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CHAPTER I

I NTRODUCT i 'i

1.1 Backgrourl

Captiva Island is part of a barrier island chain that has historically

been the most dynamic and changeable segment of the Florida coastline. The

island has genetic and hydrodynamic relationships to the adjacent youthful

islands, to the Gulf of Mexico, and to Pine Island Sound. This report is

based upon technical studies made to establish the interrelationship in this

segment of the coastal system. The findings are being submitted to the

board members of the Captiva Erosion Prevention District to help in the

formulation of a sand conservation and beach management program.

Captiva Island is one of four islands in the Lee County barrier chain.

This chain extends for some thirty miles along Florida's southwest coast. These

islands: Cayo Costa (La Costa), North Captiva, Captiva and Sanibel are the

seaward boundary of Pine Island Sound. (Figure 1.1) A large inlet,

Boca Grand Pass, isolates the barriers and the associated littoral drift

system in the surf zone at the northern extreemity and San Carlos Bay separates

Sanibel Island from the .Mainland at the southeasterri end. The chain is

unusual in that the three northern islands face the Gulf of Mexico, whereas

Sanibel arches eastward. The directional trend of the northern islands is

about 18 0 west of north. The eastern extremity of the beach at Sanibel trends

to the northeast.

It is not adequate to simply recognize that Captiva Island has experienced

severe shoreline retreat. This has long been an established fact. The

extent of the erosion up to 1978-79 is illustrated in Figure 1.2. The

northern portion of Captiva Island experienced a shoreline retreat of over

700 feet between 1888 and 1944. Adjustments are still taking place. Some are

seasonal and cyclic, others are trends established over longer periods of time.
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Since the inception in 1950 of the Captiva Erosion Prevention District

the conrmissioners have been aware that the ultimate solution to the erosion

problems would be an artificial beach restoration project. the history of

failures in the attempts to use less expensive, local static structures is

comprehensively reviewed in a report prepared in 1971 (C.E.P.C., 1971).

The erosion problem ► on Captive Island is due to a deficit in the sand

budget of the littoral drift system; a system with losses due to attrition

of the particles and mass losses into the lagoons, to offshore, and to lateral

transport. The U.S. Army Corps of Engineers (1969) estimated that 100,000

cubic yards of sand are eroded from the beach systems of Captiva Island each

year. The Coastal and Oceanographic Engineering Laboratory (C.O.E.),

(1974. P. 85) estimated that the annual losses by southeastward transport past

Blind Pass is 115,000 cubic yards per year. Silberman. 1980, documented that

the beach of Sanibel Island does not receive all of the Sand carried southward

from Captiva. Approximately 4.548 x 10  cubic yards X 3.477 x 106 cubic deters) is

unaccounted for, and since Blind Pass is now closed, "This amount of sediment

must have roved offshore."

Field experiments conducted by C.O.E. (1974, p. 50) have shown that

there is a northward flow of the water in the swash channel at the surf zone

at the northern end of Captiva and that this littoral current is extremely

strong during rising tide. Water and sediment are being fed into the strong

tidal current in Redfish Pass. Sand losses from the northern beach at

Captiva are largely lost to the inner and outer tidal shoals. This is

estimated by C.O.E. (1974, ?. 88) to be 85,000 cubic yards annua;ly. The

tremendous accumulations of sand at Redfish pass (Figure 1.2) since its

origin in 1926 have come about at the expense of erosion of both North Captiva

and Captiva islands.
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E	 It was with these facts in mind, and full knowledge that the limited

attempts in beach nourishment in 1962 (7,000 cu. yds.j 1963 (50,000 cu. yds.)
t

r	 and 1965 (50,000 cu. yds.) were ineffective, that this study was undertaken.

Of special concern was the effect that reopening Blind Pass would have, and

k ` 	 the placement of sediment retaining structures in the surf zone at the

northern and southern limits of the Captiva beach system.

The problem was approached from a different prospective than previous

studies. A study of the geology of the islands has contributed to knowledge

of the origin and dynamic changes that have occurred, and through hydraulic

modeling we have been able to predict changes that will occur by reopening

i
	

and stabilizati ,,n of Blind Pass. The information we have developed is

supportive of the previous work of the U.S. Army Corps of Engineers and

the Coastal and Oceanographic Engineering Laboratory.

Our conclusions are, that, if the island is to be stabilized, beach

nourishment with proper amounts and particle size is a necessity and that

Jetties adequate to restrict lateral and offshore losses are essential.

Hydrologic modeling showed that reopening Blind Pass would have minimal

effects on the passes to the north and south. The increased interchange and

improved flushing of water in Pine Island Sound, brought about by reopening

Blind Pass, would improve the environmental conditions in the sound with

no adverse effects on the beach system. Stabilization of Blind Pass would

slow the accretion of Sanibel Island and some adjustments in the vicinity of

the reopened, stabilized pass would occur.

1.2 The Geologic History of the Islands

Without going into technical detail, the ensuing discussion presents the

dynamic history of the Lee County barrier islands. Because the four islands

i 5



have been largely isolated from lateral coastal sources of sand and frow adjacent

littoral drift systems, they ideally serve as a model to test the hypotheses for

the origin of barrier islands. Barrier island formation resulting from onshore

sediment transport was discussed by de Beaumont (1845), Johnson (1918) and 	 r

Shepard (1960) while lateral transport was studied by Gilbert (1885) and engulfment

by Hoyt (1967).

a
M ssimer (1973), Brooks (1973) and k:igs (1976) concluded that the Lee County

chain originated at a time of rising sea level due to onshore transportation of

i
sediment, as Shepard (1960) proposed for thc- barrier islands of the Texas Gulf

coast. There is no doubt that Sanibel has also benefited from the littoral drift

system, as proposed by Gilbert.

Throughout its history, Sanibel Island has been different. Sanibel has been

a place of persistent deposition, as shown b y the accreted beach ridge sets. It

has gained mass, not only Trom onshore transportation .,f quartz sand and sca

shells, but also it has been the predominant repository of the sediment in the

prevailing southward littoral drift system. Sanibel is larger, broader and much

more stable than the other islands. It is also 6 only island in the Lee County

barrier chain that has previously received adequate geologic study (Missiimer, 1973;

Riggs, 1976; and Silberman, 1980).

Brooks (1973) emphasized that 30 to 50 percent of the compositional mass of

the Lee County barriers above sea level is sea shells. No doubt that this

cc :ponent of the sediment was derived from an offshore source. A study of the

heavy minerals associated with the clastic quartz sand proves it also had an

offshore source (Ceryak, 1980).

The impression obtained from the known erosional characteristics of the

beaches during the 1940 and 1950's suggests that a rising sea level results in

accelerated erosion (per Brunn, 1962). It could be that both of the Captiva

6



islands are experiencing adjustment in relationship 0 the 1926 opening of

Redfish Pass. It is possible that the known accelerated rise in r*an sea

level during .he 1940's and 50's contributed to the rapidity of Ue adjustment.

No doubt, the slow aging and final demise of Blind Pass (Figure 1.3 ) during

the last few centuries has contributed to sediment bypassing and the recent

rapid growth of Sanibel Island.

It could also be true that in the history of the Gulf coast barrier

islands, after the offshore source of sediment above surf base is depleted by

onshore transport, that the same wave system responsible for building the

barrier islands then destroys them. We do not pretend to predict the future

but we all should be aware that Pleistocene barrier island systems have been

preserved and constitute the formations of the Atlantic side of peninsular

Florida. No such relics are preserved on the Gulf side. If past history is

of value in predicting the future, the reader is free to speculate on the

ultimate fate of the Lee County barrier islands.

Assuming that the reader is only marginally interested in theory and

in the long ran93 speculation of future events, we will discuss the greater,

more immediate :oncern: the facts relating to the history of change of the Lee

County barriers. The origin and evolution of this real estate can be determined

by studying the sediments, their composition, internal structures, and mass

relationships.

The relativo chronological relationship of the depositional events on

each island can be readily interpreted by study of aerial photographs. The

er.tablishment of the time of origin of the delineated beach ridge sets (in

years) can then be established by radiometric dating or the unstable Carbon 14,

which is a component of the sea shells (CaCO3).

14
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There are problems in using sea shells for dating purposes because of the

possibility of reworking. The radiometric dates herein reported, (Appendix A)

weep on shells that were very carefully selected for freshness, and exhibited

no signs of alteration and abrasion. Only species living in the aeriated

surf zone and the immediate offshore zone were included in the samples

submitted to Geochron Laboratories for analysis.

The use of aerial photographs to show the relationships of the beach

ridge sets is essential in establishing the accretionary hist l)ry of the

islands. Remote sensing techniques furnish productive and reliable results.

The accretionary history of the islands is evident by the patterns of

the increments displayed on the aerial photographic mosaics present,d in

Figures 1.4 and 1.5 . Note that the Pine Island Sound side of all the islands,

and especially Cayo Costa and Sanibel, are more densely vegetated. Also note

that beach ridge sets can be seen within and underlying mangroves on the sound

side of Sanibel Island.

The fact that the terrestrial vegetation cover on barrier islands evolves,

and that there is a succession with antiquity, has long been a recognized

fact. Hengitz (1977), a botanist, recently interpreted the geological history

of Cayo Costa Island on vegetative criteria alone. This is a dangerous

practice. The only way to establish detailed chronological relationship of

beach ridge sets is to dig pits and thereby obtain data on the sediment.

These data provide the basis for interpreting the genesis of the sedimentary

masses.

A few well placed test pits were dug by H. K. Brooks at sites selected

after the study of aerial photographs; the aerial photographs and the test

pits have provided the data upon which this report is based.

9



Figure 1.4 Aerial Photo Mosaic of Ca yo Costa Islas; and North Captiva
Island (ASCS photography, 1944)

Figure 1.5 Aerial photo Mosaic of Captiva Island and Sanibel Island
(ASCS photography. 1944)
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The "absolute" chronology in "Carbon 14 years" is based upon radiometric

analysis. Missimer (1973) established the geologic history of Sanibel Island

in a similar manner. Our results confirm the previous interpretation of the

depositional history of Sanibel Island with few minor changes. Most

 significantly, we now have proof that the Captiva islands have been the site

of shifting sands and that no subaerial portion of them is of great antiquity.

