
BLIND PASS
II\LET MANAGEMENT PLAN

Submitted To:

CAPTIVA EROSION PREYENTION DISTRICT

March1992

Goasral PTaNNTNG e EruorruEEFuNGr, tNc.

DRAFT REPORT



Ftr
VII. COMPREHENSIVE INLET MANAGEMENT PLAN

The recommended plan for Blind Pass inlet management is a comprehensive pian addressing
storm protectioo, erosion control, mitigation, sand bypassing and (to a lesser extent) navigation.
The plan is a compositc of altematives desigted to meet physical requirements and local desires.
Thc recommtlrdcd plan (Figure 4Q eonsiss of phcement of 300,000 cubic yards of sand on
northern Sanibel to restore the shorcline, with periodic nourishment to rcplace expected losses.
A feeder beach is to be placed on southern Captiva to increase sand bypassing. Additionally,
overwash areas in Clam Pass Eayou and Old Blind Ihss are to be mechanically pushed
lvesfward, into a tlune wlth &e placed flll. An 800 foOt revetmeflt is to be constnrcted along the
road area most vulntrable to storm damage on northern Sanibel. Finllly, 6ve privae pareels
south of the pass will be ptrchased to cr te public beach.

4 ,nsrc dstailed explanation of the indiiriduai components of the plan f0llo$Sl

A. Storm Protection Element

A revetment wili be consEucted along 800 feet of Sanibel-Captiva Road in 1993 to
provide protection of the evacuaLion route. Part of the storm proteation element will be
to leave in place the groin built by Lee County and exte$ded by CEPD. This action wi.ll
maintain a protective beach in front of the Sanibel-Capdva Road just nonh of the Blind
Pass bridge.

B. Mitigation for Past Inlet Improvement Effects

A total qumtity of 300,000 cubic yards of sand will be placed on northern Sanibel to
mitigate for effects that have been caused by the groin constructed by l*e County in
19'72. This amouflts to 15,000 cubic yards per year over a 20-year period. The
construction will be accomplished in two phases. The first phase is to be implemented
with the revetment construction in 1993; a total of 200,000 cubic yards will be placed
at that time. The Second phase will be constrggted in 1996 ar part of thd Captiva Island
beach renourishmcnt program. Approximately 100,000 cubic yards of addltipnal fill will
be placed along with that project.

C. Sand Bypassing Element

{o increase sand bypassing from Captiva to Sadbel Island, a feeder beach will be placedj near the southern end of Captira island which wiil increase sand bypassing around the

brofh- niis f:eder beach is intended to mitigate future poter^tial impiits of the groin and
inlet {fslem to the beaches to the south. The feeder bee.ch wouid be placed every six
years ts pafl.of.sih&dai€. The r'eeder beach would consist of 15,C00 cubic yards per
yai; q 45i000 cubic yards in 1992 and 90,000 cubic ya{ds every.6ix years theceafter.
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D. Erosion Control Element

The erosion control element consists of lwo components. The fust component is
intended to control the high rereat rates in the vicinity of Clam Pass Bayou and Old
Blind Pass. Sand that has washed into the bayou will be pushed up into a berm and
integrated with the beach nourishment program so that frequent overwash can be avoided.
This element also ties in with the environmental element in that it al1ows the beach to be
intermittently breached at this location. This provides for flushing of Clam Pass Bayou
ard Old Blind Pass as has been historically the case. Should a major storm overwash
these islands and again lower the elevation, immediate emergency action would be
undertaken to rebuild these spits to protect against frequent winter storm events. It is
estimated that 25,000 cubic yards of sand is available for this purpose.

The second part of the erosion control element is the long term maintenance of the
beaches adjacent to the pass. This ircludes both Captiva and Sanibel Islands. Captiva
Island already has planned to renourish its beach on approximate 6-year intervals. Under
the inlet management program, northem Sanibel beaches will be renourished on the same
interva-l. Fill will be required in addition to the mitigation fill placei in 1993 and 1996
to address historical erosion rates for northem Sanibel. These rates have been estimated
to be approximately 20,000 cubic yards per year. This amount is based on an historical
erosion rate of 35,000 c.y./yr. Iess 15,000 c.y./yr. exua blpassing as a result of the
feeder beach. Based on these projections, northem Sanibel's beaches will need

approximately 60,000 cubic yards in 1993, and 120,000 cubic yards as part of the
renourishment program in the year 1996 and every 6 years thereafter.

