the
rf vere are a dfrect function of the vater surface elope vhfch results from the
head di f ference between the ocean and the "e f feet ive hay" during propagat ion
of the tlclal vave. Wfthfn the ocea~, outside the prospect Jetties, Indications
are that rvo current systems exist. The first fs a seasonal current to the
north whfch tends to predominate in the winter and fnto the early or
summer. The net transport fa clearly to the north during thfs perfo<f at least
in the zone of the f f rst several mi les of f sore anrl parallel to the c oast. The

*Hou �974! has essentially ascribed the cause of amplification to Helmholtz
resonance of the inlet-bay system.  See also, Bruun, 197g.!
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second current system is oscillatory in nature from north to south and is gen-
erated by the hydraulic demands of the inlet ~ Because of the permeability of
the pro feet !et t I es, hydraulic f iowa occur through the structures dur ing both
the ebh and the flood cycles. From oceanographic outfall measurements carried
out by the T.T ~ T ~ Corporation in 1969  I.T.T., 1969! these hydraulic effects
are definitely discernable for a distance of several miles south of the
southern rubble~ound ]et ty.

The superposition of these two currents produces an almost constant nor-
therly mass transport during the vinter and early summer months. During the
remainder of the year, water motions follov a radial pattern dictated hy the
hydraulic gtadients directed to or away from the Inlet and are in phase with
the tides  Flor ida Coastal Engineers, 1976! .

Current measurements in the inlet have 'been obtained f rom time to time
 for example Hou, 1974; Florida Coastal Pngineers, 1976; Fnvtronmental. Science
and Kngineering, 1980a!. Because of the complexity of the flow field in the
channel and the limited instrumentation involved in measurement, the available
measurements are of variable degrees of accuracy, and discrepancies are no-
table. Also, the Rata vere obtained over comparat ive1 v short t ime periods
 e. g. one tIRal cycle! and therefore cannot be considered to be synoptic. The
fol lowing description is derived from field measurements by Florida Coastal
Pngineers �976!:

Two separate sets of velocity measurements ver'e taken during a field
study in Hay, 1975. A series of spot measurements over depth vere first made
during both ebb and fl.ood cycles on the seaward side of each letty in order to
est I mate the potent I al net. f 1 ov through the rubble-mound structures. Vel oc I-
ties on an ehb tide averaged about 0 ~ 6 fps over depth at the outside of both
jet ties, wher eas flood velocities vere somevhat stronger at approximately 1.0
f ps. SInce both ]et t les combined have over 21, AOO linear feet of structure
susceptible to this phenomenon, it heca~ obvious that a sizeable portion of
'both the total ehb and flood discharge Is transmit ted through the rubble. Por
the mean tide range observed during the study period, it vas estimated that up
to 28K of the total flood flov enters through the permeable !etties rather
than at the ocean terminus of the structures. Tt is this transmissibility of
the Jetties which is promoting the tremendous losses of sediment to offshore
by permitting littoral material to pass into the inlet and be carried to the
seaward shoals hy the extremely efficient tidal hydraulics of the system.

The second set of velocity measurements was performed across the inlet
throat in order to determine an accut'ate total inlet discharge and, cort'e-
spondingly, the tidal prism. The observations made were limited primarily to
surf'ace measurements because extreme diff iculty in maintaining a vertical ori-
entationn of the current meter at depths was encountered during periods of peak
discharge. An ad[ustment vas made to the integrated unit discharge derived
from the data in order to arrive at an average cross-sectional value. The
product of this number and the measured area of the inlet throa! at the time

'the study resulted In an estimated tidal. prism of 9.8 x lO f t on the
spring range of tide  see Table 4.1! . measurement of the time lag of slack
water re l. at I ve to the time of HW or LV In the ocean yie 1 ded values ranging
«om O.g3 to 0.93 hr, which compares reasonably vith 1.04 hr reported by
O' Brien and Clark �974! based on data provided by SOS Tide Tables and Tidal
Current Tables  see also Table 4.2!. O' Brien and Clark however reported a
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prism of S.SR x lO ft based on MOS data ~nder a mean range o; r l < . Tht srl
43K lover than the value of 9.8 x lO f't nbt a~ ned hv Fior lde Coastal Fng[-
neera ~ Although the spring prism would ln general be higher r han the mean
prism, the ObaerVed di f f erenCe cannot he at t ri hn ted t o th is Ca<lee en t i rely.
In f ac t, the mean prism would be love r t harl the ~ pr i n a pr I sm hv 8- l O» on 1 v .
Measurements by Environmental Science and r,"ngineerlng �9XO! vlelded a valv<.
of 6.02 x 10 f t which is closer ta the valve oh  oined hy O'Hr ~ <. n and Clark.