The shell content and texture of the beach ridges constituting the upland

portions of the islands are different than that on the present low energy fore

beach and back beaches, especially for the three islands facing the Gulf of

Mexico. There is a general increase in the elevation of the upland ridges from

the Pine Island Sound side to the Gulf side on all of the islands. This is

correlated to the general rise in sea level during the accretionary history.

The highest ridges are located back of the present beach system and rise

to an elevation of eight feet plus on the three northern islands. Again,

Sanibel is different with the highest being at the northern end near Wulfert.

Here, elevations of ten feet occur. The central and eastern portions of Sanibel

form a basin. The highest ridges are four to five feet high and are immediately

landward of the active beach system.

The internal sedimentary structure of the upland ridges are those produced

by runup and overtopping. The higher the ridge, the coarser the texture. The

greater the shell content in any particular set of ridges is the correlation

proving a surf energy relationship. Missimer (1973) interpreted the variation

in ridge set height as due to fluctuation of sea level superimposed upon the

acknowledged worldwide rising trend.

The fact that contemporaneous ridges in the central and southern portions

of Sanibel do not show a corresponding increase in height demonstrates that his

(Missimer, 1973) hypothesis of higher sea level intervals cannot be the

15



controlling factor. Because of the consistent correlation of height, texture,

'r	 and shell content, we believe that the changes in the surf energy environment,

reflected by the depositional history, is predominently due to weather changes.

The high surf energy, run up, and overtopping that produced the ridges

represent periods of sto miness in the Gulf of Mexico. In evaluating the

stormy episode hypothesis, one should keep in mind that the predicted 50 year

stone tide for Captiva Island is plus 12 feet.

The chronology of events recorded in the sediments of the four harrier

islands was established by 32 radiocarbon dates taken from test pits dug to or

below ground water level. Location of these samples, those taken by Missimer

(1973), and Stapor and Mathews (1980) appear on Figures 1.6 and 1.7. These

figures also illustrate the beach ridge patterns visibl y: on the aerial mosaics.

Some of the sariples were from paleo beach face deposits and other from ove mash.

These and pertinent C 14 dates obtained by Missimer, Stapor and Mathews have

been utilized in the preparation of the imp showing the ages of the beach

ridge sets (Figures 1.8 and 1.9).

Though the island chain arose sometiwe before 4,000 years ago, Sanibel

is the only island to retain a relatively unchanged relic of the original

emerged island. The fact that this beach ridge set is now submerged and

underlies a mangrove forest is proof that sea level has risen. These ancient

deposits of sand and shell have all the characteristics of beach ridges. The

islands, as a barrier chain, appear to have emerged from the sea by the building

up of a linear offshore shoal. All of the test boring sites of which we are

aware, both onshore and offshore, prove that the islands were constructed upon

15 to 20 feet of silty, clayey sand with soiie shell; the same type of deposit

that now exists in the offshore sedimentary environment.

16
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More than one half of Sanibel Island has originated in the Ids

years, i.e., since the time of Christ. Cayo Costa, at the north En

t
r

Lee County chain, is the only other island with relics of anticedent

evolutionary stages. The exact age of the oldest beach ridge set on Cayo

Costa is now known, but it is certainly older than 2,650 years. Older dates,

published by Stapor and Mathews (1980) were obtained for specimens collected

from apparently the same deposit that we have dated as being only 1520 + 130

years B.P.

Beach ridge deposits over mud and mangrove peat deposits near the present

south end of Cayo Costa demonstrate that a large inlet existed at this

position prior to 1930 years before present (B.P.) i.e. 20 A.D.

With reference to the map, Figure 1.2 and Figures 1.6 through 1.9, both

of the Captiva islands have originated as a series of spits from an ancestral

island or islands that no longer exist.

Buck Island, now separated fron Captiva by Roosevelt Channel and from

Sanibel by Blind Pass was once the northern port i on of Sanibel Island.

Because of a spit that built southward during the interval from about 1500

to 1000 years ago, the mouth of a pass, hereafter referred to as Roosevelt

Pass, migrated southward and the tidal inlet channel became restricted.

Roosevelt Channel is all t hat remains of the large pass that was at the

position of Captiva Island. The spit that resulted in the closing of

Roosevelt Pass now constitutes the greater part of Captiva Island. From

information now available, it would appear that the ancestral Roosevelt Pass

"died" between 990 (1040 A.D.) and 650 (1300 A.O.) years ago with the break-

through of Blind Pass. Severe erosion was experienced at the northern end

of Sanibel for a period of time after the Blind Pass breakthrough. By 650

22
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e
E (1350 A.D.) years ago accretion began. The period of erosion of Sanibel

Island related to the original breakthrough of Blind Pass was for an interval

of 50 to 200 years thereafter.

Captiva Island is not just another Florida barrier island. Steps

planned to stabilize it must take this fact into account. There will be

special problems, and any steps taken must be of the proper magnitude to

overcome the natural coastal processes.

Captiva Island arose as a spit during the Dark Ages of European history.

Such narrow spits are notable for their instability. Based upon what we

know about -she origin and evolution of the island, and taking into

consideration that there is now a deficit of sand in the littoral drift

system, we must conclude that artificial beach nourishment with adequate

sediment retaining structures at the passes are essential if Captiva Island

is to be preserved in its present configuration.

s
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CHAPTER II

NUMERICAL TIDAL MODEL

2.1 Introduction

The purpose of this numerical model is to provide a means of real-

istically representing the hydraulics of Pine Island Sound and any
VI

changes that would occur due to the reopening of Blind Pass.

The model has been modified from an earlier model (Mehta b Brooks,

1973) to calculate: 1) the tidal response of Pine Island Sound to the

astronomical tides in the Gulf of Mexico, and 2) the resulting flows and

the average velocity of each flow through each of the inlets which con-

nect Pine Island Sound to the Gulf of Mexico (i.e., Blind Pass, Redfish

Pass, Captiva Pass, and the northern and southern model boundaries of

Pine Island Sound).

Tidal variations, referenced to the tide at the southern model

boundary of Pine Island Sound, are given at the outside of each inlet.

The flows through each of these inlets are calculated by knowing the

water surface elevation adjacent to these inlets inside Pine Island

Sound, and hence, the water surface slope across the inlets.

Pine Island Sound was divided into nine segments (Fig. 2.1), within

which the hydraulic parameters were considered to be constant, espe-

cially the depth of water. The tidal variation within each segment was

determined, in a sequential manner, by calculating the mass transfer of

water from one segment into another. Initially, these volumes result

from the flows through the inlets. The net flows into each (segment)

were divided by the water surface area of that segment, thus giving the

change in water surface elevation. Together with the continual flow

through the inlets, the different water elevations between adjacent

25
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segments gave rise to flows from one segment into another, which in turn

Y

E`
E

.,y

'r

gave rise to further differences between the water surface elevations of

adJacent segments, which in turn gave rise to new flows, etc., etc.

The model begins with the tidal variations for MSL equal to zero

for all segments. Hence, this initial condition must nave, for a short

time after start up, some effect on the flows through the inlets and

from one segment into another. Consequently, a simple sinusoidal tide,

with appropriate phase lags at each inlet, was used to represent the

tide at the outside of each inlet so that the time could be found when

the amplitude of the predicted tide reaches a maximum constant value.

A two phase study was conducted; 1) to calibrate the numerical

tidal model; and 2) to evaluate the effect of opening Blind Pass. In

the initial calibration phase, Bind Pass was closed (as it 's presently

found) and field data collected during the study was used to assess the

validity of and/or modify the numerical model, accordingly. Once its

validity was established, Blind Pass was reopened in the model and the

hydraulics of this pass, together with its effect on the tide in Pine

Island Sound, and the flows through each of the other four passes were

investigated. A computer program listing of the model is presented in

Appendix B.

2.2 Governing Differential Equations

The differential equations governing the flow in bay systems are

the depth integrated equations of motion and continuity.

2.2.1 Equation of Motion

The vertically integrated differential equation of motion can be

written for the center line flow direction in a semilinearized form as:
L



in which

q - discharge per unit width in the x direction

t - time

g = gravitational constant

D = tidal depth = h + n

h - depth, referred to mean sea level

r i = tide displacement above mean sea level due co
astronomical, wind, and barometric tides

x - horizontal distance coordinate aligned with bay axis

p = mass density of water

in = wind stress in x direction of air interface

`b = frictional stress on bottom of water column

The quantities 
1n 

and 
'b 

can be expressed as:

n = Cf ''a2 
cos ti

and

-
_ L,

 
8D2

in which

C  = wind stress coefficient

and when
0.0013, U < 7.20 m/s

0.0013 + 0.00295 (1.0 - 7.20 
2

(2.1)

(2.2)

(2.3)

(?.4)

U > 7.20 m/s

28
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Pa - mass density of air

U - wind speed at 10 m reference elevation

R - angle of a wind vector relative to the bay axis

f - Dar,y-Weisbach friction factor

Note: During the calibration and running phases of the model, the

effects of wind stress on the air/water interface will be ignored.

2.2.2 Lion o j' Continuity

The equation in one dimension can be expressed as:

an + aq = qR
at	 ax	 w	 (2.^)

in which the right hand side represents the effect of runoff,

q  = runoff in cubic meters/sec per meter of bay length

w - width of segment considered.

2.3 Finite Difference Equations

in order to employ Equations (2.1) and (2.5) for realistic geo-

metries and Gulf tides, it is necessary to cast these equations into

finite difference form. The time- and space-staggered procedure is used

in which the equation of motion is applied between midpoints of adjacent

segments (i.e., across a segment boundary) at full time steps, At, and

the equation of continuity is applied for each segment at half time step

increments.

