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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 standpoint of
their recreational and commercial vessel traffic as well as because they
serve as harbor refuge for boats during unexpected severe weather and waves.
Unfortunately, inlets and harbors also contribute significantly to the beach
erosion problems that are prevalent along much of Florida's shoreline. The
complexities of the hydraulic and sediment transport mechanics in the vici n-
ity of inlets present a formidable challenge to engineers and scientists.
These factors, along with the interesting historical role that inlets have
played in the early development of Florida, have resulted in considerable
documentation pertaining to the major inlets of the State.

This report on Clearwater Pass is one in a "Glossary of Inlets" series to
be prepared under the Florida Sea Grant College project, "Glossaries of
Tidal Inlets in Florida." The purpose of this series is to provide for each
inlet a summary of the more significant available information and to list
known documentation. It is hoped that this series will yield an improved
understanding of the overall effect of each inlet on the econmics,
recreation, water quality, and shoreline stability of the surrounding area.
The proper future management, use and control of Florida's inlets will
require an appreciation of the evolution and past response of the inlets as
well as considerable future study.
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1. 1 Descri tion and Location

I . INTRODUCTION

Clearwater Pass  formerly Little Pass! is a natural inlet on the west
coast of peninsular Florida connecting the Gulf of Mexico with Clearwater
Harbor  figure 1.1!. Bathymetry and other pertinent navigational infor-
mation appear on the National Ocean Survey Nautical Chart No. 11410, 18th
Edition, 14 June 1980  supercedes the U.S. Coast and Geodetic Survey Chart 8
858!. Located in Pinellas County, it is within the corporate limits of the
city of Clearwater, about 24 kilometers south of the mouth of Anclote River
and 40 kilometers north of the entrance to Tampa Harbor.

Historically, the inlet is believed to have been in existence during the
days of the original Spanish exploration of this area  COEL/1977!.
Clearwater Harbor tapers towards the south to a very narrow waterway  " The
Narrows" ! near Indian Rocks Beach and broadens to the north to eventually
merge with St. Joseph's Sound. Clearwater Pass is a break between two of
the barrier islands: Sand Key to the south and Clearwater Beach Island to
the north. This barrier island chain extends for 72 kilometers along the
Pinellas County mainland. Since as early as 1926, the pass has had a
history of decreasing width and increasing depth which is closely related to
construction and dredge-and-fill development within Clearwater Harbor as
well as changes in the dynamic characteristics of Dunedin and Hurricane
Passes, 5.6 and 12.1 kilometers to the north of Clearwater Pass,
res pe ct i vel y.

1.2 Navigation and Other Improvements

Over the last 20 years, the U.S. Army Corps of Engineers has been
dredging portions of Clearwater Pass to maintain a navigable channel 3
meters deep and 46 meters wide from the Gulf through Clearwater Pass, then
2.4 meters deep by 31 meters wide eastward to the Intracoastal Waterway,
with a 2 ~ 4 meter deep by 31 meter wide channel also running northward and
connecting the pass with the Clearwater Island Marina  figure 1.2!.

At least as early as 1900, sand accretion on the northern tip of
Sand Key was causing a reduction in the width of the inlet and increased
tidal velocities. In 1975, to help eliminate such erosive velocities and
maintain the structural integrity of the bascule bridge on Clearwater Pass
Avenue  which traverses the pass}, the City of Clearwater contracted to
build a 1,220 meter long jetty at the northern tip of Sand Key. More
recently the city had a 168-meter-long jetty constructed on the southern
tip of Clearwater Beach Island. Construction of these jetties along with
periodic dredging will effectively limit any further migration of the Pass.

The U.S. Army Corps of 'Engineers is currently investigating the feasi-
bility of Federal navigation improvements at Dunedin and/or Hurricane
Passes. Improvement of either of these inlets may have an impact on the
size and composition of the commercial and recreational boat fleet presently
using Clearwater Pass.
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FIGURE 1. 2. Federal Navigation Pro ject  courtesy:
U. S. Army Corps of Engineers, Jacksonville
District! .



1.3 Socioeconomic Conditions.

Pinel las County' s abundant coastline has historically attracted many
forms of development, from the fishing town of Tarpon Springs in the north
to the urban centers of Clearwater, the county seat, and St. Petersburg to
the south. Currently, over half of the entire land area of the county is in
some form of urban or suburban development. The county's resident popula-
tion increased 39 percent between 1960 and 1970 and 39 percent between 1970
and 1980. The resident population in 1980 was approximately 728,409  Bureau
of Economic and Business Research, 1980!. Pinellas County holds the largest
population within the smallest area of any county in Florida {U.S. Army
Corps of Engineers, 1981!. Associated with this high density are growth
pressures that are expected to have a continuing impact on the remaining
land available for development. Mithin the Clearwater area, a majority of
the land is committed to low density use  U.S. Army Corps of Engineers,
1981! .

The county's extensive bay and Gulf coastline combined with a moderate
winter climate have made water-related recreational activities extremely
popular. A 1971 study  prior to the construction of Disneyworld in Orlando!
conducted by the State Department of Commerce showed that more tourists
chose Pinellas County as their destination than any other Florida county.
In 1970, 26 percent of the peak county population were visiting  transient!
tourists. The 1980 census showed a continuing high percentage of transient
population. Consequently the county's economy continues to be heavily
oriented toward the tourism and service sectors.

1.4 Comercial and Recreational Fishin

In 1969 Pinellas County commercial fishermen accounted for 2,820,363
kilograms or 5.3 percent of Florida's total fish and shellfish harvest. In
1979 the county's harvest of 3,520,771 kilograms, valued at $6.7 mil'lion,
was 6.5 percent of t' he total for the State  National Marine Fisheries, l969
and 1978! .

Pinellas County is the third largest in the State in number of
registered recreational and commercial boats. During fiscal year 1978-79,
over 29,000 boats were registered in the county. If 3.0 is used as a
conservative estimate of the average number of persons per family, at least
one in nine families would own a registered boat. The county is also ranked
third in the State with at least 40 boat dealers  Bureau of Economic and
Business Research, 1980!. The major boating facilities which offer dockage
and/or fuel and supplies are located on the bay side of Clearwater Beach
Island and Sand Key, and along the mainland from Clearwater to Indian Rocks
Beach. kistoric records of bridge openings for the bascule bridges 1ocated
on Garden Memorial Causeway and Clearwater Pass Avenue  with vertical clear-
ances of 7.6 meters and 7.3 meters, respectively! are shown in table 1.1
 U.S. Army Corps of Engineers, 1981!. The Clearwater Pass bridge is opened
on demand, and as indicated, the number of larger boats using the pass has
fluctuated with no significant trends in evidence. The Memorial Causeway
bridge opens on a fixed schedule with no more than 30 minutes between
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I I . GEOLOGY AND EhlV I RONNlENTAL SETTING

2.1 General

Florida occupies only part of a much larger geographic division, a great
continental plateau. This plateau is par t of the old land continent of
Applalachia which submerged in the Upper Cretaceous period. Upon the meta-
morphic rocks of this platform marine deposits attest to several per! ocs
uplift and subsidence. All of the territory comprising Florida today i-
underlain by limestone, marl, and dolomite. Dolomite outcrops are
interspersed along the upper west coast and as far south as Sarasota Coun:y.
Sand material is believed to have come from the Appalachian highland,
carried to the sea by rivers and streams. It drifted southward alon> the
shoreline by the action of waves and currents. Some of it was deposited
barriers, spits, and recurved spits, while the remainder was distributed
over the wave cut terrace  Per Bruun, 1958!.

During Pleistocene time, the sea stood above and below its present
level, submerging greater and lesser portions of the land according tc its
height. Whenever it remained relatively stationary for a long period
 stillstand!, waves and currents washing back and forth across the sea",loor
formed an essentia11y level surface called a "terrace." Upon retreat ".f the
sea to a lower level, each terrace emerged as a level plain having a siight
seaward dip. The landward margin of such a terrace is the abandoned
shoreline, which is generally marked by a low scarp  Heath and Smith, I954!.
Discussions of the Pleistocene history and the terraces in Florida are
included in a report by Cooke �945!. Three of these terrraces, the Paml-:-
 sea level approximately 7.6 meters above present level!, Penholoway
 approximately 21 meters above present sea level !, and Wicomico  app, oxi-
mately 30 meters above present sea level! have been recognized in Pinel1as
County, The locations of these terraces within Pinellas County are
displayed in figure 2. 1.

Geologic formations that are exposed in Pinel',as County range from d-
posits of early I'miocene Age  the Tampa formation! to undifferentiated aeoos its
of P'liocene and Ple',stocene Age. Those below t' he Pliocene and Pleis;oce»e
are exposed in a series of belts across the county  figure 2.2!. A geo og',
cross section and block diagram with cross-sections displayed in figure i;,3
show the vertica1 extent of the different formations as well as the loca.
tions of the Pleistocene terraces.

2.2 Present Barrier Island and Offshore Geology

The barrier island-nearshore sediment environments of the centra',
-lorida gulf coast near Clearwater Pass demonstrate complex interrelation-
ships between the modern coastal environments and the relict sediments of
earlier Ilolocene coastal systems. 0 pre-Holocene wave-cut surface i;i the
»iiocene and Pliocene carbonate rocks, at 5 to 6 meters below sea level,
flanks an erosional headland and forms a plane upon which the coasta'
ments of the Holocene transgression are deposited  Riggs, 1974!.
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It is believed that the barrier island-lagoon system first developed on
the Miocene rock surface somewhat seaward of its present location at a 1owar
stillstand. lilith continued slow rise of the sea, the barrier system has
migrated up and over the lagoonal sediments and intersected the Miocene
headland at Indian Rocks Beach.

The morphology of the sediment units within the Clearwater Pass coastal
system are constantly being modified and the sediments redistributed by day-
to-day biological and hydrological corrosion  organisms decompose and break
up rock, and tides and waves move them! as well as periodic major climatic
disturbances  tropical storms, hurricanes, and winter storms!. At present
the area has essentially no major outside source of sediments because of its
very low topographic relief and lack of major rivers discharging into the
area. Consequently, the day-to-day processes must now supp'ly the bulk of
the nourishing sediments which help maintain the present barrier island-
lagoonal system  Riggs, 1974!.

2.3 Sedimentar Rocks and Offshore Sediments

Rocks and sediments of the Pinellas County area to a depth of 3-6 meters
below mean sea level can be divided into si'x units. From the oldest to the
youngest these units are: a! Miocene carbonate rocks, sandy carbonate
rocks, and greyish-green, waxy clay  M!; b! Prerecent, shelly sand  A!;
c! Prerecent dark muddy sand  B!; d! Recent beach and pass sand and shell  Rbp!;
e! Recent offshore bar sand and shell  Rob!; and f! Recent mud and sand
 Rm!. The first units are ancient rocks, while the latter three are forming
today  Winston, et, al, 1968!. Figure 2.4 shows the distribution of these
units in the vicinity of Clearwater Pass.

The offshore sedimentary units, approximately 1.6 kilometers north of
Clearwater Pass, include from shore seaward: a! Recent beach and pass sand
and she11; b! Prerecent muddy sand  unit B!; c! Recent offshore bar sand and
shell  Rob!; and d! Miocene limestone  M!.

The thickness of the sediments overlying bedrock is variable, increasing
from nearly no-cover, 1.6 kilometers offshore, to 5.5 meters at the
shoreline. Figure 2.5 shows the sediment thicknesses offshore from
Clearwater Pass.