Table 4.2
Measured and Predicted Currents

r<r<S Current Tabt ]sntity Measured*

4.0

1OSS
'} 71S

ength of flood  fps!
ength of ebb  fps!

k before High Mater  hr!
ck before Lov Mater  hr!

4.3

IO33
1636

*Measurements ver~ made at the inlet throat on October 14, 1973.

The t i de 1 range at Fe mand ina Reach  Ame'l i a ltd ver! vas 6 . 7 f t  Hou,
1974! - Although the current magnitudes compared reasonably wel 1, the times
slack vster are less accurately predicted.

4 ~ 3 Sali,nit and Tem erature

The folloving surf icial  up to a depth of shout g ft! observations vere
sade at the throat station on October 14, 1973  Hmi, 1974!:

Table 4.3
Salinity and Temperature Readings

October 14, 1973 Sal ini ty
 ppt!

Tempe

before High Mater:
efore Low Mater:

29.7 �8!
26.0 �4!

2S-3 �4 3! i
2S.S �S ~ 0!

It is observed that vher'eas the temperature remained almost constant From
slack to slack, the salinity decreased by 3.7 ppt, indicatng the influence of
freshwater outflov during ehh. Data in parentheses are based on similar mea-
surements made by Florida Coastal Fngineers �976! in 'Mav, 197S The t rends
are observed to be similar as welk .

More recent ly, Lnv i l <insn l<t o t SCienCe and Fngineering �9ROa and h!
obtained salinity profiles over depth at a number of stations in the entrance
and el sewhere. In the simplest model for sa1 i ni t y intrusion in an estuary,
the estvarv is assumed to be a channel of constant cross-sect inn in which the
degree of intrusion is defined hy the opposing Forces represented bv the tfd<'
in the ocean and the upland Freshwater outflow. Ippen �966! has described
the model which telates the salini ty at high water  HM! and at low water  LW!
as a function of distance from the estuarine mouth. In Fig. 4.1 measured
aalinities at HM and LM are compared with predictions hased on the simple
model. The distance is measured f rom the ocean t i p of the ]et t les thraugh the
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entrance and into Cumberland Sound. Considering the complexity of the
estuarine system, the agreement between measurement and prediction should be
considered to be reasonable.

4.4 Waves

Wave and swell roses applicable to northeastern Florida are given in Fig.
4.2. The swell chart was publi.shed by the Hydrographic Office of the U.S.
Navy and is based on a total of 4f,51'5 observat ions during the period 1932-
1942  U.S. Congress, 1961a! ~ The annual wave height and period roses for data
square number ll were derived f rom ship obser vat tons compiled by the U.S. Na-
val Weather Service Command  see Walton, 1973! ~ Note that these data are for
the deep water conditions offshore. An understanding of the distribution of
wave energy along the shoreline near St. Marys Entrance would require investi-
gating the patterns of shoaling and refraction of the deep water waves. Tn
con!unction with determining the direction snd the rate of littoral drift
along the shoreline in the vicinity of the inlet, Florida Coastal Engineers
�976! studied the wave reftaction pattern extensively. Wave periods ranging
from 4 to 8 seconds were selected for stoRy. For further details, reference
may be made to the publication, Conclusions reached in that study on the sand
budget in the vicinity of the inlet have included considerations on the
littoral transport direction and the littoral transport rates derived from the
wave ref ract ion analys is. The sand budget I s brief lv discussed in Sec t ion V-

Fig 4.2 Wave and Swell Roses Applicable to Northeastern Florida
 Florida Coastal Engineers, 1076!



4.5 Inlet Geometry

Hou �974! has reported the following values of inlet flow area at six
sections along St- Nary's Pntrance.  The locations are shown in Fig. 4.3.!

Table 4.4
Inlet Geometric Parameters

Area
below mvl

 ft !

Distance
from Section I

 f t!