E. Navigation and Flushing Element

Part of the navigation and flushing element is to leave the north jetty in place which has

apparently increased the stability and flushing capability ofthepass. Itis recognized that
the feeder beach proposed under the sand transfer element will increase the sediment
loads moving past the inlet. However, it has been determined that intermittent closure
of the pass is acceptable to the adjacent communities as it replicates the historical, natural
functioning of the pass. It is believed that the pass will remain as stable (or more stable)
than it has been in the past with the above described actions underta.ken.

Future consideration should be given to the potential construction of a south jetty on the
pass to help direct tidal curents moving through the pass and to assist in stabilizing the
sand transfer system along the ebb tidal shoal.

Consideration should also be given to dredging of active shoaling areas within the pass
to improve the hydraulic stabiliry of the pass as weil as to recapture sand that is lost from
the beach system. Dredge planning should be sensilive to seagrass communities and bird
feeding areas that have deveioped within the pass as a result of historic and active
shoaling.
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F. Environmental Elements

The f,ust environmental element for this program includes the movement of sa.nd out of
Clam Pass Bayou and Old Blind Pass to rebuild the beachface berm and dune system.
This wi-il enable O1d Blind Pass and Clam Pass Bayou to interact with the Gulf in a
manner il which they have historically, with intermittent flushing of the estuary systems.

The second environmental element of the program is to leave thejetty and jetty extension
built by I*e County and the CEPD in piace. This has shown to improve flushing of the
pass and provides for water quality improvement within the pass.

The third component of the environmentai plan is to forego consideration of dredging
interior shoals within Blind Pass at this time. Portions of the flood shoal of Blind Pass

ate covered with seagrass and serve as nursery grounds for fish. In the surrounding tidal
flats, terns, egrets, and herons forage upon sma11 crustaceans, gastropods, worms ald
fish.

G. Public Access/Use Element

To address the public need for beach access, five private parcels located south of Blind
Pass will be purrhased, and the homes and structules will be removed. A parking lot
will be constructed and dune vegetation will be planted on the vacant property. This will
cause part of future expenditures for erosion conEol to be used for maintenance of public
beach. The public beach will also provide storm protection for the evacuation route.

H. Cost Estimates

Table 26 shows the projected costs of the inlet management plan over a 50-year project
Iife at an interest rate of 3%. T"he initial cost in 1993, which includes 800 feet of
revetment, 200,000 cubic yards of fill on nordrern Sanibel, a 45,000 cubic yard feeder
beach on Captiva, 60,000 cubic yards of advanced fill on northem Sanibel, and
redistribution of 25,000 cubic yards of overwash volumes into the dune is $5,200,000.

In 1996, the remaining 100,000 cubic yards of filI and 210,000 cubic yards for advanced
fill and the feeder beach will be placed at the same time as renourishment on Captiva at
a cost of approximately $2,400,000. Maintenance would continue on the Captiva
renourishment schedule every six years at a cost of approximately $1,600,000. Purchase
of parcels will cost an estimated $900,000. The annual cost of implementing the plan,
over a 50-year project life is $478,000.
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The interior of the pass should be monitored annually subsequent to beach frll south of
the inlet. It is possibie that placement of frll immediateiy south of the inlet without a
south jetty in place may increase shoaiing within the pass. The monitoring would enable
future evaluations for the need for a south jetty and/or interior dredgtrg of Blind Pass.
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VIII. FUNDING/GOVERNMENTAL ANALYSIS

The purpose of this section is to establish sponsorship and funding of the in-let management plan.
The implementation of the ir[et management plan will be underlaken by a local sponsor(s) with
funding assistance from the State of Florida. Since no one government agency has total
responsibility for Blind Pass it may be appropriate to share the duties of the local sponsor
between the following local governments:

I-ee County
The Ciry of Sanibel
Captiva Erosion Prevention District (CEPD)
West Coast lnland Navigation District C$/CIND)

While each govemment may parlicipate financially in the p1an, it would be appropriate for one
government to take the lead in the administration of the program. Each government agency has

a vested interest in seeing inlet improvements as follows:

A. I-ee County - The County constructed lhe 7972jetty at Blind Pass; maintains a
public beach north of the Pass (Iurner Beach), is responsible for coastal management
counlywide and is interested in maintaining the passes and bays. The County maintains
the bridge and roads of Captiva Island and has planned a revetment to protect the
roadway in Northem Sanibel Island. The Counly should provide the iocal funding for
the mitigation, sand bypassing, navigation and flushing, environmental and public use
element. They should share costs with Sanibel on the erosion control element.