The offshore sedimentary units of north Sand Key, just 1-6 kilometers
south of the pass, are the same as those occur ring off Clearwater Beach
Island. The distribution, however, is considerably different in that the
prerecent muddy sand is much narrower and the Miocene  N! and recent
offshore bar sands  Rob! are exposed very close to shore. Miocene limestone
is exposed over much of the area at depths of 6 meters, rising ta 5 meters
or less near shore, and are covered with local, patchy accumulations of the
offshore bar sands. These elongated sand bars cover considerable area but
are generally less than 2 meters thick  Winston, 1968!. See figure 2.6 for
geologic cross sections constructed for profiles 1.6 meters north of
Clearwater Pass and 1.6 and 4.8 kilometers south of the pass.

10
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2.4 Local Environment

Before man's intrusion the Clearwater Pass area was characterized by
low barrier mangrove islands with shallow lagoons between them and the
mainland. Most of Clearwater Beach Island and the northern end of Sand Key
are now heavily developed with both private residences and commercial
establishments, including many tourist facilities. Several mangrove islands
east of Clearwater Beach were connected and elevated with fill dredged from
the bay bottom and developed into a residential area. The fill on which the
Garden Memorial Cause~ay was constructed was also dredged from the bay
bottom. Several small emergent islands that f'lank the western side of the
Gulf Intracoastal Waterway, and one larger island just south of the causeway
 see figures 4.1 and 6.4! were originally disposal sites for construction
and maintenance of the Clearwater Pass project and the Intracoastal
Waterway.

In 1980, the U.S. Fish and Wildlife Service conducted an environmental
assessment in the Clearwater area in conjunction with a recent Corps of
Engineers navigation study  Corps of Engineers, 1981!. Much of the infor-
mation in the following sections was obtained from this report.

2 .5 Bay Marine Environment

Natural water depths in Clearwater Harbor average from 1.5 to 2. 1 meters
with considerably deeper depths adjacent to finger developments. The deeper
areas do not support productive aquatic habi tats. The shallow bay shoals,
especially adjacent to the large emergent disposal site south of the
causeway, support seagrass beds. The locations of these beds can be iden-
tified by examining aerial photographs of the pass. Significant seagrass
beds also occur on shoals adjacent to the mainland.

Sea grasses which occur in the area are utilized extensively by benthic
algae as substrate. One of the most common algae species in the area is
Fnteromorpha. Copepods dominate the zooplankton; their numbers peaking

« f

components of the grass flat complex. Pink shrimp, brown shrimp, grass
shrimp, blue crabs, horseshoe crabs, and mud crabs make up the greatest
number.

The grass flats and other shallow areas near Clearwater Pass are impor-
tant nursery and feeding areas for a number of finfish, important to the
sport and commercial fishing industry. These include spotted sea trout, red
and black drum, flounder, mullet, sheephead, mangrove snapper, spot, and
snook. During 1976, over 2.3 million kilograms of finfish and 1.1 million
kilograms of shellfish, exc1uding bait fish, were landed in Pinellas County.
A large percentage of these animals spend at least a part of their life in
shallow estuarine areas such as are found in Clearwater Harbor.

14



Grass flats also provide important feeding grounds for a large number of
birds including grebes, loons, mergansers, scaups, pelicans, gulls, and
terns. At low tides portions of the flats are exposed and shore birds can
also feed on them. The high diversity of organisms associated with the
dense stands of sea grass provide an important food source for many of the
bird species found throughout the area.

2.6 Offshore Marine Environment

Offshore Gul f marine animal communities can be divided into four broad
types based on substrate. They are: the rock community, the rippled sand
community, the algae-coated sand community, and the muddy sand community.
Of these, the rock communities lying on the exposed Miocene rock surfaces
are by far the most luxuriant and diverse. Where well developed, they con-
sist of a wide variety of sponges, gorgonian seawhips, abundant pelecypods,
a variety of gastropods, abundant barnacles, sabellarid worms, encrusting
bryozoans, worms and algae, and boring worms and pelecypods. Where rock
populations are less developed, they consist of barnacles, mytilus, boring
worms, pelecypods, and encrusting worms and bryozoans. Coral s and sponges
are rare or sparse  Winston, et. al, 1968'.

2.7

Several animals listed as endangered or threatened by the U.S. Fish and
Wildlife Service are known to occur in the Clearwater Pass and adjacent bay
and barrier island area. Atlantic loggerhead sea turtles are known to nest
on Caladesi Island annually, and the Keep's ridley and green turtles may
nest there periodically. All three species are considered threatened or
endangered. Although Clearwater Pass is not within the designated critical
habitat for the West Indian Manatee, they are found in the area. Of course,
the brown pelican is common along the entire coast.

15



I II. CLIMATE AND STORM HISTORY

3.1 General

The Pinellas County area is favored with seasonably mild weather all
year round, and this plus its proximity to the Gulf make the area very popu-
lar for tourists, especially during the winter months. The year-round
average temperature is approximately 22.2' C with average high temperatures
generally running 5.6 degrees higher �7.8 C!, and average lows 5.6
degrees less �6.7 C!. The average annual rainfall for the area is
approximately 112 centimeters, and the majority of precipitation occurs
during the months of June through September. Average sea temperatures range
from a low in January and February of 21.1' C. to a high of 30' C in August.

3.2 Winds

Prevailing winds are from the northeast and north during the winter
months, while the remainder of the year they are predominantly from the east
and south. Figure 3.1 shows a wind rose compiled from The Summary of
Synoptic Meteorological Observations  SSMO! for Region 25  central and
northern Florida Gulf Coast!, and cover a 9-year period from 1963 to 1971.
Fi gure 3.2 contai ns the rose for the Tampa area compiled from data furni shed
by the U.S. Weather Bureau {now the National Weather Service! at that sta-
tion and covering the years 1930 to 1936. Yearly cumulative average winds
over the Gulf Coast, compiled from records of the U.S. Hydrographic Office,
are sho~n in figure 3.3. This diagram represents the yearly average winds
that have prevailed within the 5-degree square off Pinellas County  U.S.
Army Corps of Engineers, 1981!.

3.3 Swells and Waves

Waves generated in distant storms that have advanced into areas of
weaker winds or calm are called swells, and they are characterized by more
regular and longer peri od wave motion. A yearly ocean swelI rose for deep
water off Taripa Bay is illustrated in figure 3.4. It can be seen that the
largest percentage of onshore swell is from the southwest. Waves generated
by local wind conditions are in general agreement with the offshore wind
rose for Tampa. The yearly wind wave rose for deep water off of Tampa
Harbor is presented in figure 3.5. The wind wave and ocean swell data
represent statistical summaries of wave data for a 3-year period developed
by hindcast techniques in 1945. The deep water location for the hindcast is
about 161 kilometers offshore, west of Tampa Harbor { U.S. Army Corps of
E ng i nee rs, 1945 !,

The hindcast ocean swell and wind wave information indicates that waves
affecting the Clearwater Pass study area rarefy exceed a height of 1.8
meters and generally average less than 1 meter with a period of about 5
seconds. It should be noted that the wave swell data is compiled from
figure 3.6. Offshore observations and statistical summaries will vary con-
siderably for areas with dissimilar bathymetry due to wave refraction,
diffraction, shoaling, etc.
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In 1980 the University of Florida's Coastal and Oceanographic
Engineering Laboratory began mnitoring wave data from a pressure tran. ducer
installed about 2 kilometers off the coast of Clearwater Beach Island.
Statistical information obtained from this offshore wave data, as well as
estimates of nearshore wave climate, longshore sediment transport rate!,
etc., would be more reliable than earlier approximations derived from hind-
cast techniques.

3.4 Storms and their Effects

Tropical storms with wind velocities ranging from 32 kilometers per hour
to hurricane force are the chief generators of the larger waves and wind
tides in the study area. Local frontal storms of unusual intensity are also
generators but their effects are comparatively less  Corps of Engineers,
1966!.

The paths of hurricanes which have passed within 80 kilometer and
240 kilometer radii of Pinellas County between 1830 and 1980 are shown in
figure 3.7 for the period 1830 to 1964 inclusively. Since 1830 a tota'I of
60 known hurricanes and tropical disturbances have influenced the Pinellas
County coast. Of that total, 26 were classified as being of hurricane
intensity and 34 of less-than-hurricane force. Data on major hurricanes
that have affected the area and, to the extent available, on local frontal
storms that have caused considerable erosion and damage are presented below
 U.S. Army Corps of Engineers, 1966!.

a. Hurricane of October 1-18, 1910. Originating in the astern
Caribbean Sea, t s rricane passe over uba and saved northward in the
Gulf for 3 days, passing inland approximately 80 kilometers south of Tampa.
As the storm passed southeast of Tampa Bay, water levels at the mouth of
Hillsborough River were lowered to minus 2 meters by northeast winds, and
when the wind shifted to south some 14 hours later, they rose to plus 1
meter, a total differential of 3 meters. Losses were not considered severe.

b. Hurricane of October 21-31, 1921. This storm was considered one
of the most severe to strl e e u oast of Florida in the present
century. It originated in the Caribbean Sea, followed a northerly path, and
crossed inland in northern Pinellas County. Almost all coastal communities
along a 240 kilometer reach from Tarpon Springs southward reported flooding
conditions which were prolonged by the slow forward movement of the storm.
Along the coast of Pinellas County, full hurricane intensity winds were
estimated to be between 130 and l60 kilometers an hour. At Tampa, where
peak winds of 121 kilometers per hour were repor ted, high tides and wave
action were the major causes of damage. A peak tide of 3.2 meters was the
maximum since the 1848 hurricane.

c. Hurricane of September 6-22, 1926. According to local residents,
damages resu ing rom e urrscane were exceeded only by those caused by
the hurricanes of October 1921 and September 19SO. It originated in the
South Atlantic Ocean and passed across Florida from Miami to Punta Rassa,
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about 200 kilometers northwest of Miami. The maximum wind velocity recorded
at Tampa was 80 kilometers per hour. The hurricane produced a tide of 1.4
meters at Tampa, and local residents reported that storm waves reached about
3 meters in height at Clearwater Beach and about 1.8 meters in height at
Indian Rocks Beach. Such waves were reported to have caused considerable
erosion damage along some sections of the beaches.

d. Hurricane of March 1932. This storm was of short duration and
was caused by a ow pressure system of considerable intensity which moved
eastward over Florida from the Gulf of Mexico. The maximum wind velocIty
recorded at Tampa was 64 kilometers per hour from the northwest. It was
reported that several islands off St. Petersburg were inundated. Waves were
reported to have broken over the city pier at Clearwater Beach during the
height of the storm. At that location, fifteen cottages, two amusement
pavilions, and a hotel were reported to have been severely damaged.
Property damage along other sections of the beaches was reported to have
been heavy.

e. Hurricane of August 31-Se tember 8, 1935. First observed east
of Turks Islan n t e a ama s an s, an trave ing toward the Florida
Straits, this hurricane soon passed up the west coast of Florida and crossed
inland approximately 160 kilometers northwest of Tampa. Maximum wind velo-
city at Tampa was 120 kilometers per hour from the southeast. Some flooding
occurred in the Tampa area as tides rose to 1.6 meters above normal. It was
reported that many sections of the beaches were covered with water.

f. Hurricane of October 13-21, 1944. This storm originated in the
western Cari an ea sou o ran ayman sland, moved across Cuba,
entered the west coast of Florida about 80 kilometers south of Tampa, and swept
northeastward almost directly over Tampa. The maximum 5 minute average wind
at Tampa was 90 kilometers per hour from the northeast, with gusts up to
160 kilometers per hour. Considerable erosion damage was reported and
several beach protective structures were destroyed.

g. Hurricane of June 19-27, 1945. Developing near British Honduras
and moving irect y nort ar in o t e gu f, this storm curved northeast and
crossed Florida at a point about 121 kilometers north of Tampa. The
hurricane was accompanied by winds of 79 kilometers per hour, recorded at
Tampa. At Sunset Beach  Treasure Island!, a 0.8 kilometer section of
seawall was destroyed and an entire colony of cottages collapsed due to
failure of the wall and undermining of the cottage foundations.

h. Hurricane of August 24-29, 1949. This storm fondled northeast of
the Leeward s an s an reac e u urr cane intensity as it passed north
of the Bahamas, crossing inland from West Palm Beach to a point on the gulf
coast about 16 kilometers north of Tampa. Southwest ~inds of 80 kilometers
per hour were reported at Tampa, with gusts up to 108 kilometers per hour.
A tide of 1.5 meters was recorded at Tampa. At Clearwater Beach it was
reported that the high tide caused water to flow across the island a short



distance north of Causeway Boulevard. It was also reported that several
hectares of beach along the south part of Clearwater Beach Island were
washed away.