154,160
138,900
1S3,750
13S,360
147,960
197,5'50

2, 960
77 820

11,960
15,840
20,180

YS
NCE

Pig 4.3 Locations where Cross-Sectional Areas were Measured
 Hour 1974!

Since the inlet itself may be thought of as being the channel segment be-
tween sect ions 1 and 6, the length of the i.nlet channel is 20, 180 f t. The
Throat  minimum flow area! is noted to be at section 4 �3S,360 ft ! which is
in the vicinity of Fort Clinch. Over the vears, the Throat. cross-section has
increased with time, both as a result of long-teem changes in the regional
morphology and particularly due to the construction of the Jetties to train
the inlet. Pig. 4.4 shows the trend between 1RSS and 1974. Judging from the
observed decreases in the rate of increase of the ares in recent years it ap-
pears that the inlet is approaching an equi librium condition dictated by the
hydraulic and the sedimentary factors. Olsen �977! has shown that the inlet
throat area will probably stabil.iae  barring no significant man~de changes
in the flow regime! at about 148,000 ft
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Fig 4-4 Change in InLet Throat Cross-Sectional Area, 1855-1974
 Olsen, 1977!

4,6

The most demonstrable shoreline changes attributahle to the stabilization
of the inlet have occurred at or ad jacent to Fernandina Reach which is located
approximately 2 miles south of the entrance  Olsen, 1977; Nash, 1977! .
Fig. 4.5 shows the shoreline changes between 1843 and 1943. Shoreline reces-
sion in this area has resulted from both s steepening of the of f shore slopes
and a general straightening of the coast line caused by a northward migration
of sediments comprising a pre-jetty nearshore shoal system and associated sea-
ward "bulge" in the shoreline. Pig ~ 3.2 shows these physiographic features as
well as the pt'e-project inlet channels with which these features were once re-
lated. Fig. 4.6 shows the inlet in a portion of the NOS naut ica'I char't
 No. 11503! dated December, 1979. It is observed that the shoreline south of
the inlet has now become nearly straight, with a north-south or tentation.
Accretion on the south side of the entrance and distribution of sedfment
during ebb flow may be seen from the photograph given in Fig ~ 4.7 ~ It shool"

noted that although the southern end of Cumberland Island has experienced
similar erosion of the shoreline, structural damage due to shoreline recession
has neither occurred, nor is anticipated to occur due to the lack
appreciable inhabitation on thesoutherly portion of the island af fected by
inlet stabilization  Olsen, 1977!. Fig. 4.8  after Nash, 1977! shows a s'tri
king constrast between shoreline and the of fshore bar before jetty construe
tion and at the present time ~

In order to establish a Coastal Construction Control T.ine for
the seaward extent of construction, the Department of Natura! Re' "«es
Stateate of Florida established bench marks and survey range
Island ~ Nonumented stations approximately 1,OOO ft apart
baseline where beach prof iles were measured  Fil ~ 4 ~ 9!
based on a 1975 survey are available eisewhe« COEL.
bath etriymetric maps extended to the continental slope under a cate@«y
entitled, "Outer Continental Shelf Resource Nanagement »P ~
 Cont intental Shelf! bathymetry relevant to the shoreline of
is given in NOS map 17-5  OCS!, 1976.
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PiS- 4 ~ 7 Photograph shackling accretion on the south side af the entrance
and distribution of sediment during ebb.
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Conf iguration of St. Marys Entrance and Cumberland Sound,
Georgia prior to the construction of the !etties, 1876
 upper figure! and present configuration, 1976  lower
figure! - Nash 1977
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'l.l Sediments

Sediment samples collected from the bottom  Hou, 1974! !ndicate a range
of sixes of sand, from O.12 mm  very f ine! ro ~.S? mm <medi»m'! - samples col-
lected by gruun  lobed! near Fort l.1 inch were found to conta n 0.14 mm sand.
The sorting coef f icient ranged from 1.21 to 1.4n- "Sayward" ot the entrant e,
signif icant amounts of silt and clay are found in assoc i at 1 oo wi th sand p1us
some s'hells and shell fragments ~ Analysis of <edfmentn cni lr c ted from a ma rf-
na  Fernandina lleach Mar ina! in Panel i a Ri ver  n t' he c l t y of Fe mand ina Reach
�.4 nautical miles south of Fort i'.linch! indi ca ted 19+ sand, 252., s 1 1 t and
clay, 'hy weight, plus some large shells  not consider d in the shove!. Ad !s-
cent outer coast beaches consist of very fine to medium sands. A description
of off shore  up to 14 nautical miles! sediments has been gi ven hv Meishurger
and Field �97'5!.