B. The City of Salibel - Northem Sanibel suffers from high erosion and is
vuinerable to storm damage putting Sanibel residents at risk. The Sanibel/Captiva Road
that Sanibel maintains is threatened by natural background erosion of the beach of20,000
c.y.lyr. The City should help facilitate the public access and use element by
coordinating the land purchase. The City should also be joint sponsor of the erosion
conEol element rvith the County.
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Govemmental Analvsis

C. CEPD - The CEPD is responsible for erosion control on Captiva Island. In
1988-89 an erosion conkol project was constructed which restored the beach and
extended a terminal groin. The groin extension and beach erosion control project permits
require mitigation for impacts caused by the extension. The beaches in northern (6300')
Sanibel have been retreating faster since the completion of the Captiva erosion control
project. Since the groin may be partially responsible for this reteat, a mitigation amount
of 32,000 cubic yards has been identifred. This amount is approximately 70% of the
total mitigation fi1l. The CEPD should initiate its role ofjoint sponsorship in planning
the implementation of the inlet management plan, and by incorporating the i996 Inlet
Maragement Plan in their construction plans for their renourishment project. If



monitoring of the constructed plan shows that the groin extension is not causing erosion,
then their responsibilify under the mitigation element should be re-evaluated.

D. WCIND - The WCIND is responsible for navigation and boating in Ire,
Charlotte, Sarasota and Manatee Counties. The WCIND collects taxes in the four county
area for use by navigation and marine-related public projects. The WCIND should
participate in the navigation and flushing element and future inlet construction.

Table 2'7 shows a schedule of costs, broken down by element for the inlet management
plan implementation. Table 28 shows the percentage of funding to be provided by the
various govemments that will share il the costs of the program. DNR representatives
have indicated that a funding sharc of 75% for the State would be acceptable. The local
govemment shares are based on the benefits and responsibilities of the govemments as

described previously. Tables 29-31 present the ievels of funding to be provided by each
government for each phase of implementation of the inlet management plan.

r7-L
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TABTE 28

FIJNDII{6 LEVELS FOR SPOIISORS

STA TE COU|l IY SANIEEL CAPT I VA llC IID

A. SIOSII PROIECI ION ELEI1ENT

B. IIITI6ATIOI{ ELEI{ENT

C. SAIIO BY PASSiNG ELEIIEIiT

D. EROs ION ELEIlENT

E. NAVI6ATIOIi ELIIlENT

F. EN\/IRONI{ENTAL TLEXEI1T

6. PUBLIC ACCESS & USE

75.07

7 5.07.

15.41

7 5.02

7 5.0L

15.0',1

7 5.l',t

tt.aL

25.01

t?.5L L?.31.

t.Jt,

25.07

IASLE 29

COST SHARIIi6 FOR I99] PROJECI

STATE COUI{TY SAIiIBEt CAPTIVA lrc IN0

A. SIORIl PR{)TECTION ELEI1E}II

8. IIIIIGATIOIi EL€IlENI

C. SANO 8Y PASSII{G ELEI.IEIiT

O. ERI)S I{]II ELEI{ENT

E. IIA1/IGATIt}N ELEI.lEI{T

F. EI{V I flONIlEI{TAL ELEtlENI

G. PUBLIC ACCTSS & USE

750,000

1,650,000

225,000

t75,000

0

7 5, 000

825,000

250,000

{95,000

7 5 ,000

62,500

0

l2, 500

247,500

0

0

0

62,500

0

12,500

27 t500

0

55,000

0

0

0

0

0

0

0

0

0

0

0

0

t,900,000 1,14?,500 102,500 55,000 0
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Captiva beaehes stabilized
Erosion panel told sand
drift is low in most places
By frr Lcc f:iedcrsdorf
Sta,O WrILer

Captlva's Eroslon Board Commlssloncrs
rccclvcd a good-ncws. bad.ncws report from
thetr consulttng cnglnecr latc wednesday
nl6ht that thc $10 rnUllon beach lcplcntsh-
mcnt along the rcsort tsland has elodcd an
averagc of 2 1/2 fcct slicc last Septcmber, but
t}lc sand loss ls weu wttltn cxpectatlons and
much of thc bcach has stablizad,

Englnccr Tom Campbcll. of Coastal Plan-
nlng & Enghccflrg, of Boca Raton. Captlva's
beach croslon and rcnourlshmcnt cnglnee!,
brtcfed thc Eroston Boaid Commlssloners on
thc latest beach monltortng rcsults from a
survcy conductcd betwecn last Scptember
through thc past Aprtl.

Campbell sald thc Captlva beaches have ac-
tually added sand ln sevelal areas. the most
notlccable at thc extrcmc far end oI thc tsland
at thc South Scas Plantatton property, and
another sector tn mtd-tsland.