Hurricane of Se tember 1-7, 1950. Forming over the western
Caribbean Sea an pass ng over u a an n o the Gulf of Mexico, this storm
paralleled the Florida coastline, described two loops near the Gulf Coast
approximately 160 kilometers north of Tampa before curving southeastward to
within 43 kilometers north of Tampa, at which point it recurved and traveled
northward into Georgia. Pinel las County beaches were exposed to wind-driven
waves for more than 48 hours. Along Pinellas County beaches homes,
buildings, seawalls, streets, and sidewalks were damaged. In places, the
shoreline receded as much as 21 meters. Serious flooding from tides, esti-
mated as being between 1.8 to 2.4 meters, resulted in damage to homes along
the beachfront. At Blind Pass, water was reported to have been within
0.6 meters of the bridge decking; at Sunset Beach, on Treasure Island, 2.4
to 3.0 meter high waves were reported. Tides were highest in Tampa since
the 1921 hurricane.

j. Hurricane of Se tember 3-13, 1960. "Donna" ranked as one of the
great storms o t e century. A ter orm ng n the Cape Yerde area, "Donna"
traveled west past Puerto Rico and Cuba and crossed directly over the central
keys. From there it curved northward along the gulf coast to a point
approximately 120 kilometers south of Tampa, where it moved inland to emerge
on the Atlantic Coast at a point about 112 kilometers southeast of
Jacksonville. In the Tampa area, offshore winds in the first phase lowered
water levels. Second phase winds of 105 kilometers per hour were onshore but
greatly diminished as the hurricane center mved inland over Florida. Peak
tides were below 1.2 meters.

k. Storm of Se tember 29, 1963. An intense low pressure area over
the Gulf, last ng a most a wee, pro uced winds gusting up to 112 kilometers
per hour, and caused considerable damage to Pinellas County beaches.
Although the storm was not a hurricane, tides were reported to be the
highest in 13 years, washing over all causeways between Pinellas and
Hillsborough Counties. Winds, together with spring tides, caused water
levels to increase 1.2 to 2.4 meters above normal. Damage was particularlly
severe at Sunset Beach on Treasure Island where many homeowners reported
flood waters 0.6 meters deep. Some seawall failures occurred at Treasure
Island.

1. Hurricane of June 4-14, 1966. "Alma" caused some serious ero"
sion problems a ong reasure s an , and Key, and Clearwater Beach Island.
Tides were 1.2 meters above normal  St. Petersburg Times, June 10, 1966!.

m. Hurricane of October 20-29, 1968. "Gladys" originated in the
west Caribbean ea an ma e an a approximately 37 kilometers north ot
Clearwater. This hurricane was termed the worst in 15 years and caused
extensive damage to sea walls and beach erosion  St. Petersburg Times, Oct
19-20, 1968! .
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3.5 Hurricane and Tro ical Storm Summary

Since 1830, a total of 45 known hurricanes and tropical disturbances
have passed withfn a 80 kilometer radius of Pinellas County; of this total,
20 were classifed as being of hurricane intensity and 25 of less than hurri-
cane force. Since 1900, 13 hurricanes and 16 tropical disturbances have
passed within a 80 kflometer radius of the area. The accuracy af data prior
to 1900 is questionable. The relative frequencies of major storm occurances
passing within a 80 kilometer radius of the area for specific time intervals
is given below:

HURRICANES AND
TROPICAL DISTURBANCES

HURRICANES PASSING MITH
AN 80 Km RADIUS

eatve

Number Fre uenc
e ative

Number Fre uencPERIOD
sn yrs

1 in 5yrs
1in61/2 rs

sn yrs
29 1 in 2 1/4 yrs
45 1 in 3 rs

1900-1964
1830-1964

13

20

If it is assumed that these hurricane events occur randomly and the
simultaneous occurrence of these events has a negligible probability, then
the randam variable  the occurrence of a hurricane! can be approximated by a
Poisson distribution  Miller and Freund, 1965!. The probability of having k
number of events within a specified time interval t  years! is given by the
following relation:

P Lx = k] = e k �.1!

where A. = vt the average ~umber of occurrences in time t

Using the hurricane data for the 81 year period between 1900 and 1980,
the probability that no hurricane will pass within an 80 kilometer radius of
Pinellas County during any given year is 0.82 or 82 percent, while the pro-
bability that no tropical storms will pass within thfs radius is 67 percent.
This means that the probability of at least one hurricane passing within an
80 kilometer radius of Pinellas County during a 1 year period is 12 percent.
Likewise, in any 1 year the pr obability of at least one tropical storm
passing within this radius 33 percent. Using the same data, the probability
of at least one hurrfcane passing within an 80 kilometer radius within the
next 5 years is 63 percent.
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n. Hurricane of June 15-22, 1972. Although "Agnes" passed 260
kilometers wes o ne as oun y, caused damage to structures along the
coast and beach erosion. Tides were reported to be 1.5 to 1.8 meters above
normal  St. Petersburg Times, June 21, 1972!.



3.6 Storm Flood Plain

IV. HISTORY

4. 1 Gene ra 1

Information regarding Government land grants on file with the U.S.
Public Land Sales Office reveals that Clearwater Beach Island, approximately
65 hectares, was originally purchased by a Nr. Ernest Tate for $200.00 in
1898. Shortly afterwards it was resold for approximately $2,000.00 and sc
began the speculative coastal land sale business. Today $2,000 per front
foot of beachfront property would be considered a conservative estimate.

4.2 Chronology of Events

Clearwater Pass is believed to have been in existence during the times
of early Spanish exploration, and is probably the oldest pass in the area.
The earliest available map �879 USC and GS Coast Chart 0 177! shows Little
Pass, as it was formerly called, as a rather narrow break in the barrier
island. Over the past 100 years inlet and bay system has been subjected to
frequent alterations both man-made  development and construction! as well as
natural  ocean swell, windwaves, storms, wind, etc.!. The following is a
chronologic listing of most of the significant man-made alterations. These
events, in conjunction with historic storm inforeation, provide a descrip-
tion of the influences of the forces that have been at work in shaping and
making the Clearwater Pass Inlet and bay system as it is today.

EVENTYEAR

Federal land grant for the sale of Clearwater Beach
Island.

1898

Hurricane caused a break-through in Hog Island  now
Caladesi and Honeymoon Islands!. After the storm, it
remained opened and stable and was named, appropriately
enough, Hurricane Pass.

1921

27

According to the Federal Insurance Administration's Flood Hazard
Boundary Map H 01-15  Community No. 125096A!, Clearwater Beach Island to
the north of the pass and Sand Key to the south lie within the V13 zone.
This means that they are within the designated 100 year coastal flood plain.
The 100 year or base flood describes the statistical chance or probability
of 1 percent that a flood of designated magni tude  in this case elevation
+3.7 meters HSL! will occur wi thin any given year. During the 100 year
flood, these islands would be inundated and subjected to wave action. With
the exception of a narrow band along the mainland and areas adjacent to
drainage channels, the majority of land within the city of Clearwater is
above the 500 year flood plain. This is because the city is located on the
Penholoway terrace formed during the Pleistocene epoch.



1924

1925-27

1950

1952

Clearwater Beach Island was christened by a real estate
development company as "Mandalay" and advertised widely
in popular magazines as "The isle of a thousand palms."
This was the beginning of the development boom.

The construction of the Garden Memorial Causeway was ini-
tiated and completed. This causeway replaced an old pile
bridge and created a significant barrier to flow between
Clearwater Harbor and St. Joseph's Sound. Although it
improved the flow regime through Dunedin Pass, ft reduced
the effective bay area for Clearwater Pass.

1! The first phase of construction on the Island Estates
residential area was initiated. Much of the land mass for
this residential development was pumped up from the adjacent
lagoon bottom, thus further reducing the bay area; 2!
Approximately 115,000 cubic meters of beach fill wer»
placed on the southern end of Cleanvater Beach Island.
Of that amount, 23,000 cubic mters were placed by the city
on the south end of Clearwater Island Public Beach. The
remainder was placed on private property further south; 3!
The city of Clearwater also constructed two groins at the
southern end of the public beach to help stabilize the
eroding shoreline.

A 150 meter long concrete pier groin, 91 meters of which
consisted of concrete slab baffles, was constructed,
near the southern end of Clearwater Beach Island to help
reduce erosion.

1957

1960

1961-1963

A storm caused a small break-through in Sand Key south of
Clearwater Pass, but it closed shortly thereafter.

Congress authorized a Federal navigation project at
Clearwater Pass, and the H.S. Army Corps of Engineers
dredged a navigation channel 3 meters by 46 meters from the
Gulf through the inlet with two branch bay cha~nels 2.4
meters deep by 31 meters wide. One of these turns north
ending at the Clearwater Municipal Marina, while the other
continues eastward to intersect with the Gulf Intracoastal
Waterway.  See figure 4.1!.

1! The Federal Government constructed the portion of the Gulf
Intracoastal Waterway that passes through St. Joseph's Sound
and Clearwater Harbor. Dredged material was pumped into
disposal areas  now islands! paralleling the waterway; 2!
The city of Clearwater constructed an additional seven
groins to help protect the southern Clearwater Beach Island
shoreline; 3! the Clearwater Pass bascule bridge was
constructed with 7.3 meter clearance. The southern bridge



1964

1965

1967

1969

1970

1973

abutments caused an eddy pattern with low velocity flow
where sediment could fall out of suspension. Consequently
the area near the abutments eventually accreted enough sand
to become high and dry; 4! Anothe~ concrete baffel-type pier
groin was constructed by the ci ty. In addi tion, the city
began an annual program of placing large quantities of
rubble and fill at the southern limit of public property
near the pass.

Construction of Honeymoon Causeway connecting Honeymoon
Island with the mainland was completed, adding an additional
restriction to the tidal flow in and through St. Joseph' s
Sound. This boxed in the lagoonal area east of Clearwater
Beach Island, and had a considerable impact on the dynamics
of Dunedin and Hurricane Passes. This, no doubt, had some
impact on Clearwater Pass' flow regime also, although the
change was not as significant.

The Corps of Engineers performed maintenance dredging of the
Intracoastal waterway south of the Garden Causeway.
Approximately 23,000 cubic meters were removed from the chan-
nel and placed in existing disposal islands.