S, '2 Sand llud get

In ordet to determine both historical shoreline and offshore hot tom chan-
ges resulting from the initial construction of the pro lect Jetties in the
1880's and from subsequent authorized improvements or modtfications, Olsen
�971! developed a method to calculate the spatial volumetric changes over
time. The analysis consisted of comparing digitized bathymetric features f rom
pre- and post-Jetty protect hydrographic surveys which spavined a period of
approximately IOO years. I?ach data matrix was 31 x 69 therehy generating
depth grid consisting of 2,448 points. 4 specific grid element was assigned
representative depth by averaging the four corner values. A net rise in sea
mater level of 0.6 f t. during t' he approximately 100 year period was taken into
consideration. This sea level rise raagni tude was deriveR from records of mean
laster level at Vernand ina Reach and at other nearby Fast Coast tidal sta-
tions. A computer program compared the average depths, calibrated the
volumetric changes and presented the output in e form suitable f' or depiction.

Fig. 5. l shows the isolines of accretion and erosion obtained by the
program as Me ll as a summary of integrated volume t r i c sediment losses or
gains ~ It was determined that the total geol ogle transformation as a resul t
of inlet stabilization extended northward for a distance of g.l mi les and
southward for a di stance of approximate ly 7.C mi le s from the entrance.
Computed volumes of erosion indicate that over a hundred year period, 12'3 mi I-
lion cu. yds. have been displaced from the nearshore regions of Cumherland and
hme lie Islands comhined ~ An addi t iona l 'll mi 1 1 ion cu ~ yd s. have been scoured
f rom lai th In the conf ines of the let t ies. Cor res pond i ngl y during the same
period approximately 12o million cu, yds. have accumulated  n the form of
shoals directly seaward of the inlet jetties and are essentially lost from the
active littoral svstem ~ Volumes of accretion. in the form of f ill ets at the
bases pf the rubble-mound structures have been minor by compari son. Fach of
the jet t ies has accumul a'ted a total of only about Lfl mi 1 1 ion cu. yds s 1 nce
their construction around the turn of the century. Tbe physiography of these
secretions has been in the form of seaward extensions of the shorelines at the
tip of both islands ~ These two areas of depos it ion have reached an equi li-
brium with respect to growth, with the shoreline ad lacent to the south letty
currently being in a known state of mi 'ld recession.
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Fig S.l lsolines of Accretion and Frosion over a 100 Year period
at St - Marys Kntrance, Florida  Feet!  OIeen, 1077!

S.3 l.i t torsi Transport

According to Olsen  I%77! for the approximately 100 year interval of doc-
umentation, littoral transport rates within the study area have far exceeded
the predicted rates of both the 1J.S. Army Corps of 'Engineers and the Univeritv
of Florida, given in Table S.l. Furthermore, classical directions of net
movement do not correspond ro measured erosion volumes north and south of St-
~arys Fntrance. The sand budget noted in the previous section indicatee that
net sediment movement northward From both the nearshore and offshore vicinity
«uth of the navigation pro !ect has heen much greater than classically
predicted ~ Signif leant variations indicted by the summary of the sand hudget
a>alysis presented in Fig. S .l  inset'! can be catagorized as follows.

The long-term northward movement of the offshore bar.
a. The sedimentation in the pre-pro!ect channel and ad lacent shoreline se-

cret ion southward of t' he south !etty.

The scouring of former shoal trapped hetueen the Jetties during ron-
strurtion-
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The deposit ion of sediment eastward of the pro feet strucr«res resulting
in the creation of a new seaward shoal formation.

The sedimentation in the pre-pro 1ect secondary channel and ad facent
shoreline accretion northward of the nor th !et ty.

A general steepening of the nearshore profile along Cumberland Sound.

Table 5.1
Classical Littoral Drift Rates for Nassau County, Florida

 Florida Coastal Engineers, 1976!