At thc same tlrne. Campbell warned. three
"hot spots" along thc Captlva coast contlnue to
erodc at a faste! than expcctcd pace. Thcse ar-
cas, Campbell explalncd are at the southcrn
end of the South S.as Plantatlon ptopcrty;
another area also at mld-lsland and at the

south end of Captlva Just north oI a contro-
vcrslal IOO-Ioot bouldcrJetty that extcnds lnto
the CulrJust north of Bltnd Pass at Tumcr
Bcach.

Most of the rr sslng sand at thc "hot spots,"
however. Campbell ciplalned, has depostt.d
Just oll shore and should move back to shore
cvcntually.

ttle over-all ellect o[ thc Captlva shorcllne,
Campbell addcd. Is onc o[ "stabtllty' and he
sugEested no chang. ln the prescnt 1995 target
date for rcplenlshlDcnt of thc beach.

campbcll descrtbcd thc past wlntcr as
"unusual" ln that thc normal south!,rard drlft
of thc Culf shorc watcrs was tnstead a noih-
crn movemc[t whlch cxplatns thc croslon
north of thc Turncr Bcach grotn. Campbcll
explahed, and the hcavy accretton of sand at
thc northem end of Captira.

Turnlng to the sltuatton south of Bllnd Pass
on Santbal. Campbcll satd a butldup of sand
has occurred Itt thc vcry northern cnd of
Sanlbel's bcach, but conccdcd that hls study
showed that stgnlllcant shorcllne croslon
contlrucs ln the Clam Bayou area a blt furthcr
south on Sanlbel.

Campbell sald thls eroston on Sanlbcl ls
stdl run ng hlgh.r than thc htstorlcal aver-
agc.

CampbcU. hourcvca. vehcmcntly dcnled to
the Board that the Jetty at Blltld Pass was re-
sponslblc for thc contlrrued crcslon of Saldbel
beaches.

Campbell cxplalned that the "blg surprlsc"
hls survcy revealed about thc northcm drlft
of the Culf watcls durtng thc past "atlplcal
wi.ntcr" was proof that the grotn was not hurt-
IJtg Sanlbel bcaches bccausc thc Udc had bccn
runntng north all wtntc!.

Campbell sard hls rcsearch had cstabllshcd
thc causc of the maJor croslon 'trot spot" at thc
mtddle of thc tsland duc to a prcvlous rcvct.
mcnt buut along Captlva Drtvc to protcct thc
road from t}e cncroachlng Gulf watcrs and a
llttle-nottccd dtrcctlonal turn ln thc road
wherc the land crdends fudher lnto thc Culr.

CampbeU cstknatcd placlDg 20O.OOO cubtc
yards of sand IIll to brlng thc crodcd "hot spot"
ln llnc wlth thc rcst of thc shorcltnc and an
addcd 20 fcct as compcnsatlon would cost
about 9l m ton.

ln othe! actlon durLog thc four-hour mcct-
tng attendcd by threc of the ftve CouuDlsslon-
ers. thc Board unanhously passcd a rcsolu-
tlon. at the request of l,ec County Elccuons Of-
flce, aulhor,zlrg thc clectton of two CorDgtts-
sloners on TLesday, Novembc! 5, l99l-

The elecuoo for thc approrhatcly 5OO vot-
els on Captlva wlll bc h.ld to rul thc cxplrhg
tcrms of Eroslon Board Chatrman Stcphcn
Cutler and Cor[nlsstoncr Shc0a Hoen. " '

The non-partlsan clcctlon vlU elect Com.
mlssloners for four-year tcrms to thc posts
that rccclve no salary.

Chalrman Cutlcr sald that hc has not yct
dcclded whether to seek re-elcctlon and possl-
bly would not decldc untll near thc flltn6
deadline, Scptcmber 22. He ls servlng hls flrst
temr.

Commlssloner Hocn was abscnt from thts
wcek's meettng.

At Wednesday's meettng the Commlsslon-
ers also v,rorked on the proposcd 1992 Capuva
Eroslon Prcventlon Distrlct budgct. The tcn-
(atlve I'lnal hcarlng on the budgct ls schcdulcd
for September ll. wtth flnal adoptlon slatcd
Ior September 25 belorc thc October I start of
thc new liscal year.

. please see page 12A
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Captiva narrows Sanibel erosion solutions tr
z

Captlva's Eroslon Preventlon
Dlstrlct tcntattvcly agreed to rc-
store bctwecn l,8OO to 2.OOO feet
of Sanlbcl bcaches and posslble
lnstall duncs near Clam Bayou or
an cxpcdrnantal dewatcrlng sys-
tcm on the bcach.

Board mcmbers last week kept
two posslbllltlcs from among 15
suggcsted as part of a Bllnd and
Redftsh Pass lnlet Management
study. wlth much of the dlscus-
slon focustng on the repalr of cro-
ston along Sanlbel's north shore.