2.3.1 Finite Di 'Terence Form of the equation of Motion

Equation (2.1) can be expressed in finite difference form for the

total flow, Qn , onto the nth segment, as:

w —	 ofQn +p T n -wDg (nn-nn- 1 ) Xnx
Qn = ---	 _	 (2.6)

w At f Qn
1+

8 (UW-)2
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in which the over barred quantities represent averages based on the nth

and (n-1)th segments. The primed quantities, e.g. Q', indicate the

value at time, t + At, whereas unprimed quantities are known from cal-

culation at time, t, and w Is the width of the bay segment. See Figure

2.2 for the variable representations and Figure 2.3 for the numerical

model representation of the area of concern.

2.3.2 Finite Di f f'erenve Equation oL Continui ty

Equation (2.5) can be written in finite difference form as:

At 1	

qR At

'
1
n - ''n + nx wn On - Qn-1) + - w
	 (2.7)

n

where the primes indicate the unknown quantities as before and the terms

on the right hand side are known from calculations at previous time

steps.

2.4 Boundary Conditions

The boundary conditions for this problem are the flows through the

inlets and may be expressed, for example, for Redfish Pass as:

- AC v 9 n 16	 ''18 
sign (

"15	 "18)
-Q17

	

	
—	 (2.8)

Ken + 
Kex + 17TR

in which

Ac = cross-sectional flow area of Redfish Pass

Q17 = flow from Pine Island Sound through Redfish Pass into

the Gulf of Mexico

"16 = Pine Island Sound tide at the inside of Redfish Pass

n18 = Gulf tide at the outside of Redfish Pass

Ken = entrance loss coefficient

KeX = exit loss coefficient

fl
	 30
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AC
R - hydraulic radius of inlet

+	 + n16 ♦ X18

w n equivalent width of Redfish Pass

h - equivalent depth of Redfish Pass (relative to mean sea level)

L - equivalent length of Redfish Pass

An expression similar to Equation (2.8) applies for Captiva Pass,

Blind Pass, and the northern and southern model boundaries of Pine

Island Sound. The location of the numerical subscripts used within the

model Ore is shown in Figure 2.1. As stated previously, complete list-

ing of the computer model and list of symbols used within the model can

be found in Appendix B.

33

L	 __



PRECiDING PAGr. i*,,L ,',',ti r., '-'T ' 84.AD

F	 CHAPTER III

FIELD DATA AND ANALYSIS

3.1 Tidal Measurements

3.1.1 Field Data

To measure the spatial and temporal distribution of the astronom-

ical tide propagation through the inlets and through Pine Island Sound,

six Leupold and Stevens type tide gauges were installed in June 1978.

^.	 Five of these were installed within Pine Island Sound, as shown in

Figure 3.1, and the sixth installed on the tip of a groin, midway along

the Gulf shore of Captiva Island.

The elevations of the tide gauges with respect to the 1929 Sea

Level Datum, now referred to as the National Geodetic Vertical Datum

(NGVD), were found and subsequently corrected (Piccolo, 1976) to the

1965 Mean Low Water by the following factorsl:

St. James City MLW = NGVD - 0.32 m
Captiva Island - Blind Pass MLW c NGVD - 0.40 m
Captiva Island - Midway, Bayside MLW - NGVD - 0.25 m
Captiva Island - Redfish Pass MLW - NGVD - 0.03 m
Pine Island Sound - Charlotte Harbor MLW - NGVD - 0.23 m

The gauges were installed with "4-day" clocks. They were serviced

twice a week which included replacing the chart paper through mid

December, at which time the gauges were removed and the tide stations

disassembled.

3.1.2 Data Analysis

The data, collected twice weekly from each of the six stations, was

n the form of a smooth curve traced out on chart paper. To ensure that

there was no slippage between the steel float tape and the tide gauge

pulley, the water level, relative to the instrument, was read both prior

1 Mr. W. D. Bender, Captive Erosion Prevention District, personal
communication.

f.
k
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to and upon replacement of the chart paper. The time that the chart

paper was exchanged was marked down so that each chart could be checked

for its accuracy and cogency.

Doubtful records (fouling by marine organisms occasionally blocked

or partially blocked the orifice to the stilling well) were rejected.

Valid data was digitized at two hour intervals, assembled into contin-

uous time and water surface elevation data arrays, and stored within the

computer facilities of the Northeast Regional Data Center at the University

of Florida. These two-dimensional time/elevation arrays were then re-

duced to one (a time series vector of the water surface height relative

to MSL) and then harmonic analysis was performed on the array.

The premises upon which the harmonic analysis of tides is founded

are the following:

1. The resultant tide at any point is composed of a finite

number of constituents, each with its own periodicity, phase

angle and amplitude, and

2. The constituents are each simple harmonic in time and are

independent values.

aim

These premises may be formulated as:

N
nr = ao + E a i cos ( 2	- si)

i = 1	 1
(3.1)

where nr is the resultant tidal variation at a particular locality at

time, t, and is composed of N constituents. The amplitude, phase, and

period of the i th constituent are a i , 6 1 , and T i , respectively, and the

displacement from the reference datum to the mean water level is ao.
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The periods of the finportant constituents are determined from a

knowledge of the earth, moon, and sun system which cause the tide pro-

ducing forces. Tables listing the important tidal constituents and

their respective periods are presented in Schureman (1940). Although,

in most cases the measured tide can be represented with reasonable

accuracy if about ten constituents are considered (Ippen, 1966), 16

constitutents were utilized in the analysis due to the "mixed" nature of

the tides in the Pine Island Sound region.

The time of start and end dates of the largest continuous tidal

record for each tide station, and the principal constituents used to-

gether with their respective periods are presented in Tables 3.1 and

3.2. Tabulated results of the harmonic analysis for each station are

contained in Tables 3.3 - 3.8. Graphical displays of the reconstructed

tide for the period October 24, to November 1, 1978, for each station

(except Blind Pass) are shown in Figures 3.2 - 3.6.

The sea slope across Pine Island Sound was computed by comparing

the tidal records from the "South Seas" and "Pumpkin Key" tide stations.

The average value of the 4bsolute slope between the two stations over a

nine day period was 0.079 m. This value, when compared to the average

tidal range of approximately 0.50 m for the same time period, is insig-

nificant, and so, water surface cross slopes will be ignored in Lhe sub-

sequent analysis.

3.2 Hydrographic Surveys

3.2.1 Inlet Hathymetry

During October 1978, the cross sections and bathymetry of the Gulf

and bay shoals associated with both Redfish and Captiva passes were
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Table 3.1 Time. Length. and Start and End Dates of the Longest

Continuous Tidal Record Collected at Each Tide Station
6

Time of Longest Date of Start of Date of End of
Tide Station Continuous Record Longest Record Longest Record

(hrs)

Gulftide 796 10/18/78 11/23/78

South Seas 1062 10/18/78 12/02/78
.	 St. James City 1080 9/30/78 11/201178

Blind Pass 1058 8/24/78 10/10/78

I;	 Coya Costa 1064 10/18/78 12/02/78

Pumpkin Key 2018 9/19/73 12/02;78

Table 3.2 Major Harmonic Constituents

Used in Tidal Analysis

Constituent Symbol Period Constituent Symbol Period
(hrs) (hrs)

Principle Lunar M2 12.421 Composite Lunar M1 24.833

Principle Solar S2 12.000 Diurnal J1 23.099

Larger Lunar
Elliptic N2 12.658 Diurnal Q1 26.868

Lunisolar K1 23.934 Composite Solar L2 12.191

Principle Lunar 01 25.819 Long Period
MtM

219.191

Principle Solar P1 24.066 Lunar Fortnightly
M 

327.869

Lunisolar synodic
Lunisolar K2 11.967 Fortnightly Msf 354.365

Semidiurnal v2 12.626 Lunar Monthly Mm 661.230
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Table 3.i	 Harmonic Analysis Results for

"Gulftide" Tide Station

Amplitude Ai,gular Period Phase
a  Velocity

Ti `1
(m) (deg/solar hr) (solar hrs) (degrees)

0.1869 28.9841 12.421 77.8219
0.1001 30.0000 12.000 99.6483
0.0299 28.4397 12.658 194.7250
0.0528 15.0411 23.934 185.8221
0.1079 13.9430 25.819 115.1912
0.0601 14.9589 24.066 132.1366
0.1351 30.0821 11.967 342.0671
0.0151 28.5126 12.626 145.0242
0.0082 14.4967 24.833 248.4851
0.0088 15.5854 23.099 238.9296
0.0298 13.3987 26.868 221.5013
0.0461 29.5289 12.191 140.3845
0.0539 1.6424 219.191 62.4574
0.9578 1.0980 327.869 81.6405
OWN 1.0159 354.365 225.0921
0.0161 0.5444 661.230 193.1122

a o = 0.1756 m

Table 3.4	 Harmonic Analysis Results for

"South Seas" Tide Station

Amplitude

a 
(m)

Angular
Velocity

(deg/solar hr)

Period
Ti

(solar hrs)

Phase
61

(degrees)

0.1719 28.9841 12.421 106.6122
0.0703 30.0000 12.000 56.1490
0.0197 28.4397 12.658 312.5256
0.0848 15.0411 23.934 229.1151
0.0928 13.9430 25.819 131.4091
0.0747 14.9589 24.066 113.8363
0.0173 30.0821 11.967 286.1309
0.0412 28.5126 12.626 214.2384
0.0079 14.4967 24.833 354.3335
0.0042 15.5854 23.099 191.0508
0.0220 13.3987 26.868 244.9655
0.0172 29.5289 12.191 172.5199
0.0520 1.6424 219.191 65.9714
0.0351 1.0980 327.869 106.3389
0.0359 1.0159 354.365 236.3255
0.0157 0.5444 661.230 207.5721

ao = 0.2161 m
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Table 3.5 Harmonic Analysis Results for