The first maintenance dredging of Clearwater Pass
 navigation project! was conducted, removing shoal s in th
pass and bay project channels. Dredged material was pump d
into four submerged disposal areas, one south of the
entrance channel, and three flanking the bay channel ~

The Corps of Engineers performed the second maintenance
dredging at the Clearwater Pass. Shoal areas were removed

from the entrance channel and along the intersection of the
two bay channels  just inside the pass!. These two loca-
tions proved to have shoaling problems. The dredged
material was pumped to Gulf and bay disposal areas.

The conclusions of a University of Florida Coastal and
Oceanographic Laboratory Study indicated that due to sand
accretion on the northern tip of Sand Key, the pass was
becoming narrower and deeper. This deepening trend posed a
threat to the structural safety of the Clearwater Pass
bridge.

The U.S. Army Corps of Engineers performed the third main-
tenance dredging of the Clearwater Pass entrance channel
and branch intersection of the bay channels. All material
was placed in an upland disposal site at the northern end
of Sand Key.
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Completion of a University of Florida Coastal and Oceano-
graphic Eng~neering Laboratory study, receival.nding the
construction of a 1,200 meter long south jetty and an
244 meter long north jetty. The study results indicated
that this work in conjunction with pe~iodic dredging in the
inlet  to maintain the cross-sectional area of flow! would
improve the navigational safety of the pass and decrease
maximum flow velocities around the bridge piles.

j.973

The city of Clearwater fixed the southern limit of the inlet
by constructing a 1,280 meter long jetty  including seawall
and rubble mound! at the northern end of Sand Key.

1975

The U.S. Army Corps of Engineers performed the fourth main-
tenance dredging of the Clearwater Pass  entrance channel
only!. All material was placed as beach fill on the
northern tip of Sand Key behind the jetty.

1977

The University of Florida's Coastal and Oceanographic
Engineering Laboratory began monitoring wave data from a
pressure transducer installed about 2 kilometers off the
coast of O'Iearwater Beach Island.

1980

The city of Clearwater fixed the northern limit of the pass
by constructing a 168-meter-long jetty on the southern tip
of Clearwate~ Beach Island.

1981

The city of Clearwater purchased an hydraulic dredge
plant and began dredging operations in the pass. Material
was used to nourish eroded beaches on the northern end of
Sand Key, ~iden city beaches on Sand Key and Clearwater
Beach Island, and to fill in the scour hole around several
of the Clearwater Pass Bridge piers.

1981

4.3

30

The initial construction and maintenance dredging of the Clearwater Pass
project was accomplished with hydraulic dredge plant. Table 4.1  coui tesy
of Jacksonville District, U.S. Army Corps of Engineers! gives the dredging
record for all work on the project channels from 1960  initial construction!
to 1977. The letters correspond to disposa1 sites and their locations are
displayed in figure 4.1.



Location of Disposal Areas for Initial Construc-
tion and Subsequent Naintenance of Federal Navi-
gation Project  courtesy: U.S. Army Corps of
Engineers!.
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TABLE 4.1
Dred in Records for Clearwater Pass, Florida

nc us ve

Contract Plan Amount Dredged
Drawing  Pay guantity!
Sheet No. Year Cubic Meters Cost Dis osal Sites

57-26, 827-11 1960* 127,700  nw!* A, B,C,D,E

A,B,C,D,E

A E k*

TOTAL 483,543 cu. mtrs. $835,623

* nw! refers to initial construction,  m! reters to maintenance dredging
+* diked di sposal areas

4.4 Inlet Dred in and Beach Nourishment

In 1979 the city of Clearwater purchased a dredge plant with. 36 cm suc-
tion and 30 cm discharge pipes. Appropriately named "Clearwater Pass," the
dredge began its first project excavating material from the pass in
February, 1981. The purpose of this project. was two-fold: 1! widen the
inlet cross-section to reduce maximum tidal velocities and pr'event addi-
tional scour around the Clearwater Pass Bridge piers, and 2! use the exca-
vated material to nourish eroding beaches on the northern end of Sand Key,
widen city beaches, and fill in the inlet scour hole. Approximately 840,000
cubic rm.ters of material will be removed from the pass during the project.

On Sand Key, beach nourishment will extend appr'oximately 3.2 kilometers
south of the pass and include 2.3 kilometers along privately owned land and
0.9 kilometers of public beach. Property owners along the 0.4 kilometers of
shoreline immediately south of the public beach do not have an erosion
problem and are not participating in the project. From the southernmost
limit of the project, the first 460 meters of beach will have a 90 meter
width, while the remaining project beach wil 1 have a 45 meter width  to mean
high water!. The wider beach is intended to provide a reserve of littoral
material. The beach will have a +2 meter  MSL! elevation at its landward
limit and include a small berm with a maximum elevation of +3 meters. A
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57-29, 948 1967

57-30, 598 1969

57-36, 857 1973

57-32, 335 1977

61,885  m!

55,701  m!

96,241  m!

142,016  m!

$68,489

53,184

62,255

340,256

311,439



total of 570,000 cubic meters wil'I be placed on Sand Key beaches, 230,000 of
which will be pumped on the public beach. Of the remaining material,
approximately 80,000 cubic eaters wi'll be pumped along 910 meters of public
beach on Clearwater Beach Island, while 190,000 cubic meters wil'l be pumped
into the scour hole.

The city anticipates completing nourishment of the private portions
along Sand Key by late 1982, and the Sand Key city beach should require an
a ddi ti onal 6 mon ths.

V. MORPHOLOGY

5.1 Ma s, Surveys, and Photo ra hs

Clearwater Pass originally appeared on the 1879 USCAGS Coast Chart ¹
177. This chart is reproduced in figure 5.1. The pass now appears on
National Ocean Survey's nautical chart ¹ 11410, 14 June 1980,  the latest
edition!. It also appears on the "Clearwater, Fla." topographic quadrangle
map, containing hydrographic data compiled from Nos. 858 {1974! and 1257
{1973!.

Clearwater Pass and its adjacent land areas were first surveyed by the
USC 8 GS in 1883  Topographic Sheet No. 1301a! as part of a more extensive
sur vey of the Florida coastline. This agency again performed bathymetric
and high water shoreline surveys of the area in 1924  Topographic Sheet No.
T4214! and 1939  Topographic Sheet T5823!. Similar surveys have been per-
formed by the U.S. Army Corps of Engineers in 1950 and 1964-5. In 1974 the
Florida State Department of Natural Resources  DNR!, in connection with the
coastal construction setback line study, conducted a survey of coastal
beaches along the barrier islands adjacent to Clearwater Pass. Beach pro-
files were taken at approximately 305-meter interva'ls, with a permanent
reference monument set for each profile location. The profiles at every
third mnument were extended 914 meters offshore, with mean sea level depths
of greater than 6 meters. The remaining profiles were taken to wading
depth.

Before and after dredging, surveys were conducted within the federally
authorized project limits by the U.S. Army Corps of Engineers in 1960-61,
1967, 1969, 1973-74, and 1977. The reference numbers for these maps are
given in table 4.1.

A summary table of the known aerial photography of Clearwater Pass that
was taken prior to 1975 is contained in U.S. Army Corps of Engineers GITI
Report 75-2  Barwis, 1975!, "Catalog of Tidal Inlet Aerial Photography."
The references to aerial photography for Clearwater Pass are listed in table
5.1.
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FIGURE 5.1. First USC&GS Coast Chart of Little Pass
 now Clearwater Pass!, 1879.
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TABLE 5.1

Aerial Photo ra h of Clearwater Pass Florida

KALEEXPOSURE
DATE

1924 ~
1' 800 ftSheet South - No. 22

Sheet North - No. 21
Sheet South - No. 18

1:20,00017S138EUnknownTobin Research, Inc.
P.O. Sax 2101
San Antonio, TX 78291

1942

1:20,000lc/43,45CYYApril
1942

1:20,000VV2  Roll 549!MI $523514Dec.
1942

1:41,0004M-454USGS
Same as Dec. 1942

Sept.
1944

1:20,000SM-142USGSMay
1945

Nov.
1951

2H/16, 18, 20
2M/40, 42, 44

1:20,000

Dec.
1954

54AM89 VV/94-97 1:20,000

Nov.
1956

USGS USN/VaP62 Mll/23/5 1:30,000

Mar.
1957

CCI IT/�, 18, 38, 40 1:20,000

1959 USGS PMG58-I 4/55, 3A/102 1:10,000

es gnat on ass gne to the p otograp c miss an by the agency responsible.
7/ Cranaflex on file at Qe city of Clearwater Engineering Department.
f/ Abbreviations are made when the full address has been printed earlier in the table.

hotograp y not or sa e or general use, but available for loan an a limited basis.
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AGENCY

Hamilton Maxwell, lnc.
New York City, NY

Cartographic Archives
Div. National Archives
General Services Adm.
Washington, DC 20418

Department of Defense
Central Film Library
U.S. Geological Survey
National Cartographic
Info. Ctr. National
Ctr., Mail Stop 507
Reston, VA 22092

U.S. Dept. of Agriculture
Agricul tural Stabil ization
and Conservation Service
Programs for Performance
Div., 14th 6 Independence
Ave. SW, Washington, OC
20250

U.S. Air Force�
4/

Film held by
Defense Intelligence Agency
1221 South Fern St.
Arlington, VA 20301

USDA
Agri cul tural S tab i 1 i zati on
and Conservati on Service
Programs for Performance Div.
14th 6 Independence Ave. SW
Washington, DC 20250

PROJECT ~

Pinellas County

82 �501 BU!

18 �6 RSA!



TABLE 5.1  Continued!

SCALEEXPOSUREPRMECTDATE

Nov.
1960

AGENCY
1:36,000453060-N

1:40,00090162-3
Feb.
1962

ll20,00063-NNOAANay
1963

1: 30,0003/8475-847723/106
Nay
1966

1:40,000230A,23IA70 L  C!Nov.
1970

1:20,0009707, 97 S71-E  C!Nar.
1971

I % 100 ft,Hamrick d VogeneyMar.5
1971

GS-SldFN 3/65, 66

1225, 1224�

1:20,000Dec.
1971

USGS

1:20,000Feb.
1973�

1 $400 ft.City of Clearwater
City Engineering Office
Clearwater, FL

Apr.
1976�

1" $100 ft.Hamrick d VogeneyApril5/
1976�

1:40,0000265Sept.
1976

1' $100 ft.Hamrick d Vogeney

Range 15E/TN' 29S
Sec. 5, 6, 7, 8, 17,
18, 19, 20, 29, 30

200 ft.Florida Department of
Transportation

Recent photography included with cronaflex copies on flic with5/ City Engineer, city of Clearwater Beach, Florida.
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Dec a
1979�

Oct.
1980 '/

Aerial Photo ra h of Clearwater Pass Florida

Photo Nap and Imagery
Information Section
NOAA
Department of Cammerce
Nashington Science Center
Rockville, N 20352

Research Data Facility
NASA, Johnson Space
Flight Center, Houston,
TX 77058
 Al l NASA photography
must be purclrased from:
U.S. Dept. of Interior,
EROS Data Center,
Sioux Falls, SO 57198!