Ranourlshment. lr agreed upon.
would bc done ln conjunctlon
wlth u,ork on Capuva l€e County
plans to bulld 40O feet of tevet-
mcnt along arca roads.

Board members suggested the
rcvctmcnt proJcct bc climlratcd
from the altematlve 's agrecd
upon bccause lt ls a separate
county proJcct. but they also ques-
tloncd the croslon dlstrlct's role
ln choostng a solutlon whlch
would curtall eroslon ln Sanlbel.

'Thc bcst of thcse tilngs may
not bc what we can Justfy to our
constltuents." board membcr
Jack Zwlck sald.

Board member Shetla Hocn
suggestcd thc dtstrtct look at
what may bc vlable solu(lons
bascd on thc altematlves bcforc
them wlthout commltttng to a
spcctltc phn.

Thc ad hoc corninlttce ln chatge
of thc lrict management ls made
up of rcprcscntatlves from the
Capttva dlstrtct. the Ctty of Sanl-
bcl, Lcc County. thc State of
Florlda and west Coast Inla d
Managcment Dtstrtct and was
formcd to study the vlablltty of
sand transfer at thc tnlcts In an

ellort to creatc morc stablltty at
thc passes.

But. commlttcc membcrs soon
movcd away from the ldea of sand
transfer because o[ potenttal
pcrmlttlng problcms and envi-
lolrmental Lssues.

Thc erosion distrtct ls Just one
of the agencics whtch wtll select
from the Coastal Englnecring's
llst of altematlves.

However. Coastal Enghcerlng's
Tom Carnpbcll sald he would only
take recommendatlons from thc
ag€ncles before subrnltttng hts re-
Dort to the state.' "My recomrnendatlons may not
bc what you select." Carbpbcll
satd,

Santbel has lts own cnglncer-
t,rg flrrn.

A thfd altematlve from the 15
was suggested by Sanlbel rcsldent
Chet Sfllth tl,ho attended
WednesdaYs mcctlhg.

Smtth, a rctlred professor oI
geolog)a, satd an underwatcr
brcakwater 4OO to 50O f.et from
Sar bcl's crodlng shoreltne would
stabtllze the bcach and cause lt to
accrete whlle at the same tlrne
caushg some pass stabtllzatlon.

"I\ue been watchlng the beaches
of Sanlbel for 32 ycars," Smlth
sald. 'There arc pockets of ero-
slon. 'r lhere there are offshore
sand bars mlsslng thele ls ero-
slon."

Board members asked Camp-
beu to study thc posslblltty of a
breakurater.

Campbell ls to present the ltst
of altematlves to thc Sanlbel Clty
Councll Dcc. 3. The lilct Man-
agement PIan commtttec wlll
mect agah Dec. 4 at 2 p.m.
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Erosion solutions point to $2
By DrEar Gtodsky
StalJ Wtlcr

Englneers submltted a flnal rcport regard-
lng Santbcl's beach eroslon. prcsenttng three
optlons to allevlate the problem lncludlng ln-
stallation of a bcach dcwaterlng system, an
off-shore blcakwater or taklng no acuon at
a ll.

Taylor Englncering studicd eroslon data
fronr as far back as thc mld 1800s, c{amlnlng
changcs in the approxlmately one mile of
coaslltnc from Gulf Pines to Bowman's Beach
and detcrmlned the most serlous eroslon ls
from Lhe Tradewlnds Subdlvlston to the Culf
Shorcs.

Thc north cnd oI thc arca contains a grow-
lng. healthy bcach: thc south end is
"margl.ally stable" whlle thc centtal secuon
was class led as havlng a modemte. chronlc
problem.

Betwecn 50.0OO-55.ooo cublc yards oI sand
are lost annually along that strctch of beach,
sald Bruce Taylor, presldcn[ o[ thc enginecr-
Illg flrm.

Thc off-shore brcakwater system ls the best
optlon. accordlng to thc cnglneeHng firm and
wollld cost about $2 nrllllon to construct.
Thcrc wolrld bc llltle lo no nced for malntc-

nance barrlng the evcnt of a maJor hurricane.
Taylor told councll membels last week.

The system would be constructed of htgh-
dcnslty rock of a speclftc unlforrr ty and slze
and set at a certaln dcpth dcpending on Lhe
sLe of expected storm surgcs.

Vice Mayor Mark wcstall volccd concem
about a three [on rock ending up ln an area
liv,ng room after a nrajor storm. Thc clty
nccds to take thc propcr precauLlons for a hur-
rlcane, hc sald.