"St. .lames City" Tide Station

Amplitude Angular Period Phase

a 
Velocity T1 di

(m) (deg/solar hr) (solar hrs) (degrees

0.1965 28.9841 12.421 248.8228
0.1626 30.0000 12.000 283.8420
0.2815 28.4397 12.658 138.1712
0.0653 15.0411 23.934 178.6380
0.0768 13.9430 25.819 329.3757
0.0629 14.9589 24.066 57.4832
0.1005 30.0821 11.967 155.1988
0.2775 28.5126 12.626 355.9224
0.0106 14.4967 24.833 110.1599
0.0096 15.5854 23.099 339.0046
0.0172 13.3987 26.868 214.5224
0.0122 29.5289 12.191 257.4768
0.0470 1.6424 219.191 84.3383
0.0419 1.09°.0 327.869 323.7251
0.0282 1.0159 354.365 109.7659
0.0209 0.5444 661.230 44.3093

ao = 0.2398 m

Table 3.6	 Harmonic Analysis Results for

"Blind Pass" Tide Station

Amplitude
a i

(m)

Angular
Velocity

(deg/solar hr)

Period
Ti

(solar hrs)

Phase
di

(degrees)

0.1925 28.9841 12.421 265.2305
0.0886 30.0000 12.000 170.2067
0.1457 28.4397 12.658 129.2080
0.0363 15.0411 23.934 324.7966
0.1033 13.9430 25.819 201.6792
0.0419 14.9589 24.066 246.1249
0.0404 30.0821 11.967 71.3185
0.1535 28.5126 12.626 358.7432
0.0220 14.4967 24.833 167.8727
0.0105 15.5854 23.099 206.3855
0.0140 13.3987 26.868 331.7178
0.0257 29.5289 12.191 257.4165
0.0126 1.6424 219.191 276.5144
0.0298 1.0980 327.869 336.1199
010090 1.0159 354.365 103.0673
0.0334 0.5444 661.230 193.0418

ao=0.2781m

F
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0.1744 28.9841 12.421 257.1814
0.0850 30.0000 12.000 208.5735
0.0505 28.4397 12.658 10.6014
0.0928 15.0411 23.934 329.8096
0.0867 13.9430 25.819 182.8130
0.0609 14.9589 24.066 162.7971
0.0331 30.0821 11.967 138.7372
0.0406 28.1526 12.626 262.9060
0.0072 14.4967 24.833 145.6895
0.0060 15.5854 23.099 287.8303
0.0137 13.3987 26.868 299.3713
0.0105 29.5289 12.191 294.4321
0.0422 1.6424 219.191 165.5211
0.0237 1.0980 327.869 220.6792
0.0357 1.0159 354.365 297.2253
0.0235 0.5444 661.230 197.0435

ao = 0.2344 m
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Table 3.7	 Harmonic Analysis Results for

"Coya Costa" Tide Station

Amplitude Angular Period Phase
a i Velocity Ti

6 
(m) (deg/solar hr) (solar hrs) (degrees)

0.1156 28.9841 12.421 98.5081
0.0811 30.0000 12.000 45.3995
0.0573 28.4397 12.658 288.5349
0.0861 15.0411 23.934 236.0377
0.0820 13.9430 25.819 125.0145
0.0838 14.9589 24.066 108.6996
0.0441 30.0821 11.967 268.5476
0.0745 28.5126 12.626 157.4006
0.0086 14.4967 24.833 295.8311
0.0018 15.5854 23.099 33.4601
0.0157 13.3987 26,868 219.2867
0.0125 29.289 12.1?: 132.3917
0.0553 1.6424 21Q.191 64.0319
0.0616 1.0980 327.869 126.8128
0.0598 1.0159 354.365 267.9661
0.0199 0.5444 661.230 221.7917

ao = 0.2369 m

Table 3.8	 Harmonic Analysis Results for

"Pumpkin Key" Tide Station

Amplitude	 Angular

a 
	 Velocity

(m)	 (deg/solar hr)

Period	 Phase
T i	 di

(solar hrs)	 (degrees)
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obtained. A depth recorder was mounted on a boat which traverser' acr

the channel and shoal areas. Within the inlet channel, a transit and

two-way radios were used to keep the boat on line and, in part, a ran

finder was used to mark the distance. Due to the increased traversing

distances over the shoals, two transits were used for triangulation

fixes to locate the boat's position within the shoal regions.

Once collected, the bathymetric data was corrected for the height

of tide during the periods of measurement and then reduced to the 1965

MLW datum. This information was then digitized into X-Y coordinates

with an associated depth and then processed by the SYMAP-SYMVU programs

at the computing facilities of the Northeast Regional Data Center at the

University of Florida. The results of this analysis are shown in Figures

3.7 and 3.8 and in Appendix C. Figures 3.7 and 3.8 show a three-dimen-

slonai perspective view of Redfish and Captiva passes, respectively, and

Figures C.1 and C.2 show their associated two-dimensional forms. Con-

tour lines, in meter intervals, have been drawn in on Figures C.1 and

C.2, providing an excellent bathymetric representation of the two passes.

3.2.2 General Idathymet 'y

Low altitude photography was used to evaluate the depositional and

erosional patterns of the islands and associated inlets. LANDSAT

imagery, processed on the IMAGE 100 system at NASA-KSC, was used to

develop generalized bathymetry in support of the findings of the inlet

surveys.

Using the results of the bathymetric surveys as ground truth data,

six depth intervals (themes) were developed in the IMAGE 100 analysis.

a
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These were: 0-1 m (grass flats), 0-1 m (sandy bottom), 1-2 m (sand),

approximately 3 m, approximately 4 m, and 5-8 m. Each theme was ana-

lyzed and recorded separately ana then displayed together as is shown in

Figure 3.9. Figure 3.10 shows only the 0-1 m (sandy bottom) and the 1-

2 m (sand) themes, delineating the shoal systems associated with all

inlets. In the bottom left hand section of Figures 3.9 and 3.10 are two

"windows", which are digital magnifications of Captiva Pass (bottom left

hand corner) and Redfish Pass (bottom middle) and highlight the inlet

shoal systems. The depth intervals and their corresponding color themes

are given in Table 3.9. By comparing the results displayed in the

windows of Figures 3.9 and 3.10 to those from Figures C.1 and C.2 in

Appendix C, a very good agreement between the hydrographic survey re-

sults and the satellite imagery analysis becomes apparent.

Table 3.9	 Color fade for Depth Related

Features in Figures 3.9 and 3.10

Color Depth

grey land

blue 0-1 m (grass flats)

orange 0-1 m (sandy bottom)

green 1-2 m (sand)

light blue = 3 m

yellow = 4 m

pink 5-8 m

black unclassified water depths

To determine the water surface area of the nine model segments and

the northern and southern model boundaries within Pine Island Sound,

IANDSAT imagery data was used instead of conventional planimetry

i
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Figure 3.9 General Results from LANDSAT Imoyery Analysis
showing Depth Related Features (see Table 3.9
for legend )
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Figure 3.10 Results from LANDSAT Imagery Analysis Showing
Shoal Systems Associated with the Inlets.
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techniques. The irregular shape of the coastline and the large number

of islands can be more accurately delineated in considerably less time

by the image analysis than by the use of either a planimeter or a con-

ventional digitizer/integrator. The cursor on the color cathode ray

tube (CRT) was used to locate the end points of the transect lines

(inter-segment borders) and then acreage values were established for

water surface areas between the transacts and the land boundaries. This

information is listed in Table 3.10 and shown in Figure 3.11.

To determine the average depth within each of the segments, each

segment was.subdivided into four sections. The average depth for each

subsection was found from the Nautical Chart 11427, NOAA. These four

values were averaged to give the mean depth below MLW 1965 for the

entire segment. This data, together with the segment lengths and areas,

is contained in Table 3.10.

Table 3.10 Depth, Length and Water Surface Area Values

for Model Segments and Boundaries within Pine Island Sound

Mean Mean Water
Segment No/Inlet Depth Length Surface Are4

(m) (m) (hectares)

Southern Model Boundary 1.7 2065.0 725.3

1 1.0 1950.0 1053.8

2 1.1 1960.0 985.4

3 1.3 2450.0 1684.5

4 1.2 2600.0 2037.4

5 1.6 3300.0 2594.4

6 1.2 2690.0 2122.0

7 0.9 3090.0 2384.0

8 0.8 3050.0 2188.6

9 1.1 2710.0 1673.5

Northern Model Boundary 1.3 1825.0 1003.5
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ORIGINAL PAGL
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( Skewed image —not geometrically corrected)

Figure 3.11 Resulting Determination of Water Surface Areas
within Pine Island Sound by L.ANDSAT Imagery Analysis.
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3.2.3 Beach Profiles

Beach profiles, extending from the top of the beach berm out to

water depths of 5 to 6 feet,were taken every 330 m (1000 ft) along the

northern Gulf shoreline of Captiva Island and at every 33 m along the

southern must 330 m of Captiva's coastline. Profiles were taken prior

to and just after storm activity during the 15th to 20th of October.

However, due to instrument errors, vertical control between all profile

base pegs was not accurate. Pre- and post-storm profiles resulted in

net changes in the beach profiles, with net erosion occurring along the

northern coastline and significant deposition occurring on the northern

side of the rock ,betty on the southern tip of Captiva Island. Profiles

taken along the southern end of Captiva can he found in Appendix U.

3.3 Inlet Flow Measurements

The spatial and temporal distributions of the tide induced flow

through Redfish Pass were measured over flood and ebb flows during both

spring and neap tidal conditions. From 07:30 to 19:30 on October 25,

vertical velocity profiles (Appendix E) were obtained approximately at

hourly intervals at six equally spaced locations, labelled Stations A,

B, C, D, E, and F, across the throat section of Redfish Pass. Two boats

simultaneously obtained the profiles using Ott type current meters with

four inch impellers and using hand counters to count the impeller revo-

lutions over a fixed time interval of 30 seconds.

The Ott meters were calibrated prior to field use by comparing

results from tes'%'*,s performed in a towing tank, in which the current

meters were towed along at a predetermined velocity, to the manufac-

turer's calibration charts. The results of the comparison were most

i
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E
satisfactory and so each cf the velocity measurements made in Redfish

Pass represented an average flow velocity taken over a 30 second interval.