According to 0lsen �977!, it is not realistic to assign annual transport
rates to the long-term sed iment budge t s ince it is re cogni zed tha t the a f ore-
mentioned events have occurred or are continuing to occur at varying degrees
of intensity. As an example, a post-pro]ect sediment study made �l sen, l ~77!
from 1902 to I'007 indicated that over that period, 62% of the sediment scoured
to date had been removed from between the iet ties and deposited on the seaward
shoal  Pig. 5 ~ 2! ~ Accordingly, only shout 122 of the tot'al sediment acr«m«-
lstion in the ocean shoal was recorded as occurring during the same time span.

lt is interesting to note that for the lg mile hy 9 mile area inclurled in
'the sand budget analysis, the total calculated volume of eros ion was within Ry
of the total vo1ume- of accretion. Since stabi.lization tht ough let ty constr«c-
t ion, the inlet has become a Lit t'oral trap. Sediment continues to he t r ans-
ported toward the inlet by the same physical forces, but the net process
essentially results in a net offshore deposition and a net loss from the near-
shore littoral system and consequential shorel lne erosion. Thus, both the
concepts of bar-bypassing and net littoral dt'if t appear to he «nsat > sfactory
in explaining large scale sediment transport processes at St. marys Entrance
 Olsen, 1977! .



Fig. 5. 2 E'rosion/Accretion Pat terna between ]902 and ]907 at St. Henrys
Entrance  Olsen, ]977! .
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V I ~ SUMMARy

Information documented in this report is summarized below:

St. Marys Entrance  latitude: 30' 43' N, longitude: 81' 26' W! is
located on the Florida-Georgia border in northeast Florida. It is a
historic navigable ent rance whi ch is federally maintained by the lt. S,
Army Corps of Engineers   Jacksonville Dist rict! ~ The entrance is an
important passage for commercial vessels and the Navy ' s fact 1 i t ies at
King's Bay, Georgia.

The inlet is bordered on the north hy Cumberland Island  Georgia! and on
the south by Amelia Is land  Florida! ~ These islands are a part of the
string of coastal barrier islands known as Sea Islands. These islands
are separated from the landward zone known as St. Marys Meander Plain bv
B maze of tidal creeks and swampy is lands . The St, Marys River Drainage
Basin watershed area exc Iud i.ng the Okef enokee Swamp portion covers ap-
proximately 1,500 square miles. The tidal lagoonal area is 73 square
miles ~ 79K of this lagoonal area is covered by marshland.

The climate is humid, semi-tropical, characterized by Iong summers
 82 F! with heavy rainfall �0.4 inches average precipitation per
year!, and relatively mild and dry winters �8' F!. Tropical storms and
hurricanes have affected the area historically, with a return period of
5 3 years for hurricanes.

The most important engineering pro]ect took place beginning lggl when
work was initiated an the construction of two !etties for trai.ning the
inlet. The jetties reached their existing form in 1927. The north fet-
ty is 19,150 ft. Iong with a crest width of 8 ft. at the shore end, 15
ft. at the seaward end,and a height of 7 ft. above mean low water. The
south Jetty is 11,200 ft. long, with a crest width of 8 ft ~ throughout
and a height of 6 f t. above mean low water. Because of the large rock
used for Jetty construction, the structures are permeable to flow and
sediment. It is estimated that up to 28K af the total flood flow
through the inlet enters through the lett ies rather than at the ocean
end of the structures.

EstimatetI of the spring tidal pri.sm have varied from 5.6 x 10 ft to
9.8 x 10 ft . The reason for this discrepancy appears to be the lack
of accurate measurements. It is estimated that the freshwater outflow
is approximately 5'X of the tidal pri.sm, over a tidal cycle. The effect
of freshwater outflow is apparent in the temporal  HW and LW! and spa-
tial  longitudinal! variation of salinity in the entrance and in Cumber-
land Sound-

The entrance throat area  minimum flow ares! has slowly increased, par-
ticularly since Jetty construction, and is likely to be approaching an
equilibrium value of 14R,OOO ft

The open coast shoreline i.n the entrance vicinity appears to have been
influenced by Jetty construction. This influence, generally shoreline
recession, has been reported to be apparent for distances of g. 5 miles



to the nor th and 7.5 mi les to the south. The shoreline south of the
inlet is in a state of mi'ld recession  as of 1977!.

The sediments in the inlet and ad!scent beaches consist of very fine to
medium sand with some she1ls and shell fragments. "Sayward" of the in-
let, the amount of silt and clay becomes appreciable.