So far. 80 pcrcent of thc areas properly
owners signed a petttlon In favor of creattng
thc spcclal ta-x accordlng to Gary Price, city
manager. Councilman Jerry Mucnch sald to
do nothing would be "very unpopular witi the
resldcnts." He asked lf it was posslblc to move
the houses further from the shorc llne.

Prlce sald (here ls loom on some oI the lots
but not cvcry home could be moved. He sald if
thc clty chooses to do nothing iL would not
mean the property owncrs should ilso do
nothlng.

RcsidenLs from thc area most afectcd have
plcdgcd some $600,000 toward a bcach renour-
ishmcnt syslem deslgned by Dlck Holmbcrg.
from Mlchigan. who lnstalls concrcte, under-
\vatcrJcttys. perpcndicular to thc shore, ln an

million system
clforl [o slow wavc actlon.

The Lotat price tag for the Holrnberg system
lvould bc about $3 million for ctty's northem
coasllLoc. lncludlng the Guf Pines area.

Sanlbel's I992 budget includes somc
$300,000 as a posslble contrlbutton for some
lype of beach rcnourlshmcnL program.

Florida's Departmcnt of Natural Resources
rulcd that Captlva's Jctty cxtcnslon, com-
plclcd several ycars ago, was rcsponslblc for
about a third of Sanlbcl's eroslon. and oldered
sonle sand replacement durlng Captlva's next
scheduled renourlshment projcct.

Sanlbel appealed [he on-thlrd determina-
L,on. clalr'.lng far morc of the eroslon was
caused by the jetty, bul. a declslon as to
whether Capuva wtll sharc morc of the blame.
and provtde more of a solutlon. has yet to be
mide

Thc councllmen wlu study the report and
discuss the options, lncludlDg the creatlon of
a spcclal tanng distrlct ln thc affeclcd area to
pay for an erosion prcveotlon systcm. at the
nert council meetlng.
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Sanibel files new erosion complaint
Ey D.w! cro&ky ? =-/ a /S ^ ---Sto-[f wrller I L\ ' '/ / '

Thc clty of Sanlbel lllcd a complalnt
agalnst thc Florlda Departmcnt of Natural
Rcsourccs thls weck. clalrntng the deparlrnent
has bccn lax ln cnforchg Captlva's ltab[tty
for lts Jetty and Jetty cxtcnslon at Blltld Pass.
whlch the clty charges ls causlng eroslon on
Sadbel's northem beaches .

Thc ncw complalnt ts Just an addttional
mcans by whlch thc ctty hopcs to forcc rc-
sponslbtllty for eroslon on the Captlva Ero-
ston Preventton Dlstrict.

A lawsult has alrcady been fllcd by Sanlbel
to forcc Capuva and thc Department o[ Natu-
ral Rcsourccs to replcnlsh ctty shores ln the
wakc o[ a dcclslon las( year whtch flxed only
par al blame 6n the Blhd Pass Jetty.

That sult sternmad from a dcpartmenl de_
termlnatlon that the crosion ln Sanibcl s Gulf

Pines, CuU Shores and Chateaux Sur Mer area
was caused by three sepaiate factors: the Cap_
tlva lctty and extenslon was responslble for
one-ihtrd: troplcal storm Kelth for onc-thtrd
and the firal tilrd was caused by rock revet-
rnentsJust south o[ Bltnd Pass. Sanlbcl is ap-
peallng that declston.

Clty Manage! Oary Prlcc sald lt ts thc De-
partmcnt o[ Natural ResourccsJob to rnttlgatc
ihe damage causcd by thc groln extenslon and
'we feel the DNR plan ls lrlsumclent.'

Thc dcpartment nou, has 60 days to re-
spond. If the agency's rcsponsc ls unsatisfac'
tory to Sanlbcl. the clty can flle anolher law
suit charglig thc Departmcnt o[ Natural Rc-
sources li not cn-torchg Florida's Bcach and
Shorc Preservatlon Statutc. That would re'
quire thc state agcncy to takc actlon to miti-
gate the ellccts o[ Lhcjetty and could lnclude
its rcmoval.

The new complalnt specflcally states the
Jetty and extenston arc b'lockhg sand from
nowhg south along the coast and prevcntldg
the natuml nourlshment of Sanlbel's beachcs.

"lt ts the poltcy of thc DNR to rcquire mltF
gatton of thc li.nown adverse elfccts of coastal
structures on natural resources and adJacent
plopertles...The DNR has fatled to enlorce the
constltutlonal provlslons. statutcs. pollclcs,
rules and regulatlons lor the p.otectton of the
beaches and shores of Sanlbel." the com-
plalnt satd.

Capttva offlctals clalm the eroslon on
Sanlbel ls natural and not caused by the Jetty.