After ez.a profile was obtained, each boa, moved to do adjacent

station, the position was established by a buoy which had been placed at

an earlier time, and monitoring continued. The total time for each boat

to shift and to measure three velocity profiles was. on the average, 30

F	 minutes.

On October 31st from 08:00 to 18:45, the velocity distribution for

the spring tidal condition was measured. Due to equipment malfunction

and personnel shortages, only four stations were monitored, and they

were stations B. C. D. and E. During both days the angle of cable

deflection from Lire vertical position was estimated.

It was assumed that a reasonable correction to the vertical posi-

tion of the current meter, as affected by the flow induced drag, could

be made by assuming a linear cable deflection from the surface to the

meter. All profiles were adjusted to account for this deflection and

then drawn. The average velocity for each profile was obtained by

integrating the profile over the depth of flow. Appendix E, contains

these profiles together with the value of the average flow velocity.

The spatial distribution across the throat section was determined

by plotting the depth-averaged values for each station for every time

sampling period. Figures 3.12 and 3.13, respectively, show the spatial

and temporal distribution of the flow in Redfish Pass during the 25th

and 31st of October 1978. The spatial distributions were subsequently

integrated across the width of the inlet to give the cross-sectionally

._ x
r

averaged mean velocity, u a . Figure 3.14 shows the tine chang-

ing values of ua for the 10/25/78, 10/30/78 and 10/31/78.
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To obtain the times of slack water and the maximum ebb and flood

velocities in all of the inlets which connect Pine Island Sound to the

Gulf of Mexico, velocity profiles were simultaneously recorGed during a 	

3

12 hour period on October 30, 1978. Ott type current meters with four

inch impellers were used to measure the average velocity over a 30

second period at each depth in Redfish and Captiva passes and in the
t

northern model boundary. A Gurley type meter with a direct velocity

reading meter, which was recalibrated prior to use, was used in the

southern model boundary at St. James City.

The velocity profiles were plotted and the depth-averaged values

found by integrating the velocity measurements over the flow depth. The

profiles at their depth-averaged values can be found in Appendix E, and

the time distribution of the depth-averaged values for each inlet for

October 30 is shown in Figure 3. 14 and Figures 3.15 to 3.17.

3.4 Salini ty Measurements

Salinity, conductivity, and water temperature profiles were ob-

tained simultaneously with most velocity profiles taken on October 30,

1978, at Captiva Pass and at the northern and southern model boundaries.

Salinity profiles were taken at Redfish Pass on October 25th. In the

shallower regions, a Heckman Model RS53 Electrodeless Induction Sal-

inomet:er was placed 30 cm above the current meters. At Redfish and

Captiva passes, a Van Doorn water sampling bottle was used to sample

water from predetermined depths and the salinometer was then used to

measure the salinity of the sampled water.

Two important results come from these measurements. First, the

salinity and temperature profiles at each location were constant with
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depth. This indicates that throughout the study period, stratification

within the inlets did not exist at the time of measurement and that the

water in each inlet can be considered "well mixed". This would be ex-

pected in such a shallow bay. The second important observation is that

the salinity of the water decreases towards the southern model boundary

of Pine Island Sound. This observed trend is consistent with expecta-

tion since the Caloosahatchee River discharges into San Carlos Bay, a

bay which adjoins the southern end of Pine Island Sound.

A summary of the results of the salinity measurements is contained

in Table 3.11, below:

Table 3.11 Time Averaged Salinity Values for the Four

Inlets Connecting Pine Island Sound to the Gulf of Mexico

Inlet Salinity
(parts per

thousand, ppt)

Northern Model Boundary 35.5 ± 0.9

Captiva Pass 33.0 ± 0.5

Redfish Pass 33.0 + 0.5

Southern Model Pass 29.3 f 1.0
3.5 Wind and Wave Data

During the months of October through December 1978, daily LEO

observations were made along the Gulf coast of Captiva Island at the

"Gulftide" tide station (see Figure 3.1 for location) in order to

obtain wave and littoral current data (Balsillie, 1978). The only

significant wave activity occurred during the period of November 27th to

December 4th and Table 3.12 summarizes the pertinent data collected

during that time.



r•:

Daily wind roses were established from data collected from th

weather station owned and operated by the Captiva Erosion Preventi

District. This station is located on the northern tip of Captiva

Table 3.12	 LEO Observations along the Gulf

Coast of Captiva Island

Width of Littoral Drift
Day Time Wave Height	 Wave Period Surf Zone Direction Magnitude

(m) (sec) (m) (m/sec)

10/14 1800 <0.3 - - - -

10/15 1230 1.6-1.9 8.0 30.0 N to S 0.15

10/17 1200 0.6-1.0 6.0 12.0 N to S 0.06

10/19 945 0.6-1.0 5.0 8.0 N to S 0.53

10/20 1200 <0.3 - - -

3.6 Sediment Data

Sediment cores, each approximately 15 cm long and five cm in diam-

eter, were taken in and around Redfish Pass and its associated shoal

system. Percentage shell content and granulometry analyses were per-

formed on these samples and results can be made available upon request

from the Coastal and Oceanographic Engineering Archives, Weil Nall,

University of Florida, Gainesville, Florida, 32611.

71



t;

k,	 N01- FILMED

CHAPTER IV

EVALUATION USING THE HYDRODYNAMIC MODEL

4.1 Numerical Model Verification

A simple sinusoidal tide was programmed to determine the time when

the effect of the initial conditions become insignificant for the

outside of the southern model boundary, Redfish Pass, Captiva Pass, and

outside the northern model boundary. The respective phLse lags used at

each of these inlets were:

southern model boundary, 0.0 hours
Redfish Pass,	 -4 hours
Captiva Pass	 -3 hours
northern model boundary -0.5 hours

A plot of the first 76 hours of the tidal variations acid of the sinu-

soidal tide was prepared for two of the segments. After six hours, the

maximum amplitude of the tidal response within the two segments remained

constant. Therefore, model results were referenced to a time frame

which begins six hours after the start of the model test run.

The results from the harmonic analysis of the "Gulftide" and

"St. James City" tidal records were used as input data into the model.

Phase la gs of -0.05, 0.45, and 0.85 hours were applied to the "Gulftide"

time record to account for the difference between the time of arrival of

high tide at the entrance to Blind Pass, Redfish Pass, and Captiva Pass,

respectively, to the time of arrival of high tide at the "Gulftide" tide

station. Each tidal record generated by the model was adjusted so that

the reconstructed tide at all model boundary locations were identical

with the actual tide measured from midnight, October 28th through rrid-

night, October 31st.
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Information on the length, depth, and surface area of each of the

nine model segments and of the four active inlets, as contained in

Sections 3.2.1 and 3.2.2, were fed into the model together with bed

frictional resistance factors for each segment and inlet. A time step

of 300 seconds (5 min.) was used and each model run lasted for 72 hours.

Graphical display of the tidal elevation at the outside of the southern

model boundary and Redfish Pass, and at the i„side of Blind and Redfish

passes, together with a display of the velocities through the southern

model boundary, and through Blind, Redfish and Captiva passes, were

continuously plottea for the full 72 hours of each test run. Tabulated

results of the flow into each segment, tidal elevation of each segment,

the flow through each inlet, and the average velocity within each inlet

were printed out every 10 minutes for the ffrst 24 hours of each test.

The results front the test runs were compared with the actual tidal

data collected at the "Gulftide", "St. James City", "Blind Pass", and

"South Seas" tide stations between the 28th to 31st of October. Also,

comparisons were made of the times of slack water and maximum velocities

through the southern model boundary, Redfish Pass, and Captiva Pass

measured during October 30th. Adjustments were made for the frictional

resistance factors to achieve a satisfactory agreement between the

predicted and measured results. The final values used in the model

were:

Inlets: Darcy-Weisbach Friction Factor = 0.05
Model Segments: Darcy-Weisbach Friction Factor = 0.01

Results from the model, together with the appropriate measured data

points are shown in Figures 4.1-4.4. Figures 4.1 and 4.2 show the tidal

elevation at the outside and inside (TIU 5) of Redfish Pass, and at the

outside of the southern model boundary ("St. James City", TID 12) and
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inside of Blind Pass (TID 3), respectively. Figures 4.3 and 4.4 show

the velocities through Redfish and Captiva passes and through Blind P?Iss

and the southern model bnundary, respectively. These figures show that

a good agreement between the measured and the predicted values fc:- the

computer model has been achieved. Hence, a satisfactory representation

of the present day hydrodynamics of the Pine Island Sound and of the

flow through the inlets which connect Pine Island Sound to the Gulf of

Mexico has been presented in the form of the numerical model.

The model can be used to predict the effects due to the reopening

of Blind Pass and other associated events, if it is assumed that the

General morphological conditions within Pine Island Sound will not

significantly change when alterations are made to the model boundary

conditions.

Low altitude photography, together with information from a 1974

survey2 of Blind Pass, was used to determine the historic channel length

and width of the pass from 1966 to 1975. To determine the associated

depth for each channel width, use was made of Figures 3.4a and 3.4b in

Winton (1979) which are reproduced in this report as Figures 4.5 and

4.6. The basis for these figures comes from Mehta (1976), who plotted

the cross-sectional mean depth, d c , against the width, bc , at mean water

level at the throat section for inlets along the U.S. coastline and for

some small scale and model inlets. Mean lines through the data points

were drawn in order to indicate the average trend. Galvin (1971)

studied the plan form features of 51 inlets located along the east and

Gulf coasts of the United States. Width/depth data for inlets not

2 W. D. Bender, Captiva Erosiun Prevention District, Personal Communi-
cation.
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already included by Mehta was abstracted from Galvin's report by Wint

and, together with data from several inlets along the southwest cogs

Florida, were included with the data shown in Figures 4.5 and 4.6.

inclusion of this data required a modification to Mehta's trend line.