Nark Hurd Aeri al Surveys Unknown
345 Pennsylvania Ave.
South Minneapolis, Nl 55426



5.2 Chan es in Inlet Dimensions

TABLE 5.2

Histor of Inlet Width

Clearwater Pass,
me rs!Year

1879
1926
1939
1942
1950
1957
1964-65
1971
1973
1976*

110
1,390
1,070

930
770
760
700
380
340
420

rom seawa s no o pass sou ge y.pprox>ma e m n mum w
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According to the USCAGS Coast Guard Chart 0 177, figure 5.1, in 1879 the
inlet was about 107 meters wide, thus the name Little Pass. By the 1924
USChGS survey, the inlet had grown to a width of about 1,370 meters. There
are little data available between these dates; however, it is noted that the
1921 hurricane, considered to be one of the nest severe to strike the Gulf
Coast of Florida in the present century, causing storm surge elevations ia
excess of 3 meters  MSL!, may have been a significant factor in the enlarge-
ment of the pass. Historic changes in the minimum w1dth of the pass as
measured fram available surveys and aerial photography are listed in table
5.2 and figures 5.2 through 5.5 shows a visual comparison of 1924, 1942,
1971, and 1976 aerial photography of the pass. After the construction of
the Memorial Causeway bridge �925-27!, the northern tip of Sand Key began
accret1ng, thus steadily reducing the width of the pass. Figure 5.6 shows
the histor1cal variation in the minimum contr oiling widths for Clearwater,
Dunedin, and Hurricane Passes, 1ncluding the dates of major climatic and
manmade alterations to the tidal regime  COEL, 1973!. As indicated, there
seems to be a correlation between Clearwater Pass' narrowing trend and the
combined effects of the formation of Hurricane Pass and the construction of
Clearwater Causeway. Figure 5.7 shows comparative inlet cross-sections
along the Clearwater Pass bridge, fram which it is observed that the
narrowing was accompanied by a deepening trend, with the formation of a
well-defined trench along the north side of the pass. This deepening trend
which jeopardized the structural integrity of the bridge, ultimately led to
the construction of the 1,220 meter south jetty to define the northerly
limit of Sand Key migration. The c1ty of Clearwater is presently increasing
the inlet cross-section by hydraulic dredging, and pumping the material on
eroded beaches south of the pass. According to the city oceanographer, this
has reduced tidal velocities and prevented further scour around the bridge
p il i ngs.



FIGURE 5.2. 1924 Aerial of Clearwater Pass  courtesy: City Engineer,
City of Clearwater!.
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FIGURE 5.3. 1942 Aerial of Clearwater Pass  courtesy: National
Archives U.S. General Services Administration!.

FIGURE 5.4. 1971 Aerial of Clearwater Pass  courtesy: National
Oceanographic and Atmospheric Administration!.
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FIGURE 5.5. 1976 Aerial of Clearwater Pass  courtesy: National
Oceanographic and Atmospheric Administration!.
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FIGURE 5. 6. Ninimum Controlling Width for Clearwater,
Dunedin, and Hurricane Passes, Historic
Variation  COEL, 1970!.
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FIGURE 5.7. Historic Comparison of Cross Sections Taken
along Axis of Clearwater Pass Bridge    OEI,
i970! .
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5.3 Outer Coast Shoreline Chan es

TABLE 5.3

Peri od
to

3 to 1

Profile

Clearwater 8each Island

21

2 3
4

5 6 8
10
13

15
16

17/20

�! 37
�! 41�!

24

�!

Sand Key

NA20/17
20A
21

22
23
24

25

26
27

28
29
30

31
32
33

�! 97

 I!
�!
�!

�! 15

�! Average change for bracketed reach.
* Pinellas County Beach Erosion Control Study 1966,

U.S. Army Corps of Engineers .
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The comparative positions of the mean high water shoreline for theperiod from 1873 to 1965 are shown in figure 5.8  Corps of Engineers, 1966!.The mean high water shoreline changes for the same period are outlined in
table 5.3. The profile numbers correspond to the lines in figure 5.5.



The data show that the Clearwater Beach Island shoreline receded an
average of 37 meters between 1873 and 1950, and advanced an average of 41
meters  per profile line! between 1950 and 1964-65, thus indicating an
overall net advance of 4 meters  per proffle line! for the period of record.
This advance is an average for the island, and there are reaches where the
shoreline has receded or not changed in position. Part of the advance
reflects a corrective action  structures and fill! undertaken by loca'I
interests. As indicated in figure 5.8, the shoreline at the southern end of
the island has receded  U.S. Army Corps of Engineers, 1966!.

The Sand Key shoreline receded over almost its entire length between
1873 and 1950. What is indicated as extreme recession at the northern tip
of the key was due primarily to an easterly shift in island alinement. The
northern limit of the key has been advancing northward since 1939 which is
probably the result of net accretion including deposition around the
Clearwater Pass bridge abutments.

5.4 Offshore De th Chan es

The 3.7 meter �2 foot! depth contour for 1981-83, 1926, and 1950 sur-
veys are plotted fn figure 5.8. Figure 5.9 gives the 1.8 meter � foot! and
5.5 meter �8 foot! contours for these survey dates. In the reach off
Clearwater Beach Island for the period of record, the 1.8 and 5.5 meter con-
tours receded net averages of 127 meters and 163 meters, respectively. Off
Sand Key the 3.7 and 5.5 meter depth contours receded net averages of 123
meters and 230 meters, respectively. The 1.8 meter contour receded about
91 meters  U.S. Army Corps of Engineers, 1966!.

44



!

v

LEGEND

3IC J

88 ~8 H I GH WATER S HQ RELINE
1823 US C 8 GS
'126 U 5 C 8 8 S.
1939 JSC8GS.
958 LL5 E
968 88 LI 5 C E.
PROFILE LOCATION ANO NUEESER
j A, D.OQ I1948 8 3!
'IR ~ CIEIA'TE LIIEIIT

DEPTH CURVES
CONTOJR 661 69 U S C 6 G 5.

IZ CON OJR '926 U.S C. 6 G 5
,2 CONTOUR 950 U 5 C E.
'2 CONTOUR '968 65 V 5 C E.

EN
NNJ

'v

DD SCALE NE EEET
0 8888

FIGURE 5.8. Comparative T'ositions of the Mean High-water
Shoreline  courtesy: U.S. Army Corps of
Engineers, 1966!.

1/ Representation of the 1873 highwater shoreline in the vicinity of the pass is
questionable and the 1879 UE9C&GS Coast Chart, Figure 5. I, should be referred to.
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F1GURE 5.9. Comparative Positions of the Six and Eighteen-
foot Depth Contours off Clearwater Pass
IIcourtesy: U.S. Army Corps of Engineers, 1966!



VI . HYDRAULICS

6.1 Tides

Tides in the vicinity of Clearwater Pass are a mixture of semi-diurnal
and diurnal types, with the semi-diurnal component dominating  COEL, 1973!.
The weaker diurnal component produces a noted inequality in successive
tides; consequently, on an average of 22 days each anth, two high and two
low waters of varying magnitudes are predicted from the National Ocean
Survey's tide station at St. Marks, Florida. During the remainder of the
month only one high and one low water occur per lunar day. According to
the NOS Tide Tables, the mean range of bay tide near the city of Clearwater

D..d t egg i 0 ~ ".p1recording tide gages placed in the Gulf and harbor area in conjunction with
the 1973 model study conducted by the Coastal and Oceanographic Engineering
Laboratory, University of Florida, on 26 and 27 September 1972 is shown in
figure 6.1. The measurements were made during a spring tide and, as
indicated, the phase lag between gulf and bay slack waters was small.Consequently the bay spring range was only slightly 1ess than that for the
Gulf. The nearest Gulf tide reported in the Tide Tables is 21 ki aometers

f« i «~d
location has a mean range of 0.64 m and a spring range of 0.91 m. The
measured spring range �6 to 27 September 197Z! off Sand Key just South
of Clearwater Pass was also 0.91 m.

NOS presently maintains a tide gauge on a pier off Clearwater Beach
Island that is approximately 1 kilometer north of the pass. NOS' last eval-
uated the tidal components for this station in 1975 from a 330 day record.
The amplitudes of four important frequency components were: K1 Luni-solardiurnal! = 0.499, 0~ Principal lunar diurnal! = 0.479, M2 Principal lunar! =
0.787, and SZ Principal solar! = 0.301.

The ratio of the amplitudes of the principal diurnal constituents to the
principal semi-diurnal constituents, R1, is defi ned as:

R1 �,1!

The computed RI value at NOS' Clearwater Beach Station is 0.90, which is
within the mixed range as described by Marmer �951!.

1 Information obtained during telephone conversation with NOS personnel at
Rockville, MD, July 1982.
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6.2 Currents

The long shore current inside the breaker zone is usually caused by
i nci dent waves breaking obliquely to the shore and may be very strong during
periods of intense wave action. Saloman �974!, while measuring surface and
bottom currents on calm days during the middle of flood and ebb tides along
1,000 meter transects seaward and normal to Sand Key, recorded velocities
generally in the 9 to 15 centimeters per second range, and stronger in the
vicinity of the pass. These measurements were taken with a hand held
current meter. The stronger currents are caused by the variable head dif-
ference between Gulf and bay water surface elevati ons . During flood tide
the flow converges towards and into the inlet while the ebb jet draws water
from both coasts towards the inlet. On a low wave energy coast such as the
Gulf Coast of Florida the influence of these currents plays a dominant role
in sediment transport in the vicinity of inlets  Dean, 1975!. The zone of
influence over which these currents are significant will vary with
variations in the tidal range, winds, waves, and seasonal climatic changes.

Ebb current flow in the bay has its null point midway between Helleair
Shores and Indian Rocks Beach, while the flood current flow had its null
point near Belleair. In a more recent monitoring study conducted by the
Coastal and Oceanographic Engineering Laboratory �977!, it was noted that;
the bay shoals divide the flow into two major and one minor stream. The two
major flows come from the Intracoastal Waterway and the northern branch of'
the Federal inlet navigation project.

One reason tidal flows favor the north si de of the inlet is because of
the alinement of the bay channel coming from the Gulf Intracoastal Waterway.
The 1973 Coastal and Oceanographic Engineering Laboratory report suggested
that a more southerly reali nement of this channel and dredging of the bay
shoals and inlet would mi nimize scour around bri dge piles at the northern
end of the Clearwater Pass bridge.

6.3 Hydraulic Parameters

a. Maximum Current. Measurements at three stations along the throat
f

Engineering Laboratory personnel on the 26th and 27th of September 1972, in
conjunction with the Clearwater Pass model study  COEL, 1973! indicated a
spring maximum surface velocity of 1.28 m/sec during ebb tide, with a
corresponding 1.25 m/sec surface velocity for flood tide. The throat cross
section was approximately 45 meters west of the Clearwater Pass Bridge and
30 meters west from the northern most tip of Sand Key. The station recording the
maximum velocities had a water depth of about 2 meters. The maximum cross
sectional average velocity was 0.91 m/sec for ebb tide and 0.82 m/sec for
flood tide. The measured cross sectional area to MSL during the observat.ion
period was 1, 107 m2. Although the maximum spring tide was observed to be
0.90 meters, the range had considerable diurnal inequality and the average
range over the observation period was closer to 0.79 meters.



b. Tidal Prism. The tidal prism is the volume of water that is
g g

Using a sinusoidal ocean tide and a quadratic head loss due to friction,
Keulegan �967! derived the following approximate expression for the tidal
prism:

P=V TA
max c

�.2!

Where:

A
yc
Tmax

k

the throat cross sectional area
the cross sectionally averaged spring maximum velocity
Ocean tidal period
Coefficient intended to account for the actual flow rates
non-linear departures from an assumed sinusoidal function.
Ck varies with the repletion coefficient, K, and ranges from
0.81 to 1.