Offtcials wllh the Captlva Eroslon Preven-
tion Dlstrict are opposed to rernovlng the Jctty
because they bellevc lt could destroy Capttva's
bcaches whlch. ln addltlon to thcJctty. arc bc-

. please see page 2A

EROSION-
. from page 1A.

hg cnhanced by a $10 mlllon beach renour-
lshmcnt program.

lf croslon contliues at i.hls samc pacc, Culf
waters wlll clalrn seveml homcs ln a few ycars
and ln fact havc already destroyed sevelal
othcrs, lnclud.tng the Sanuva Cottages.

Area home owners have askcd tic Sanlbcl
Clty Councll to tnstall somc tlDc oI artnclal
dcr.lce to savc thclr homes and thc clty ls cur-
rently conslderlng lts optlons.

Erosion plan
presentation
I rr"r m"c"r"aorr ,U '/ ",r],.=.SIaIJ wr er

A $5 mUllon beach eroslon allevlatlon
plan to bcneflt ravaged northern Santbel
bcachcs ncar Bltnd Pass was unvelled
Wcdncsday nlght.

Thc multl-faceted attack on Sanlbel's ero-
slon problem \vas dtsclosed t ! a prescntatlon
to thc Captlva Eroslon Prcvcntlon Dlstrlct
mcmbcrs by thcjr cDglnce.. Tom Campbcll.

Thc 3oo-[oot boulderJctty at the south end
of Captlva at Bltnd Pass. blamcd by Sar bel
for much of lts croslon problems, would rc-
maln lntact under thc Campbell proposal.

However. a 45.OOO cubtc yard feeder beach
would bc constructed I.OOO feet nortl o[ the
letty whlch, Campbell clalmed, would ln-
crcasc and mltlgate thc sand oow aiound the
Jctty and eventually ellrnlnatc thc lctty as the
cause of any eroslon on Sanlbcl.

Car[pbcU's proposal calls for 260.000 cubic
ysrds of sand. dredgcd from Just olT-shorc. be
Pumped back onto Sanlbel beaches durhg
1993.

Anothcr dcposlt of IOO.O0O cublc yards of
sand for Sa bel would follow ln 1996 and the
proposed fecder beach would recctvc another
90.OOO cublc yards ot sand ln 1996. accordtng
to the report.

Anothcr portlon of the $5 mullon proposal
ts an 8oo-foot rcvctment along thc most
threatcned porUon of Sanlbel-CapUva Road,
lust south of thc Bltnd Pass Brtdge whcrc en-
croachlng surf and tldcs have endangercd the

lsland's maln storm evacuatlon foute.
CampbeU's plan also lncludes movlng

25.@O cublc yards of sand to form protcctlvc
dunes at Clam Bayou and Old Bltnd Pass ,
wherc boti lnlcts havc sulfared ovcr-washcs
I,r reccnt storEs and subsequent eroslon.

Campbell advlscd thc Eroslon Board oI
Commlssloners that earller plans to obtaln
the neccssary sand from Bllnd Pass for all the
rcplenlshmcnt assoclated wlth the project
had bcen abandoned because of environmen-
tal conccms. Thls sand would be obtalned by
oll-shore dredglng.

Campbeu told the board that cuEclrtly. the
Florida Department of Natural Resources es-
tlmates that the northem Sanlbel beach area
ls Ioslng 20.0OO cublc yards annually bccausc
of natural causes. and another I5,OOO annu-
ally because of ellects lrom the Captlva Jetty
and ertenslon,

Thc fhal componcnl of Campbell s rccom-
nrendcd lrnplementaLlon of the t993 Bltnd
Pass Inlet Managcmcnt Plan hcludes acqul-
sltlon of flve leal estate parcels along the
badly ercded Sanlbel coast.

Campbell, whosc frm ls Coastal Plannlng
& Engtncertng of Boca Raton, charactcrlzed
hls plan as "prelhhary." but satd elements
would bc flnalk€d Mthln thc ncxt ,ew days.

Thc Lc County Commlsslon schedulcd a
spcclal mcetlrg for 2 p.m.. Wedncsday. Apfll
15, to recelve the formal subrnlsslon oI Camp-
bell's proposal..

Campbell sald hc sought to hold thc cost of
[hc projcct to a.round $4 6tlllon. but to ad-
drcss thc conccms of both Sanlbel and Cap-
tlva, as wcll as the state, sqvcral componcnts
wclE rcqulrcd.

One dllfcrcitce whlch could lowcr thc cost ls
thc mattcr of revetmcnts along the Sanlbel-
Capuva Road, Campbcll satd.