Sand budget indicates that over a hundred year period, 123 million cu.
yds. have been displaced from the nesrshore regions of Cumberland and
Amelia Is lands comhined. An addi t lanai. 31 million cu. yds. have been
scoured from within the conf ines of the !etty. Correspondingly, during
the same period approximately 120 mi 1 lion cu. yds. accumulated in the
form of shoals directly seaward of the Jetties and are essentially lost
from the active 11 t torsi system. Fach of the Jetties has accumulated a
total of only about lA million cu. yds.

'LO. I,ittoral transport rates in the vicinity of the inlet have far exceeded
the predicted rates. The inlet itself has acted as a barrier for lit-
toral transport, and there appears to be no net direction of transport
as assumed in the classical sense  i.e. "river of sand" concept!.



REFFRENCES

J.H. "Catalog of Tfdal I'nlet Aerial Photography,o GITI Report 75-2
Ues Army Coastal Engineering Research Center, Fort Relvoi r, Virginia,
June, 1975

gruun P.  co-authors A- J . Hehta and I. G. Jonsson!, Stability of Tfdal
Inlets: Theo and En ineerin , Kleevfer, Amsterdam, 197R.

Bunting, 8. C., Gentry, R. C., Latour, N. H., and Norton, G. "Flor da
Hurricanes of 19SO, History and Analysis," Engi neer 1 ng Progress at
University of Florida, Rulletin Series No ~ 45, College of Engfneering,
University of Florida, Gafnesville, July, 195I.

Coastal and Oceanographfc Fngineering Laboratory, University of FIorfda
"Coastal Engineering 'Study at Fort Clinch," UFL/COEL-5R/OO6, 195R.

Coastal and Oceanographic Engfneerine Laboratory, University of Florida,
"Revise of Daaahe ro shores and Reaches by Rurrrcane Dora," ilyL/CDRL-
64/008, 1964.

Coastal and Oceanographic Engfneering Laboratory, University of Florida,
"Recommended Coastal Setback T.ine for Nassau County, Florida," UFL/COKL-
75/004, 1975.

DeAngelfs, D., "Hurricanes David and Frederic," Weatherwise, October 1979,
p- 202.

Dolan, R., Hayden, B., Vincent, L., and Ri ddel, P., "The Ni nth February Nid-
Atlantic Storm," Unpublished Report, National Park Service, 1973 ~

Environmental Science and Engineering, Inc., "Draf t Supplement to the
Environmental Impact Statement for Preferred Alternative Location for a
Fleet gallistfc Missile Submarine Support Base at Rings >ay, Georgia,'
Gafnesville, Florida, April, 19ROa.

Environmental Sc ien ce and Fngi eerf ng, Inc ., "The F f feet s of Channe I Widening
on A-1 Impact Assessments,- Report No. Ro-710-0ol, Galnesvf ll e, Florida h
August, l9ROb.

Florida Coastal Engineers, Inc,, "Beach Frosion Control Study Nassau Countye
Florida," Sponsored by I'J.S. Army Corps of Engineers, Jacksonville,
Florida, January, 1976.

Florida Hurricane Report Concerning Hurricane T!onna  by a Committee! autho r
ized by the Trustees of the Florida Internal Improvement Fund, 1961-

Hou, RE S ~ , "A Preliminary Field Study at. St . Narys Fntrance," UFT-/COEL
Coastal and Oceanographic Engineering Laboratorv, University of
Gainesville, 1974.

Ippen, AD T., "Salinfty Instrusion in F.'stuaries," Ch. I'3 in F.'stuary
Coastline Hydrodynamics, A. T. Ippen, ed ., McGraw-Hf II, New York,

44



Rayonier, Inc., "Oceanogr aphic Out f all Studies Fernandina beach,
Florida," Report, Olympic Research Division, Shelton, Washington, 1969.

w., -Ground Mater in Duval and Nassau Counties, Florida," Ra ort of
Investi ati.ons No. 43, Florida Geological Survey, Tallahassee, 1

t,udlum, D. M., "The Snowfall Season 1961-62," Weathervise, Vol ~ 16, No. 1, Fe-
bruary, 1963, pp. 26-33.