This new trend line for unimproved inlets can be expressed by the

following width/depth ratios:

be < 150 m	 do = 0.038 
bc0.87 

m	 (4.1a)

be > 150 m	 do = 1.164 bc0.19 m	 (4.1b)

It should be notee+ that most of the data collected was from estab-

lished inlets or from inlets with relatively good stability. Bedrock

control of the inlet geometry must play some part in determining the

width/depth ratio, thus explaining some of the variation a c seen in

these figures.

The 1974 survey of the entrance to Blind Pass was used to check the

width/depth assumptions. The cross section under the bridge, which

connects Captiva and Sanibel islands, is shown in Figure 4.7. The

surface wid',h at MLW is 64 m and the average depth is 2.08 m, which is

deeper than the 1.42m vlaue predicted by Equation 4.1b. However, one reason

for this difference is due to the constriction of the width by the

bridge abutments (especially the northern abutment) and the consequent

increased bottom scour. Consequently, the results shown in Figures 4.5,

and 4.6 were used in the model and should be uFed for the design depths

of channel dredging.

4.2 Model Application

The model was then used to evaluate the effect of opening Blind

Pass to different channel widths which were varied from 10 m to 400 m.

The effect of these changes on the maximum velocity through the other

81



m
0t

v

cc
v
t
V

c

w
0
c
.2
N

NNO Q
V 6ii

c
TM m

v►

X

v

ZI
1
cc



t
n

E
existing inlets is shown in Table 4. 11 and in Figure 4.8. Due to the

mixed nature of the tides in the Captiva region, there are up to four

different maximum velocities through each inlet per tidal cycle, the

maximum of which usually occurred during the spring ebb tide. The

average maximum velocity, as shown in Table 4.1 and Figure 4.8, is the

average value of the maximum predicted velocities d ooring the spring

flood, neap flood, and ebb tidal flows.

Figure 4.8 shows that a significant increase in the cross-sectional

area of Blind Pass results in only a slight increase in the maximum

spring velocity. At a cross-sectional area of 1400 m 2 , the maximum

spring velocity is 0.72 m/s, which is only 0.15 m/s greater than (26'.

increase over) the maximum spring velocity at an area of 28 m 2 . The value

of the average maximiu„i velocity through Blind Pass increases with the

increase in flow area from 0.45 m/s to 0.55 m/s, as the flow a rea in-

creases from 2.5 to 1500 m2.

The model was run for three cases of different depth but constant

width to test whether an increase in the flow depth would result in a

significant increase in the flow velocities. The results, giver, in

Table 4.2, reveal that for a width equal to 75 m, a 66 percent increase

in flow depth, results in only a S, percent increase in the maximum

spring velocities.

The reason for the very weak dependence of flow velocities on inlet

cross-sectional area and flo ►, depth is due to the fac* :hat the tidal

prism through Redfish Pass and through Oe southern model boundary

provide a tidal head difference between the inner and outer ends of

Blind Pass, and hence, is the dominant factor which controls the flows

through Blind Pass. If Blind Pass was the only tidal inlet connecting

83



Or•
.•r rt

Lnf`
O

nSkn
N

Cr c

r
a u

W

O CI

'Cf L

b M=-•
Z W^ O^ •r
•r 41g •r

V

O
c >c
it

L x
9
4- c
O O
4J WN

d
W C

.r.
• C0

4-
N O

fd 41
F- a

w
O

CAP 41

L)

W

OI
•r
>{ L

dIA

41 >>C ECM 4.j 0-4 v
fO •►1,-,1
al 0

Q 
ŷ
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Pine Island Sound to the Gulf of Mexico, then a far greater variatio

maximum flow velocities with a change in flow area would be expected.

Table 4.1 shows that the effe.,t of the reopening of Blind Pass on

the flows through the other existing passes. The greatest percent

change in the maximum spring velocities from present flow conditions is

a 7.1 percent increase at the southern model boundary. This increase

occurs when the cross-sectional area of Blind Pass was chosen to be

1400 m2 . Figure 4.8 shows the estimated or measured flow areas in 1966,

1970, 1974 and 1975. It is obvious that the flow area of 1400 m 2 is

significantly larger than these historic flow areas. The maximum

percent change in spring velocities through the other inlets for cross-

sectional areas of Blind Pass up to approximately 200 m 2 (width = 75 m)

are:

southern model boundary 	 +1%
Redfish Pass	 -3%
Captiva Pass	 -2%

The effect on the tides within Pine Island Sound due to the re-

opening of Blind Pass is predicted to be minimal. The greatest pre-

dicted changes in the t'^..±es behind Blind Pass occurs when the cross-

sectional area for Blind Pass is chosen to be 140n m 2 . Under this

condition the times of arrival of high and low wateti cre predicted to be

45 minutes to one hour earlier than under present conditions and the

tidal amplitude is increased by 0.04 m. The effect on the tides behind

Redfish Pass is even less, with the times of arrival of high and low

water being 15 to 20 minutes earlier than at present and with an in-

crease of 0.02 m in the tidal amplitude.

The effects on the tides at both locations are significantly less

for smaller cross-sectional areas of Bind Pass. The model results
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indicate that the effect on the time sequence and amplitude of tides of

Pine Island Sound, due to reopening Blind Pass, are negligible. How-

ever, there would be water intercnango.

During the time of tidal data collection and subsequent analysis,

it was noticed that the time of arrival of high and low water at the

"St. James City" Station were delayed by approximately four hours with

respect to the "Gulftide" station. Since the tidal wave moves generally

northward along the southwest Florida coastline, the delay of the

arrival times of high water at "St. James City" indicated that signi-

ficant retardation due to flow constriction must be occurring between

"St. James City" and the open waters of the Gulf of Mexico. The major

restriction of flow comes from the Punta Rassa-Sanibel Causeway which

was constructed in 1963, and which consists of three open piled sections

and two very long spoil islands.

The tidal phase lag due to the causeway cannot be accurately es-

timated with only the data collected in 1978. However, estimates for

two hours and four hours were obtained using the model. The results

derived from this analysis indicate that the earlier arrival of the tide

at "St. James City" causes a slight decrease iii the maximum velocities

through all of the inlets, except for the southern model boundary, which

experienced a slightly greater velocity peak. More data and a more

accurate hydrodynamic model of the Pine Island Sound and of San Carlos

Bay are needed to confirm or modify these tentative results.

Redfish Pass is a relatively new inlet within the Pine Island Sand

system, having opened in 1926 during a sever: hurricane. Since then, it

has increased in size and in tidal prism, and has trapped extensive
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1.

F

6
	 quantities of sand in the associated shoal system both in the Gulf of

Mexico and in Pine Island Sound.

The additional tidal prism through Redfish Pass must have some

effect on the flow through the adjacent inlets. Therefore, the hydro-

dynamic model was used to determine the effect with Blind Pass open and

Redfish Pass closed. Despite the fact that the morphology and hydro-

dynamic characteristics of Pine Island Sound and the other inlets have

changed since 1926, the model results indicated that the openi^g of

Redfish Pass caused a slight decrease in the flows and in the maximum

velocities through Blind and Captiva passes.

4.3 Summary and Conclusions

A computer program was developed to determine tidal effects on the

various inlets connecting Pine Island Sound and the Gulf of Mexico.

Input included data from field investigations, actual tidal records,

inlet dimensions determined from aerial photography and previous studies.

These adjustments resulted in a satisfactory representation of the

present day hydrodynamics of the area that could accurately predict

velocities of flow and tidal elevations.

The model was then used to determine the effects of reopening Blind

Pass. Inlet dimensions and flow velocities were varied, yet, these

changes did not significantly change the overall tidal response.

Redfish Pass has increased in size and tidal prism since its opening in

1926. The effects of closing this pass were also examined by the model

and results indicated no significant c:,anges in flows through the other

inlets.

In conclusion, the numerical model of Pine Island Sound and its

associated inlets has been successfully calibrated with data collected
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between June and December, 1978. Assuming that no significant changes

from the measured conditions occur within Pine Island Sound, the numer-

ical model predicts that the reopening of Blind Pass has negligible

effects on the tides within Pine Island Sound and on the maximum veloc-

ities through the existing inlets.
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APPENDIX A

Tne following Carbon 14 dates were obtained on materials sampled by

H. K. Brooks, 1971 and 1978. Test pits were dug and materials tor dating

were carefully selected on the basis of freshness, color and absence of

wear. The surf clam, Spisula was used in most cases because, during storms,

these shells are thrown up on the beach in great quantities. Where not

obtainable or where there was evidence of reworking, shells of

Chione cancellata, the barred venus, was used	 Some sites were checked by

two analyses. In every case, the date platted on Figures 	 and	 are the

youngest dates. For this report, the half life of 5570 years has been chosen.

The samples analyzed by Geochron Laboratories, Cambridge Massachusetts (GX-XXXX)

were C 13 corrected. The previous samples, dated by Gakushuin University,

Tokyo, Japan (GAK-XXXX), are uncorrected dates. B.P. (Before Preserii.) is 1950.

Laboratory
No.

GX-6085

GX-6086

GX-6087

GX-6088

Sample description
and location

Shell, S isula, north end Cayo Costa,
depth 3-5 ft., 26 0 41' N, 82 0 14.9' W.

Shell, S i sula, north end Cayo Costa
depth 3167t., 260 41' N, 82 0 15' W.

Shell, SPis_ul_a, highest beach ridge,
north end Cayo Co.;ta, depth 3.5 ft.,
26° 41' N, 82° 15.2' W.

Shell, S ip'sula, east side Buck Island
2-3 ft. depth, 26 0 30.1 N, 82 0 10.8' W.

Carbon 14 years
B.P.

2135 ± 125

605 ± 125

710 ± 120

1565 ± 120

1005 
t 

145

1930 ± 125

	

GX-6089	 Shell, S ip sula, west side Buck Island
2-3.5 ft. depth, 26 0 31' N, 82 0 10.9' W.