Using an average value for Ck of 0.86  Keulegan and Hall, 1950! and an
A of 1,107 square meters, the hydraulically computed tidal pri sms is 1.89 x
1h7 m3 '

d. Tidal Period. The Gulf tidal period near the pass varies from near
A74 i h 4

na1 components. On 26 September 1972 the time between high high water  HHW!
and low high water  LHW! for ebb flow was 14.0 hours.

e. Bay Ran e. The bay range was computed by averaging the ranges
obtained rom ay tide gauges  COEL, 1973!. The average bay range during
the period of observation was 0.85 meters. Using Keulegan's �967! rela-
tionship between the ratio of bay amplitude to ocean amplitude, ab/ao and
the repletion coefficient, a K value of 1.3 corresponds to an ab/ap ratio of
0.95. This is in agreement with the measured ab/ao of 0.95.

f. Bay Area. Assuming that as the bay rises and falls it maintains a
horizontaaasor ace, and that the sides of the embayment are vertical, a
measure of the effective bay area may be obtained by dividing the spring
ti ga$ pri sm by the bay tide range. The resulting bay area i s 1. g2 x
10'm . Clearwater Harbor has an approximate area of 1.2 x 107 m
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c. La of Slack Water. From the 26 to 27 September spring tidal record
for the an ey grosn an Magnolia Street gauges  COEL, 1973!, the approxi-
mate phase lag of slack high water between the Gulf and inlet was 26
minutes.  See figure 6.1 for the location of tide gauges!. The
corresponding phase lag for low waters was 60 minutes. Using Keulegan's
  1976! phase lag versus repletion coefficient, K, relationship, an average
phase lag of 43 minutes for Clearwater Pass corresponds to a K value of 1.30
 a detailed definition of Keulegan's repletion coefficient is given in
Section 6.5c!.



indicates that a portion of St. Joseph's Sound north of the Clearwater
Causeway is associated with the Clearwater Pass flow regime. This can be
checked by comparing the effective bay areas for Hurricane and Dunedin
Passes with the bay area between the Clearwater and Honeymoon Island
Causeways measured to be approximately of 2.14 x 10 m . A Corps ofEngineers report l1981! li s/s !he effective !ay areas for Hurricane and
Dunedin Passes as 1v39 x 10 m and 0.4 x 10 m, respectively. The dif-
ference in actual and effective bay areas for these two passes is comparable
to the area needed to complete the effective bay area for Clearwater Pass.

g. Hydraulic Parameters Summarized. The following is a sutrlnary of the
hydraulic parame ers or earwa er ass obtained from field measurements
made on 26 and 27 September 1972  no adjustments made to obtain long-term
parameters!:

Spring Gulf tide range: 0.90 m
Spring bay tide range = 0.85 m
Spring max. cross sectional avg. velocity

 flood! = 0.82 m/sec
Spring max. cross sectional avg. velocity

 ebb! = 0.91 m/sec
Spring max. cross sectional avg. velocity

 average flood 8 ebb! = 0.87 m/sec
Spring tidal prism = 1.89 x 107 m3
Effective bay area = 1.82 x 107 m2
Tidal peri od 14.0 hrs  during observation period!
Inlet throat cross sectional area  below HSL! = 1,107 m2
Inlet throat surface width = 402 m
Inlet throat hydraulic radius mean depth = 2.75 m
Lag of slack water after HW in gulf = 26 min
Lag of slack water after LW in gulf = 60 min

6.4 Inlet Stabil i ty

a. Historic Stability. As discussed in section 5.2, during the pericd
from 192 to e in et underwent a considerable amount of narrowing and
reduction in cross sectional area. During this period the construction of
the Clearwater causeway, the Honeymoon Causeway, and the Clearwater Pass
Bridge  see figure 5.6! ~estricted the available bay area and associated
tidal prism that could move through Clearwater, Dunedin, and Hurricane
Passes. Construction within the bay itself, which created emergent finger
islands for real estate development, further reduced the effective bay area.
By altering one of the hydraulic parameters, man had disturbed the sedimen-
tary equilibrium, and in adjusting to the decreasing tidal prism, Clearwater
Pass steadily narrowed. By 1968, although the inlet continued to decrease
in width, further decreases were accompanied by corresponding increases iri
depth ~ Thus more recently, the throat cross sectional area appears to be
oscillating about an equilibrium value. Table 6.1 shows the historic
variation of the throat cross section area. Since the limits of the pass

51



are now well-defined  construction of the north and south jetties! and the
city of Clearwater plans to maintain an adequate cross section in the .inlet
to reduce velocities around the bridge piers, we should expect only minor
variations in all the hydraulic parameters, unless man again makes signifi-
cant modifications to the flow regime.

TABLE 6.1

Inlet Throat Cross Sections at Clearwater Pass, Florida

Area of Inlet Below lqSL  m2!Date

19261 2,960

l9501 2,340

September 1962

August 19682

August 19692

November 19692

October 19723

February 19774

1,540

1,390

].,480

1,730

1,110

1,230

1 Dean and Walton �975!
2 COEL �970!

COEL �973! unpublished data
4 COEL �977!

b. Empirical Relationship. For stable inlets that are in non-silting,
non-scouring se imentary equilibrium, O' Brien �969! developed an empirical
relationship between the spring tidal prism, P, and the throat cross sec-
tional area, Ac, which may be expressed as:

A = alPml �.3!
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where al and ml are empirical coefficients. Jarrett �976! using data from
numerous North American inlets obtained values of a, and m, of 3.4 x 10 and
0.86, respectively, for Gulf Coast inlets with no jetty or one jetty. Using
an A! of 1.107 m2, the calculated tidal prism for Clearwater Pass is 1.61 x
10 m . This is only 15 percent less than the measured tidal prism of 1.89 x
10 m, which falls well within the limits of Jarrett's observed data points.
This indicates that the inlet should be in or very near sedimentary
equi l i br i um.



K =Tg4

�a.! > " Ab K K fLc c +
en ex

�-4!

" = "max

�a g� �.5!

tidal period
ocean tide range
inlet throat cross sectional area
bay surface area
Darcy-Weisbach friction factor
surface width at the throat
Length of an equivalent inlet with a
constant cross section equal to the
throat section of the real inlet and a
head lass due to friction as measured for
the real inlet  O' Brien and Clark, 1973,
1974!.
entrance and exit loss coefficients for
the inlet
maximum cross section averaged velocity
through the inlet
acceleration due to gravity

T

2a.
Ac

Ab

f
W
Lc

c

where

K 5 K
en ex

Ymax

This method for obtaining the stability curve for a given inlet is
described by Escoffier �977!. The method used herein requires the use of
the following additional relationships:

W = �.8591 Ac! �.6!
c

where Wc and Ac are in meters and square meters, respectively. This applies
for inlets without jetties with a Wc > 150 meters  after Graham and Mehta,
1980!.

2a,  rr! Ab
V'maxVmax

T Ac

�.7!
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c. Stability Dia ram. The stability of an inlet can be evaluated in
terms o e re a ions ip between Keulegan's repletion coefficient, K, and a
dimensionless velocity, v  Escoffier, 1977!. K and v are defined as
f ol l ows:



The procedure for obta1ning the stability curve is outlined below:

a! Determ1ne K, the repletion coefficient for the inlet from the
measured phase lag, ~, us1ng Keulegan's plotted K versus ~ curve  Keulegan,
1967!;

b! Llsing equation 6.4 and the hydraulic parameters developed in the
previous section, 6.4b, calculate an equivalent Lc,

c! Calculate values of K for a wide range of A� values, using
equation 6 .6 to determine a Wc for each A , and equation 6 .4 to obtain K;

d! Qbtain V'max from Keulegan's �967! V'max versus K relationship;

e! usi ng equations 6 .7 and 6 .5 calculate the corresponding value of
f or each Ac, and

f ! Pl ot v versus K.

Here it should be mentioned that an entirely satisfactory technique for
determ1ning inlet stability is not yet available. Keulegan's �957! deriva-
tions require a sinusoidal ocean tide and bay depths significantly greater
than the bay tidal range. At Clearwater Pass, with its mixed tide and shal-
low bay area, these assumptions do not hold. However, although not strictly
applicable, the stability diagram technique is a simple and available tool
which can be used to provide useful engineering insight, especially when
supported by results obtained from alternate empirical methods. To obtain
the closest approximation to Kuelegan's sinusoidal forcing function, the
tidal prism was calculated from measurements made during the ebb cycle from
high high water  HHW! to low low water  LLW'I, see figure 6.1, and the period
was measured from high high water  HHW! to low high water  LHW!.

The stability curve thus obtained for Clearwater Pass using values of
Ac between 90 and 1500 square meters is displayed in figure 6.2.

Escoffier �940! and O' Brien and Dean �972! have shown that when the
actual K value for an inlet Q«> K~ax, the inlet is hydraulically
stable. Here K>max = 0.45 i s the value of K associated w1 th the peak value
of v. For K ct < K»a the inlet is unstable. We have already determined
that the repIetion coetficient for Clearwater Pass is approximately 1.30.
This value is clearly much larger than K»ax, thus 1ndicating that the pass
i s stable.

From 1968 to 1977 the throat cross section appears to have been oscillat-
ing about some equilibrium value  see Table 6.1!, while the width decreased
from 700 to 420 meters  see Table 5.2!. During this period, the bay area and
effective inlet length, Lc, remained nearly constant. Assuming the rela-
tionship between Ac and Wc expressed in equation �.6! holds, and using
equation �.4! to eva1uate the repletion coefficient, the wider inlet of 1968
would have had a K va1ue of less than 1.3. Thus, it appears that the recent
narrowing trend has been associated with an increase in inlet stability.
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VI I. SED INENTARY PROCESSES

7.1 Hi storic.

During interglacial stages of the Pleistocene epoch  associated wit;h
higher sea level elevations!, the present southern mainland area of Pinellas
County existed as an island in the mouth of a very large embayment in the
coast, which has been reshaped in geologically recent times into what is
now Tampa Bay. !t is believed that the small Pinellas Island was gradually
joined to the mainland to the north by longshore sedimentary processes.
The present offshore barrier islands are believed to have been formed srith
the rock headland at Indian Rock as their nucleus during the Pleistocene-
r ec en t i nte rva 1  R i g gs, 1974! .

7.2 Sea Level Rise.

The results of changes in sea level are important in the long run and
should not be overlooked in any investigation of coastal process. This, is
especially true in Florida because of its low topographic relief, where
small changes in sea level result in large increases in submergent or
emergent land area. Bruun �962! conducted investigations into sea level
rise and made the following conclusions: { 1! the earth is presently in an
interglacial stage {a warming trend causing general rise in sea level!, but
headi ng toward another glacial stage, perhaps 10,000 to 15,000 years hence;
  2! though marked by mi nor alternating colder and warmer cycles, the pre-
sent short-term general trend of increasing warmth should continue for at
least two to three hundred years; �} sea level has been relatively stable
during the past 5,000 years, but minor fluctuations of up to 3 to 7 meters
have occurred; and {4! since the period from 1,500 to 4,000 years ago, sea
level has ri sen approximately 2 meters or an average of 1.2 mm per year.
Hicks { 1981! indicates an average annual rise along the Gulf Coast of
Florida of approximately 1.5 mm since 1940. 'Using the "equilibrium beach
concept"  Bruun 1962! and assuming that the offsnore bottom, for any rise
i n sea level, wi 11 undergo a gradual adjustment process tending to keep the
equilibrium form, Bruun estimates that a rise of 0.3 m may cause shoreline
recessions of more than 35 meters.