Me i sburger, F.. P., and Field, M. K., "Geomorphology, Shallow Structures, and
the Sediments of the Florida Inner Cont inental Shelf, Cape Canaveral to
Georgia, " Technical Memorandum No . 54, U. S. Army Corps of Kng inee ra
Coastal Engineering Research Center, Fort Relvoir, Virginia, July 1975 ~

Nash, G. J., "Historical Changes in the Mean High Water Shoreline and
Nearshore Bathymetry of South Georgia and North Florida," M.S. Thesis,
University of Georgia, Athens, 1977.

National Oceanic and Atmospheric Administration  NOAA!, "Flood Insurance
Study � City of Fernandins Beach," Nassau County, Florida, U.S. Department
of Commerce, Silver Springs, Maryland, 1973.

Nummeda 1, D., Oertel, G. F., Hubbard, D. K., and Hine A. C., "Tidal Inlet
Variability � Cape Hatteras to Cape Canaveral," Proceedings of Coastal
Sediments '77, ASCE, Char lest,on, S. C., November, 1, pp 5 -56

O' Brien, M. P., and Clark, P. R., -Hydraulic Constants of Tidal Entrances,"
Proceedings of the 14th Coastal Kngineerin Conference, ASCF., Vol. 2,
Copenhagen, Denmark, June, 197, pp. 1546-1565.

Olsen, K. J., "A Study of the Effects of Inlet Stabilization at St. Marys
Entrance, Florida," Proceedings of Coastal Sediments '77, ASCK,
Charleston, S. C., November, 1977, pp. 311- 29 ~

Stewart, J- Q ~, "The Great Atlantic Coast Tides of 5-g March, 1962,"
Weathervise, Vol. 1'5, No. 3, June, 1962, pp. 117-12O ~

Teheau, C. W., History of Florida, University of Miami Press, Miami, Florida,
1971.

ST Army Corps of Fngineers, "Fernandina Harbor, Florida," Review Report,
Savannah District, Georgia, May, 1946.

U ~ ST Army Corps of Engineers, -Reach Krosion Control Study Duval County,
Florida," Jacksonville District, Florida, 1964.

U ~ ST Army Corps of Engineers, "Draft-Environmental Impact Statement,
Fernsndina Harbor  maintenance Dredging!," Prepared by Jacksonville
District, February, 1974 '

U- ST Congress, "Fernandina Harbor, Florida," House Document o. 2ent No. 622

80th Congress, 2nd Session, 1948.

45



U. S. Congress, "Amelia Island, Florida, bleach Erosion Control Study," HouseDocument No ~ 200, lst Sessfon, U.S. Government Print fng Of ~ice,washington, D. C-, 1961a.

V. S. Congress, "Fernandfna Reach, Florida," House Document Vo. 173/87/1, U.S.Government Printfng Office, washington, D.C., 1961b.
U.S ~ Department of Commerce, Natf onaI Oceanf c and Atmospheric Adm f nf strat ion,"Tropical Cyclones of the North htlantfc Ocean, IR71-1977," June 197g-
Valton, T. L., Jr ~, "Littoral Drift Computatfons along the Coast of Florida bymeans of Ship 4'ave Observations," Technical Report No. 15, Coa sta1 andOceanographic Engineerfng Laboratory, University of Florida, Gainesville,February, 1973 ~

Yeh, 8. M., "Resuspension Properties of Floe Deposited Cohesive SedimentSeds," H.S. Thesis, University of Florida, Gainesvil le, 1979.



Florida Sea Grant College is supported by award of the Office of Sea
Grant, National Oceanic and Atmospheric Administration, U,S. Department
of Commerce, grant number NA80AA-D-00038, under provisions of the National
Sea Grant College and Programs Act of 1966. This information is published
by the Marine Advisory Program which functions as a component of the
Florida Cooperative Extension Service, John T. Woeste, dean, in conducting
Cooperative Extension work in Agriculture, Home Economics, and Marine
Sciences, State of Florida, U.S. Department of Agriculture, U.S. Department
of Commerce, and Boards of County Commissioners, cooperating. Printed
and distributed in furtherance of the Acts of Congress of May 8 and June
14, 1914. The Florida Sea Grant College is an Equal Employment Opportunity�
Affirmative Action employer authorized to provide research, educational
information and other services only to individuals and institutions that
function without regard to race, color, sex, or national origin.

Copies available from:

Marine Advisory Program
Florida Cooperative Extension Service
G022 McCarty Hall
University of Florida
Gainesville, FL 32611

1/lM/82