	

GX-6090	 Shell, Spis^ula, near Murdock Bayou,
Cayo Costa- ,	 ft. depth, 26 0 38.1 N,
82 0 13.9' W.
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GX-6091 Shell, Spisula, low beach ridge east of 1705 ± 135
mangroves, Captiva Pass, Cayo Costa,
26°	 37'	 N, 82°	 13.3 W.

GX-6092 Spisula, in mangrove peat, CaptivaShell,
	 9

1520 ± 130

Pass, deptN 	 ft. , 26°36 . 6'	 N, 82 ° 13.5'W

GX-6093 Mangrove peat, probably contaminated by 845 ± 130

younger roots, same as GX-6092.

GX-6094 Red mangrove stump in place on fore beach, 400 ± 120
south end Cayo Costa, 26° 37'N, 82° 13.5'W

GX-6095 Shell, Spisula, near Murdock Bayou, 2060 ± 135
Cayo Costa, '	 ° 39'	 N, 82" 14.4'	 W.

GX-6096 Shell, Spisula, southwest of Old Wave 2665 ± 130
Mound,	 ayC- o Costa, 26° 39.3 N. 82° 14.4 W.

GX-6097 Shell,	 Spisula, Gulf s^'de, Cayo Costa, 1670 ± 100
depth 2-Tt

_
.; 76° 40.3' N, 82° 15.1 W.

GX-6098 Shell, Spisula, east of road on Wulfert 1840 ± 120

Ridge, Sanibel, depth 2.5 ft.,
26°	 29.3 N, 82°	 13.3'	 W.

GX-6099 Shell, Chione, probably reworked, same 2380 ± 130

as above.

GX-6100 Shell, Chione, east of Dinkens Bayou, 655 ± 115

Sanibel,d-epth 2 ft., 26 0 28.8 N,
82 0	10.2'	 W.

i	 GX-6101 Shell, Chione, 0.8 mi. 	 S.E.	 Wulfert, 475 ± 135
Sanibel, dept	 2 ft., 26 0 28.51N,
82°	 11.0'	 W.

i	 GX-6102 Shell, Spisula, reworked, same as above. 725 ± 100

GX-6103 Shell, Chione, back of city hall, 1550 ± 1N

i Sanibel, depth 2.5 ft., 	 26° 26'	 N,
82 0	4.4'	 W.

h	

GX-6105 Shell, Chione, low ridges in mangrove 3230 ± 145
swamp, Sanibe	 , 26 0 27.8'	 N, 82 0 9'	 W.

r-	 GX-6106 Shell, Spisula,ula, broken and reworked, 1885 ± 125

south of	 ..seen Waters Inn, Captiva,
depth 3 to 5 ft., 26 0	30.5'	 N, 82 0	11.3 W.

GX-6107 Shell, Chione, same as above. 1015 * 145

t

1
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GX-6120 Shell	 Spisula, at pond, abandoned airstrip. 1290 125
Captiva,	 I ft.. 26 0 31.7 1	N.
820	11.4 1	W.

GX-6121 Shell, Spisula, Foster Point, North Captiva, 1320 145
depth 8. 15-Tt—., 26 0 34.9 1 N, 82 0 12.5 1 W.

GX-6122 Shell, Spisula, north end Buck Island, 995 1 115
depth 2.5—f—t., 26 0 30.9 N, 82 0 10.8 1 W.

GX-6123 Shell. Chione, west of Tarpon Bay, Sanibel, 3010
+

130
depth 27—t., 26 0 26.5 1 N. 82 0 5.8 1 W.

Gak-4020 Shell, S isula, low ridqe just south of 380 t 75
PeriwinVT—e -U-rTve, Sanibel, depth 2 ft.,
26 0 27 1	N. 820 03 1	W.

Gak-4021 Shell, Dinocardium, same 460
+

80

Gak-4022 Shell, Chione, canal	 to Tarpon Bay, Sanibel, 2150 90
depth 2.5 ft.,	 260 27'	 N. 82 0 4.9'	 W.

Gak-4023 Shell, Chione, worn, same as above. 2660 75

Gak-4024 Shell, Chione, Wulfert Rd., Sanibel, depth 1560 90
73.5	 t..	 6x-*-78'	 N.	 82 0	9.2'	 W.
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E	 OF POOR QUALITY

APPENDIX B
Con't

*****the following are the two data subroutines called 'hamall' 6 capdat' the
hydrodynamic modc;s needs the data contained in these subroutines to model
Pine Island Sound*****

/ladoad capdat
DAPDAT FETCHED
/1
0000 1945.10 5417.72 1.00 0.0 0.00 0.010

'	 0001 1864.90 5283.93 1.14 0.0 0.0 0.010
'.	 0002 2446.40 6885.63 1.27 0.0 0.0 0.010

0003 2606.80 7818.11 1.23 0.0 0.0 0.010
l	 0004 3308.70 7841.15 1.63 0.0 0.0 0.010

0005 2687.10 7896.99 1.20 0.0 0.0 0.010
0006 3088.10 7721.25 0.90 0.0 0.0 0.010
0007 3048.00 7180.12 0.75 0.0 0.0 0.010
0008 2707.10 6180.78 1.10 0.0 0.0 0.010
0009 2065.2 3512.01 1.65 0.50 0.50 0.05	 0.25
0010 3000.0 75.0 2.5 0.50 0.50 0.05	 0.30
0011 540.0 220.0 5.34 0.50 0.50 0.05	 0.30
0012 1350.0 625.0 4.72 0.50 0.50 0.05	 0.30
0013 1824.6 5499.84 1.29 0.50 0.50 0.05	 0.20
0014 72.0 30.0

112



N

N

r

Ir
I
N •

8
M ^u

J^w...• -

OINC,M t. PAIX M

OF POOR QUALITYN ^ r
A N» wu
N Q M

o
aW&a iN •a ♦

M Y/ W 	 ng^qn O. N M ^^ M

ooio S,iaKiMOarNi	 At

kn

'ul ^pgfpp t+ yl M a ffyyp'^on ~Y
Y
^r ^ p^^ ^N^ pAMNM 10N MN `	 ^ C^

	

^1	 N

oA nW.fQyM	 ..•.^ ^cpTV+ pM ^v
O' D A W ov^ °' 6DN N ^C" "
V ^1 V rNV ^"110N^ny t/yt gyp' O C 

pp 
^^,rtrN N N r r N M lV r N fV ^'1 W ELY 

Mpp 
^{7. Cf^1 

21 9pp^
1 •, 4 R N 0

1f1 OO M Ifl M W 
pp • {r{p̂^ N1NAM

A^̂ lf r
1pp.^^l1

O^ A^ Q O Q O O O q •♦b 0 0 0 0 0 0 0 0 O O 0 0•
NM V Hl WheO [w A."l .+NM AI'1 Wn

sg^ssss^^^^^^

MOO N•p NwW M•A 11"15 N ^ M O r N WW N *̂pMUl V "015 N	 A[1AGy ulNrµlhM u/ D•	 A ON	 ulNr W,e V W O1 V n1V 	 tT!
y N {y ^M W ^V MNC1 A' W 	 r Alt ^y OyO •V NC1eM ^p NOON C: pfs lfl	 r	 iT Nf
^O n CO .- w O O r :75 u1 a W O .- O) Ctl of n t%5 .^ .- t7 O * m A/l M ,0 1 0 - Hl Jt f^'r uY
TT yy N1 1A N N N 00 w ' O N ' Jl M 0 h ON AA M N u1 R1 	 • O N .- •f1 M 

r ul pp
OO•iT IUr^"• ^.M.-f NNr W q

ON O. A:'AiT O [S r` V rV MNN
-0 %aO N r•` V N

w

b	 r	 tTWA W MO\	 OA Ut W (^^b ^.V W ^^pp Ap •̂ Gy MGA p,9	 O. 1f1 (y Ar•-tp^tp(gt
K	 C	 Q//1M ^^pp^p NMAT^^p - n•p 4?e^l •t1N lJ^ET OJA 1C1M fT 1A A 4^W 10 M4?N C?1C!
O~ ^ w	 ^ W OA OOO OAW 000 	 W M Nn V W m ^ ^ 000 rr OD I`1NNV • .
^L C	 N	 N N r'1 M V '- N V M W ,/^ n s} ' r N N N M to V .-- N r M ow N O^ A	 N N N

ip
Wy p pr	 rr^NNN.•-.- NNNrA,'J •^-rwfvN NA-• r NNNwN AN	 O—.-.

,/T̂ QO OAr n N p0	 ^C4ppw m 0, 000% ••A N S%1	 A00	 .•. M
O SNA JAA UI	 R1 W M1w J1 W W C,a GTNn •!^ 1!1	 iTK MA W /A A
O N u1 O M r	 N all W	 N N N O g 

.^A	 ••- CT r
.- aowcss 2r , 9§ac^ioc^ 'ii ulr.-o^rc^SwQ	 9c̀̂ il8 8 —M.-8'ulN
O O a CD 0 c O OOO aO O' O' Gl Ma CD 0O Q 0 Q CD 0 0 a 0 ca

.
 C;0 0o a

u y

e

OObNOnN pppp V'OA WV 1+1r OA ^1 O•M OwNWrNr WMN1V 	 N [T
NN W ul MN N+T N AintA m	 0Q %A	 bA V In tD1w M ONN

AA	 nMMgqpp 1ITT NAA {q^NAf+1N W OA^ry V /V N^M1C^N 01,1o,m,NO 1AyiJ^ '- CJ
NW^.-WMV rO^r-OU1VMAhMCJ 0010 A 00 . :n8 c,j V 	 ^e1^K1 Or-^ltl

f? cc co N oAn •A UlO at V n V M M p n ON lA 1ANN ul 00 'u1y 1fl M ;hV CIO r% NAA Ul ulr Mr AA tp NOd 1 P Om a w4MV ^t V P'NV WOp N A1Oh
N Nr r M .- Mr MN N M r 	 r r r.+PY '-N.V N r	 Nr-