7.3 Distribution

The marine bottom off the coast of Sand Key and Clearwater Beach Island
has two active areas, one along the beach, the other over the offshore
bars. These areas are separated by a broad, nearly flat, surface of stable
muddy sediments  Winston, et.al, 1968}. Normal waves produce an abrupt,
transition from the muddy sands to a clean, winnowed sand, and shell at, the
toe of the beach. They produce ripples in the beach sands and develop a
distinct breaker bar off the gently sloping beaches. Other current-wave
agitation apparently occurs on the offshore bars at the westward edge of
the muddy sand bottom. Sand surfaces on the higher of these bars are com-
monly ripple-marked and debris oscillates from ripple crest to crest even
on relatively calm days  Minston, et, al, 1968.! The offshore bars anc,



interspersed rock surfaces probably owe their origins to storm waves. The
bars are alined parallel to one another and oblique to the barrier shore,
and may reflect the action of storm waves from the west and southwest.
Some of the lower bars are coated with algae and obviously not actively
building under normal processes  Winston, et. al, 1968!.
7.4 Sediment Characteristics

The dark to vadium grey, muddy sand grades into light grey, clearer
sand in a shoreward direction, and then into clean, well-sorted quartz sand
and sandy shell characteristic of the inlet and adjacent beaches  Winston
et. al, 1968!. Reach sand is typically fine-grained quartz with less than
10 percent shell. Sediment samples were collected by the Coastal andOceanographic Engineering Laboratory of the University of Florida in 1969.
It was found that the sand on the beaches, and up to a depth of 3 meters NSL!, had a grain size ranging from 0.1 mm to 0.7 mm, with a median grainsize, D50, of about 0.22 mm. The D50 grain size for some representative
1 ocati ons are di splayed in figure 7.I.

Winston et. al �968! in preparing their geologic evaluation of the
area noted that the highest concentration of nonsoluable heavy minerals in
the Clearwater Beach Island area occured in the offshore bar sands, which
averaged 0.6 percent, and decreased to an average of 0.4 percent and 0.3percent in the beach and pass sands and sediment veneers, respectively.
The muddy sands contained 0.4 percent nonsoluable heavy minerals. In con-
trast, north Sand Key was found to have a high percentage, 1.4, of totalheavy minerals; however, an average of 73 percent of this was phosphorite.Consequently, the average of nonsoluable heavy minerals was again 0.4 per-
cent. The high phosphorite was due to the frequent occurrence of exposed
surfaces of phosphatic Miocene limestone over the sea floor in this area.

7.5

a. Outer Coastline. The U.S. Army Corps of Engineers computed volu-
~ i I II' I -6 i » . t .5.
Corps of Engineers, 1966!. The average annual net change, generally from
the nearshore zone at Clearwater Beach Island  profiles taken out to wading
depth!, was 20,000 cubic meters of accretion. The average annual net
change from the nearshore zone along the northern half of Sand Key was
27,500 cubic meters of erosion. Although erosion was indicated at the
northern tip of Sand Key, a study of aerial photography shows that this
area was steadily accreting but the alignment of this portion of the island
was also shifting eastward. Eliminating profiles 21 through 23 associated
with this island realignment yields an annual eros~on rate of 8,400 cubic
meters.

These quanti ties are affected by artificial fill introduced into the
littoral system and by numerous beach protection structures built into the
nearshore zone. Artificial fill placed by local interests between the sur-
vey dates included 115,000 cubic meters at Clearwater Beach in 1950, a~d a
continuous undeterminable amount of rubble fill. Converting 115,000 m to



FIGURE 7.1. Depth Contours and Sampled Median Sand Diameters
 COEL, 1970! .
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an average annual artificial nourishment  accretion! rate over the 15-year
period of record yields 8,000 cubic meters per year. When this is sub-
tracted from the average computed accretion rate for Clearwater Beach
! sland, an accretion rate of 12,000 cubic meters per year is
obtained.

TABLE 7.1

volumetric Accretion and Erosion
19 to 1964- , cu ic meters!

Net

Annual Change
Profile

Clearwater Beach Island

2

16
27

229
19

5
271

77
32

85 6
89 6
67 5

31 2
26 2

HT5 ~59= ~ ~2

North End of Sand Key

23

27

epresents nearshore osses, unl ess otherwi se marked.
�! Minus sign indicates erosion; plus sign indicates accretion.�! Long profiles; those not noted as �! were taken to wading depth only.
�! Profile numbers correspond to profile lines indicated in figure 5.8.
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�! 2
�! 3

4

5

�! 6
8

10

13

�!
16

TOTAL

�! 21
22

23

24
25

26
27

28
29
30

31

32
33

�! 34
35
36

TOTAL

  rom ine as ounty epor , 66

Total Net Change Average Annual Change
Accretion Eros>on Accretion rosion

6

7
2

2

1

6

2

5 0
11 1
5 0

28 2
0

4 1
8 2

24 2
K ~2

-2

-16
+19

+5

-2
+6

+6

+5
-2

+2

+2
-6

-7
-2

-2

-1

-6

-2

0
-1

0
-2

+2

0
+1

-1
-25



b. Inlet. In addition to the erosion and accretion on adjacent
beaches, shoaling io the navigation channel makes a significant contribu-
tion to the littoral budget. Fram the Army Corps of Engineers' dredging
records, the navigation channels accreted an average of 21,000 cubic meters
of sand annually between 1960 and 1977. Up until 1969 this material, most
of which had fallen into the bar channel, was placed in submerged disposal
sites south and adjacent to the bar channel and flanking the bay channel
 see Figure 4.1!. Since then all maintenance material has been placed at
the northern end of Sand Key. Much of the sand deposited adjacent to the
bar channel is probably returned to the channel through the bar bypassing
mechani sm. In 1977, the University of Florida's Coastal and Oceanographic
Engineering Laboratory in a monitoring study, indicated that sand was
bypassing the Clearwater Inlet through shoals in the inlet mouth. A rapid
rate of travel was measured and indicated that this shoal region was very
active. Since the construction of the south jetty, part of the northerly
drift, presumably between Indian Rocks Beach and the northern tip of Sand
Key, is retained behind this jetty to form new beach area.

There is an interesting area of controversy over the type of bypassing
that dominates the Clearwater Pass system. According to the model study
report  COEL, 1973!, the bypassing mechanism of the inlet was tidal-flow
dominant. However, a sand tracer study performed in conjunction with a
more recent monitoring study  COEL, 1977! provided strong evidence that bar
bypassing dominated, at least during the period of observation. Because
winter months are typically associated with a higher energy wave climate,
sumpter months being calmer, it is most probable that tidal bypassing is
more significant during sumer months. In the winter the tidal prism is
probably less effective in maintaining a strong bar channel, and bar
bypassing may dominate.

c. Bar Volume. Dean and Walton �975! have presented a technique for
I I d, 4 « i i by p id,i d

contour lines  that would ruo approximately parallel to the shoreline, if
no inlet were present! with actual surveyed contours. A seaward migration
of depth contours with time would thus correspond to an increase in bar
volume. Applying this technique to the near shore bathymetric contours
obtained from the 1972 model study data yields a bar volume of 1.5 x
106 cubic dieters. This value, as well as the bar volumes calculated by
Dean aod Walton �975! for 1926 and 1950 surveys data are given io table
7.2.
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TABLE 7.2

Computed Bar Volumes 1926 to 1972

Survey Data
A

cBar VolumeYear
 Throat cross sectional area in mP! m3!

2.38 x 10
6 2,960

1926

3 71 x 106

2.29 x 106

1.5 x 106

19501 2,340

19502 2,070

1972
1,110

2 Dean and Walton �975!1

Walton and Adams �976!

Since the inlet's cross sectional area has gradually diminished from
1926 to 1972, it could be assumed that the tidal fores acting to increase
bar volumes should also diminish. Thus from 1926, wave energy associated
with storms would effect a net migration of mater~al from the original bar
towards shore and into the longshore littoral system. However, the 1926 and
1950 Walton and Adams, 1976!bar volume estimates are nearly equal and errors
associated with the extent of coastline over which volumes were computed may
explain the deviations in Dean and Walton's �975! 1950 and the 1972 bar
volume estimates. !n which case, all four values could have been computed
for the same "actual" bar volume  i. e., a bar that has experienced no change
with time!. Without a more detailed investigation into the 4ata used and
calculations performed to obtain these estimates, a long range trend in bar
volume development cannot be identified.
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d. Inner Shoal s. For a non-migrating inlet, inner shoal s could develop
g

an upward bottom slope develops from the inlet toward the bay and in the
equilibrium stage, the downward seaward gradient produces a force whichopposes those acting to cause additional material to be deposited within
the bay  Dean and Walton, 1975!. Historic dredging records  section 4.3!,
in4icate that until 1970 material from initial construction and subsequent
maintenance of the Clearwater Pass navigation project was placed in dispo-
sal areas within the bay and inlet. In addition, a decreasing inlet cross
section has reduced the volume required for equilibrium inner shoals.
Although available bathymetric 4ata of the bay are not of sufficient detail
to permit evaluation of historic trends in inner shoal volume, a nearequilibrium condition has probably been reached. Additional modification of
the inlet or bay woul4 reactivate this area as either a source or sink in
the sedimentary budget.



7.6 Littoral Material Balance

In analyzing the sedimentary budget for Clearwater Pass, a control
volume is selected as indicated in figure 7.2. The north and south boun-
daries extend normal to the shoreline and are chosen so that inlet
transporting effects can be neglected. The southern boundary is 8 kilome-
ters from the inlet, while the northern boundary is selected midway between
Dunedin and Clearwater Passes, a distance of 2.7 kilometers. The location
of the offshore boundary is discussed in the next subsection. Using Q to
represent a rate of sediment transport, the material balance for the drift
rates indicated in figure 7.2 may be expressed as follows:

V.

At 1 3 5 7 2 4 6 8
Q +Q +Q +Q �  Q +Q +Q +Q! �.1!

Where 4+ is the change of sediment volume within the control volume over a
period ht . !t is assumed that over a significantly long period �0 to
30 years! the total voluine of sediment within the control volume does riot
change appreciably, i.e. A+ = 0. To obtain the sediment budget
Q1 through Q8 must be evaluated.

a. Onshore-Offshore Transport Rates, Q and  } Although onshore-
offshore transport rates wi crease wit istance from shore, it is dif-
ficult to obtain quantitative estimates. For this reason the seaward boun-
dary of the control volume is located far enough from shore, so that these
transport rates are negli gable, i.e., Q5 = 0 and Q< = 0. From the Shore
Protection Manual  U.S. Army Corps of Engineers, 1977! this depth approxi-
mately corresponds to the deepest shore-parallel contour, general ly between
4.5 and 18 meters. In the vicinity of Clearwater Pass, the deepest shore-
parallel contour occurs in about 5.5 to 6 meters of water about 2 kilo-
meters offshore. Geologically speaking, over millions of years wave action
wi11 result in a gradually receding coastline, the eroded sediments moving
further and further seaward along the shoreface terrace.

b. Longshore Transport Rates, Q, Q, Q, and Q . The stretch of
beach to t e saut o t e pass is re ative y straig t and a line drawn per-
pendicular to the coastline has a bearing, 9�, of 284 degrees relative to
north  see figure 7.2!. The boundary normal to the shoreline north of the
pass has a bearing of' 276 degrees. Using Walton's �976! littoral drift
roses, QI through Q4 were calculated. The results are summarized in Table
7.3.
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FIGURE 7.2. Control Volume for Evaluation of Sediment Balance.
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Table 7.3

Estimates of Lon shore Trans ort Rates
s n tora r oses

I tern

 m /yr!

North Boundary, 0n 276'
Southward into control volume
Northward out of control volume

112,000
39,000Q1 =

Q2 =

South Boundary, t7n = 284'
Northward into control volume
Southward out of control volume

39,000
117,000

Q2 =

39,000
115,000
76,000
154,000

Average Northward Drift Rate
Average Southward Drift Rate
Net Drift Rate North to South
Gross Drift Rate

These results are not consistent with the physiographic pattern in
the area, since gradual accretion at the north end of Sand Key is indica-
tive of a net northward drift rate. Bruun �957! estimated the net lit-
toral drift rate in the vicinity of Clearwater Pass to be between 38,000
and 76,000 m3/yr fran south to north. Alternate calculations contained in
the Clearwater Pass model study report  COEL, 1973! that were based on
deepwater wave data off Tampa Bay also indicate a net northward drift rate
resulting from the dominance of swell from the southwest.

Because Clearwater Pass is in a normally low wave energy area, a signi-
ficant portion of the volume of sediment transported in any given year is
moved by larger waves that accompany storm events, in which case the
offshore bar configuration may be a critical factor in establishing the netlongshore littoral transport rate. Due to their peculiar oblique alinement
 running NW-SE! these shoals would tend to refract large waves approaching
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Walton's littoral drift roses are derived using wave data contained in
a Summary of Synoptic Meteorological Observations  SSMO! U.S. Naval Weather
Service Command, 1969!. Harris �973! has demonstrated that visual
recording techniques, used to obtain the data for the 1969 edition of SSNO,
bias the reporting of wave direction, and that there is no correlation bet-
ween measured and observed wave period. This, combined with the presenceof oblique offshore bars in the Clearwater area, which are not included in
Walton's refraction calculations, may be responsible for the apparent
discrepancy in the direction of net littoral drift.



from the northwest counter-clockwise, thus ultimately approaching the coast
from a more southerly direction. Waves from the southwest are already
alined normal to these shoals and would experience less refraction. Thus,
in addition to dissipating wave energy through breaking and bottom friction
 the latter may be far less important!, the offshore bar system may be
responsible for the apparent northward net longshore transport rate, when
the offshore wave climate may indicate otherwise.

S oa s Q and Q . Clearwater Pass is a Federal
t is assume t a the sediment deposited in the
channels will be regularly dredged and deposited on
the discussion in section 7 .4d, near sedimentary
Q7 and Q8 are, therefore, effectively zero.

c. e a nner

navigation prospect an
outer bar and inner bay
adjacent beaches. From
equilibrium is assumed.

At this point it is apparent that, although the basic procedures for
evaluating sedimentary balance is fairly straight forward, available data
are not adequate to quantitatively evaluate the budget in the vicinity of
Clearwater Pass. However, it is apparent that if the bay shoals and bar
system are in equilibrium and the net transport into the control volume
equals the net transport out, any erosion along one reach should be compen-
sated for somewhere wi thin the control volume by an equal amount of
accretion. Referring to table 7 .I, the total volume of sediment accreted
north of the pass between 1950 and 1965 was nearly equal to the volume
eroded south of the pass, thus supporting this hypothesis.

VI I I. WATER QUALITY

8.1 General

Hydrographic, physical, chemical, and biological data from the near shore
environment were collected by Saloman �974! for the National Marine
Fisheries Service prior to the initiation of a Corps of Engineers' beach
restoration project for Sand Key. These data are contained in a two volume
set entitled "Hydrographic Observations in the Gulf of Mexico off Pine tlas
County, Florida  Nov. 1970 to Jan. 1972!" by C. H. Saloman. Monthlysamples were collected at a total of 33 stations located 15, 305, and 63.0
meter s from shore along ten shore normal transects. During the observationperiod, water quality values in the nearshore environment were fairly stable
and exhibited relatively minor changes between surface and bottom, distances
from shore, distances along shore, and seasons. The influence of Clearwater
Pass is evident as a nutrient source to the adjacent coastal areas.
Information for the subsequent paragraphs pertains to the data obtained by
Saloman between November, 1970 and January, 1972.

8 ' 2 Water Temperatures

The average surface temperature ranged from a low of 13.6 C in February
to a high of 29.9' C in July. Temperatures from December through April were
generally below 20 C. The overall average temperature at the surface was
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the same as at the bottom. The <m.'an values for any month never differed by
more than a tenth of a degree, thus indicating a uniform, homogeneous water
col umn.

8.3 Salinity

The average salinity for the period of record was 33.7 parts per
thousand, with a range from 30.3 to 36.4. Periods of lower salinity
occurred from February through April and August through November' As
expected of a well-mixed water column, there were only minor salinity
variations between the bottom and surface  Saloman, 1974!.

8.4

The average value of total phosphorus off Sand Key was measured to be
4.12 micrograms/liter. However, the range of individual values was from
0.75 to 16.75 micrograms/liter. The greatest fluctuation from the mean
occurred during the sumpter months and the least during March and April.
Bottom waters tended to have slightly higher values than surface, but the
difference was never over 1 microgram/liter. Total phosphorus values were
generally higher close to shore and decreased gradually at sampling loca-
tions farther offshore. Values in Clearwater Pass and adjacent station;
were higher, supporting the belief that nutrient-rich waters enter the gulf
from the harbor.

8.5 Total Kjeldahl Nitro en

The average value of total kjeldahl nitrogen off Sand Key was 25.6
micrograms/liter, with a range from 4.2 to 165.9 micr ograms/li ter . Highest
monthly averages occurred during the winter months. There was only a 1.,7
micrograms/liter difference between the surface and bottom values, and again
concentration in the pass and adjacent transects was higher.

8.6 Dissolved Oxygen

The average value of dissolved oxygen  DO! was measured to be 4.33
ml/liter, with a range from 0.57 to 6. 12. As expected DO levels at the sur-
face were higher than at the bottom and higher in the sumner than during the
colder winter months. Critically low values of oxygen  below 2.00 ml/li ter!
occurred in only 0.7 percent of the observations.

8.7 ~H

The average pH in the offshore area was 8.06, with a range from 6.81 to
8.36. Monthly averages varied only slightly, and only during 3 months did
average pH levels drop below 7.0. Values in the pass were approx~mately the
same as those for adjacent offshore areas.

8.8 Turbidity

The average turbidity in the area was measured to be 7.5 JTU with a
range from 1.0 to 55.0 JTU. Monthly averages ranged from 4.3 to 17.9, with
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highest turbidities during winter months when heavier seas resuspend fine
bottom sediments. Sur face turbidities were generally 1.6 JTU lower than at
the bottom, and both values gradually decreased with distance from the
shore.

I X . SUMMARY

The purpose of this report has been to assemble available information of
coastal engineering significance that pertains to Clearwater Pass and adja-
cent areas. It should be noted that the inlet system is dynamic and the
sedimentary and hydraulic characteristics described herein are continuously
adjusting to both short-term and long-term natural and man-induced changes.
Some of the more important or interesting findings are summarized below:

1. Clearwater Pass, 40 kilometers north of the entrance to Tampa
Harbor, is a natural inlet separati ng two of the barrier is1ands which
extend 72 kilometers along the Gulf coast of Pinellas County. Other local
inlets in the barrier chai n are Dunedin and Hurricane Passes 5 .6 and 12 .1
kilometers north of Clearwater Pass, repectively.

2. Historically it is believed to be one of the oldest inlets in the
area, having been in existence as early as the days of the original Spanish
exploration of the region.

3. The bedrock underlying the study area is .the Tampa limestone for-
mationn of Early Miocene Age �5 million years old!. This rock is overlain
by deposits of prerecent  older than 10,000 years! muddy sands and recent
offshore bar sands whose thicknesses are variable and range from nearly no
cover 2 kilometers offshore to 5 .5 meters at the shoreline.

4 . The Clearwater Pass area experiences mi 1 d wi nters, with aver age
hi ghs of 16.7'C, and long relatively humid summers, with average highs of
22.2'C. The mean annual rainfall is approximately 122 centimeters, the
majority of which occur s during the summer months.

5. Prevailing winds are from the north and northeast during the w~nter
months, while easterly and southerly winds predominate during the remainder
of the year. Waves affecting the area's coastline are rarely in excess of
2 meters and general ly average less than 1 meter. The 1ar gest percent of
onshore swell is from the southwest.

6. Using storm data recorded from 1900 to the present, the probability
of at least one hurricane passing within an 80 kilometer radius of
Clearwater in any gi ven year is 12 percent. The probabili ty of at least
one hurricane passing within the same radius in 5 years is 63 percent.
Hurricane Gladys, in 1968, was the last hurricane to cause extensive damage
and major coastal changes in the area.

7 . The barrier islands on either side of the pass lie wi thin the
Federal Insurance Administration's designated 100-year coastal flood plain..
During the 100-year flood, these islands would be inundated and subjected to
wave action.
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8. Clearwater Beach Island was originally purchased fran the Federal
government in 1893 for $200.00. Accelerated real estate development began
in 1924, when the island was christened "Mandalay � the isle of a thousand
palms."

9. The Garden Memorial Causeway was completed in 1927 and marked the
first of man's major alterations to the bay and coastal hydraulic regime.
The pass thus began its long history of constriction, with Sand Key
migrating northward in response to the reduction in bay area and
corresponding decrease in tidal prism.

10. In 1975 and 1981, the City of Clearwater constructed a 1,200
meter-long south jetty and a 244 meter-long north jetty, respectively, to
improve navigational safety and help decrease scour around several of the
Clearwater Pass bridge piles.

11. In 1981 the city also purchased a 30 cm hydraulic dredge and began
excavating material from the inlet shoals to reduce tidal velocities. The
dredged material has been used to nourish the eroded coastline south of the
pass, to fill scour holes, and to build additional width on the city' s
public beaches north and south of the pass.

12. In addition to the northward extension of Sand Key, there has been
a general trend of erosion south of the inlet. Erosion and accretion have
occurred north of the pass during the periods fran 1873 to 1,950 and 1950 to
1965, respectively. Both north and south of the pass the 4 and 5 meter con-
tours have experienced a significant net movement towards the coast.

13. Measurements indicate that the inlet's throat section has decreased
from 2,900 m2 in 1926 to 1,210 m2 in 1977, while the throat width decreased
fram 1,390 meters to 420 meters.

14. Inlet parameters derived from hydraulic measurements taken in
September, 1972, are as follows:

Spring ocean tide range = 0.90 m
Spring bay tide range = 0.85 m
Average spring maximum cross sectional velocity

= 0.87 m/sec
Average spring tidal prism = 1.89 x 107 m3
Calculated effective bay area = 1.82 x 107 m2
Average lag of slack water = 42 min

15. Stability calculations support evidence that the pass is stable.
There is also evidence that the narrowing trend from 1968 to 1977 was asso-
ciated with an increase in inlet stability.

16. The outer bar volume is estimated to be approximately 2 million
cubic mters. Historic data are not adequate to determine whether this
volume has been increasing, decreasing, or has remained nearly constant.
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17. Estimates of the net littoral dr1ft rate for the area are incon-
sistent and range from 76,000 m3/yr southward to between 38,000 and
76,000 m3/yr northward. Historic wave data are insufficient to verify any
of the estimates. However, observed physiographic changes support a net
northward littoral transport rate.

18. Sampling and testing procedures conducted in January, l972, indicate
that water quality values in the nearshore environment were fairly stable
and exh1bited relatively minor changes between surface and bottom, distance
from shore, distance along shore, and from one season to the next. The pass
acts as the exchange agent whereby nutr1ent rich bay waters and adjacent
coastal waters are mixed.
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