OO OOV LTWn •OM C10O ►- ► C'f. •A OW.- O nA O• Wn Nf
M̀. O1 t00^0110 W 10 W ;;11N O 1A 1^'1 iC AO N M OA W CT .T W W M in N O Yl	 10Mu► Gll um 0) [S O^ W to C303	 00 MNn •0 O 1A 011fl O t w 4IO 0 m	 Rlm NM M

N NNNM UI V r NV M W NmP V r ' A NN NM1A V rN V M W1 N 01n V r^ N
Orr.- NNN.-.^N N ,V ^-N"mom O'- r• r NN Nr r-fV NNr N

fmkA	 r

AA W W W, OA UI AA ^p NNOO• N D^ lTr O. 000•r rhN p0pp 01 ODOr O1^^pp N r 1f1 VG C-4 pp n O Ol n N h r 00 O AApp p OA N h 0 AA AA O^ W r1 h CTT ^p W
O• O)^p h O

 "-s
 OO	 VAA^V N N N dD 8 N ul O ^1pp M r 

fO^ 
Ngy ^1,,^^11 ^p r N O11

P

A
r 

ul r Wr N OO W0 r N  C7 00 00 0 0 ulr r O O r O r O O C OOOO Ou` r
oo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O m O O O 0 0 O O O 0 0 0 0 0 0 0 0 f" O

.0 OC rp Np M AA W h O. O r N M V V7 W h 0D rr O r N M V AA W M OD Q1 O r f N, V 1Afq q C! O	 N V N fV N CV N lV N N M M +1 M M MC
pp^^

p
pp 

p
qq (p^pO OOp qp p POpOt7Q000 OPOOPOO pp QO C:,

ZA CJ OO O C •) 0 0 C? OO O CI n O Q O O O O O O O P O OO 000L7 O O O

^ u
^ cN •rN
N
a^
p N

C
N N
4 CL •^
A
O, O
C C
r

_O
.- O
^ u

213
.110

113

^..,.._ 1i.^.::..:_..._,._`_,..:'::.._...._..^.._......rY.,.. ^^...ur.^a:...yes,...iu:`.aw::i`.uuv.^.w..n:i.z...;..:s.^ams: vs•...c __.^:_:_. _..W^..a^^... 	 v-:.:. .._. .0 AY::^:^ s.._..z^.::: ...t ..	 -.xa c^^:-e



^.Ul 	 pRiClf U1 F^
OF POOR QULU lY

NI i ► Iti ► 1 PA S',',	 I	 1

P	 ,
HATE/t M! TM1l SOPWI v

Oct 14 /N

3
All 041VfIN• 0 1 * in m* f 01G '

4	 and	 ► 9f 10 4l W, 11#65

Art

1	 ^	 ^	 U	 C10	 I ^

•	 1 I••,'

I.

' 1r^ •

I	 .i	 •

^IF	 •\	 ',	 `	 1111 jig:

^t•	

,	 '	

^I ^ 

I i fr

'	 ,	 I	 , 1, 1	 f	 i	 '	 (	 1	 }1' ^

'1,^1^ti i	 I!f ^ ► 	 z ,;	 1 'iii:

N; 11'r	 ^	 •,

	

.,.,	
.a••i::,:, l^,i^, ,	

to s^f ^'^ ! ,!;
	 r

	

'	 SEt:;::::,1	 i	 ^I:

T	 h

	

^ ^^	 ^ ^	
^^.	

^^^^^	
^	 ^ . ;•	 ^^!^^^^. #^ 1 1111„ f	 +,1' i ^ 1

	1 `, I	 '11	 '^^^	 ^ r̂',	 ♦. 	 :^ ^	 ,, ^^^`^'	 '.^j:. l jl I '% 11^^1!11:l,^'. ^1 i,' '	 1Y^^^

IN
I	 i	 I	 ^ ^	 1 1 ^'1	 t: %j:	 1	 'Y.'::SY':::::^ ;",^.`I 	 7^	 !t}:1!1111 f!f	 f^ !

!ff^	 N ?^	 l:^^ ^, i^.^2i2:11^11^^:5! •,^ ►	 l	 11	 •^^^f{S ^ I t^ ^1}i
^i 1 ^^i1 ^;	 7	 :^'^^i^^'^';' :^^rrr • ii ;'^^f l	 '	 ;^ilil ,^^ ^ 3;1 {;^^^i

	

^	 i1^1	 .	 . ,j ,^	 , 1j k:,liii	 11,^•^1 
ynJ1^ +'	

^1^1	 ' i;i1 i'1 
I^^ ,	 li1 ,1,111 1	 f ^^'^	 ilia j^ 	i i	 ! 1 1 ^1 1i I

	

11	 ^	 ^i^('^'i1^^^ii{i^iM^	 •^{^^IL1;I:li: ?i a,;l,i! i {i ^^i;f:^, ^r ^	 i t i^i!!!11^1^

	

'	 ^	 '^	 !, f1^+ll ► i	 I '	 ^j1 ►ulv^; ,a l l ;!^III ! ^li	 ^ I	 (!i I)	 ^^ ^^ { ^^	 is	 ^
1

'	 ^	 ^ ^'	 ^^,^r^;'•:r:;l;'»^'r^^i	 :^i	 ^I i ' l^^^I ^^ i^^'i li	 ^^^^ I^ ^N'1 1
11^ 

ll •i	 iN^

f (^iii^ 
^i	

iG

+til! II!! 	 Ili
II^IH^^^^l^^^l^

Appendix Figure C I SYMAF' Two- Dimensional Mop of Redflsh
Pass Bothymetr y



OF POOR QU:.It TY

aflii' L`•:u:^w	 CAPT IVA PASS
BATHYMETRIG SUP%4Y

Oct 1918
'• t .7 if"'i':::='	 •t.	 All Doptt» or* in Motorlt

Rotor:::'j:.:21^ :•	 and RortoMLW,196^J
••,	 ttttt il^i_	 "t^	 `^..•	 '" 1)	 n rtA	 1 0

	

,IY.W •Sit l:t..	 ' . li	 •1	
• •.

	

•	 I •,	 111.-	 ^,\^	 ^ •}	 '1^••• \\ r' •	 .

Appendix Figure C.2 SYMAP Two- Dlmenstunal Mop of Copttva
Pass Bothymetry

116



I	 ^
1	 I,

117

_...........:	 _.....^•..:_._-.ups:..ar....:.na^..^..^..^-_::_..^^.:_u_. _. Yr..:.a..uuse^•-.. 	 , ,. ...	 .,	 .^..	 ^armor	 ... '.-'--.:-s,^w.,.:.^.	 _.^.u.s::-::,i_,...,sr..r..,_.,,frs,tt......%:a. s....^-u..s_.., ^?_., .. :...Wa ._ _.......y,...

}

`	 Uk^C.J7 a «y^ ^ .

i I	 POOR QUAD

It
	 ^ E

f,

r

►I
N

°s g

I^

I3

_Q

w
O

C
W

c
a

0
t

v+
c0
v

d
0
a
tu
0
0
Jn

0

0

V

Q =

o a



E
to

N0
si

aCIS
O
11

g
4

+^G 1 J
ORiGIVIAL
OF POOR Q

E

" 
5P-vN

p^M

o..
Ell

d.4
LO  

z

3
Ng
g

l
WJ

a

zo

g

a ^

ih

i

KOD

Q

I

I^

^W
J

a

r
V

w

v
a

c

Au

asL
v^
li

x

c

a
C16

I;
I^

Q

118



u

Q

rw

w ^w
5r

N N

Oît

's of

Q z

0 c *
t^G b w

d

° r
Q4z

4)
w i

3

0
a,

v+
LL

_K

C
aa

I^ E_
0

^^

>

l
I3

I^

P"` .^

N	
.,R

OF p00R QUALi k

Lot

v	 °i'^ o F

tiOD pt
N̂. a^^CD E

L

vd

	

g
	 v

cD	 ^
	 r

w

fw

	 l	 J	 qr

119

a



URIGINAL PhGE IS
OF POOR QUALITY

E
to

.^	 Nt	 —
^ P. ^
^^ N

c^
N
CO

Q ^ Y!

,9 w^ e

d

d

E

J
C

R
to
C
4
E

Q

c
o °

i
Ch.

co

J

i m

r
O

I

(3a

^o
a,

^	 c

c
o

W

E	
^'	 I ?^	 D

QI	 .x

CL
CL'^	 Q

120



k

ORIGINAL PAGE IS
OF POOR QUALITY

E919

80 40
VELOCITY (cm/sec)

0 40
FLOOD

80

•

I

2-°

O

0
mM

3 O

•
• v O

O
O

O

O

6

Time	 11 cm/sec 7 Time _ U cm/sec

• 10 . 15 70.4 0 17-20 68.2
• 12 .00 98.1 0 18 . 20 70.7

13 .30 14.7
V 15 . 35 15.6

STATION A
REDFISN PASS 10/25/78

Appendix Figure E.I Vertical Velocity Distribution for the Neop Tidal
Condition at Station A, Redfish Poss,October 25,1978.
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Appendix Figure E.2 Vertical Velocity Distribution for the Neap Tidal
Condition at Station B,Redfish Poss,October 25,1978.
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Appendix Figare E.3 Vertical Velocity Distribution for the Neap Tidal
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Appendix Figure E.4 Vertical Velocity Distribution for the Neap Tidal
Condition at Station D, Redfish Pass,October25,1978.
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Appendix Figure E.5 Vertical Velocity Distribution for the Neap Tidal
Condition at Station E,Redfish Poss,October 25,1978.
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Appendix Figure E.6 Vertical Velocity Distribution for the Neap Tidal
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Appendix Figure E.7 Vertical Velocity Distribution for the Sprin%Tidal
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Appendix Figure E.8 Vertical Velocity Distribution for the Spring Tidal
Condition at Station C,Redfish Pass, October 31,1978.
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Appendix Figure E.10 Vertical Wocity Distribution for the Spring Tidal
Condition at Station E, Redfish Pass, October 31,1978.
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