Wh0c hc ts rccomocndlng the armorlng of
thc road bc extcndcd 8OO fcct, Lc County ls
recomrncndlig only 2rc fcct and would savc
s700.000.

In othcr mattcrs. the board approvcd a
$40,220 monltortng of Capttva's bcachcs and
an acilal survcy of croslon oo Captiva and
Sanlbel.

Thls projcct wLll get underway next week.
Campbcll cstlmated. and ls rcquLred every s,x
months undcr tcrms of thc resoulcc depart-
tuent pcrmlt for thc $lO mtulon Capuva
bcach restorauon proJect.

Alson Hagerup, adn ntstrator for the Cap-
tlva Eroslon prcvcnuon Dlstrlct. also r;-portcd to thc boa_rd that the Unlted States
Army Corps of Englneers ls suppor ng a $2mllllon fedcral rclmbursemcnl aor thc" Cap-
tlva bcach rcnoualshment proJect.



Captiva seeks to delay erosion lawsuit filed by city
Sanibel's sult ageinst jetty
erosion darnages may wait
By MlryJcsD.Dc McAEard. \{e" t
StaII wrtter //6/ ctt

Eroslon Dlsl.rlct offlclals are trylng to de-
lay a lawsult flled agalnst Captlva and the
stal.e by thc Ctty of Santbel conccrdng Sanl-
bcl's ellort to pln morc blame oo a Capttva
grolr! for curlent croslon problems.

Clty Attomcy Robert Prltt sald a lolnt mo-
tlon was flled by Nancy Stroud, atLorney for
thc Captlva Eloslon Preventlon Dlstdct. to
delay thc sult unttl the Bllnd Pass Inlet Man-
agcmcnt Study ls complcted, sometlme
around January of nerd year.

A court date has becn set for January 6 of
1992 and f the motlon ls approvcd thc sult
would bc delayed for at lcast sevcral wecks.

The Joht motlon means all parttes--Sant-
bel, the Captlva Eroslon Preventlon Dlstrlct.
and the Departmcot of Natural Resources
whlch permlttcd extenslon of thc Jctty whtch
clty omclals clalm ls causlng sevcre eroslon--
aErce to postpone Lhe court date.

htt sald the clty must notfy the Depart-
ment of Natural Rcsourc6 of lts lntent ln the
motton and that lt is up to the Departrnent to
cnforce thc terms of thc pcnnlt lt tssucd to al-
low clnstructlon of the Captlva Jctty.

State pcrmlt requlrcments contalned
r please see page 3A

Bctty Cattcll. and Nalct Moht
XcnD.dy, tbc Prr8tdcnt'r dlrcctor for tlc
Confcrcltce oa Aglng, confcr on Ssrlbcl
thls rPeck Scc thc flll story onpagc 1-B
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Sanlbel's Clty Councl amended anI
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nstallattons must comply wtth launance to allow sandb ags and other eroslon protecung nesttng turtles and otlcr w dllficontrol devlccs along Santbel,s bays and sand bags rnay not exceed two cublc fect tn stbeaches and all nauie vege tatlon dcstioycd dudnNo forms of dcvclo pment, lncludtng sandbagglng or flUtng must be replaced wtteloslon control deylces and sand bags wcre plants that ale compattble wlth thc bcacpermlt ted along the clty,s coastltne prtor to cnvlronmcnt.
the councll's ac on Tuesday

Resldcnts can f e sho rt-form appltca ons
Exposed sandbags or structurcs may be r(

and the new codes are meant to provlde trn.
talned for one year but addluonal onc -yea

medlate, albett temporary. protccuon to cxtenslons can bc obtatned from thc clt
bulldlngs threatened by eroslon managcrlfancedextsts.

StatC permtsston ls necessary bcfore ero- Requests lor longer extenslons vlll be prosion control stauctu rcs can be located seawald cessed as a long-form permlt subjcct to Planof the Coastal Cons tructton Control Llne. .. nlng Department app rovalffifrii+m*ffi
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Rc6ldcDt3 along SaDlbct,s
homcs months bcforc t rc 1f1lcT.Suf Bhorc rnstrlcd sslrd b6gr to protcct t$clr

crEy unaly Epptovcd t}lc cistcncc of erogton dcylccs.

By Slavc nu.dlgar
Itl6nda, rlall wrlt.r

Ercsion on Captiva was slow during thc pcriod of lhc
most rcccnt sir-month monitoring. consulting cnginccr
Tom Campbcll told $c Captjva Erosion District Board xr
thc group's mccting last wcdncsday, Aug. 7, at fic Cap-
dva Civic Ccntcr.

Thc avcmgc loss was 2 l/2 fcct in width whilc thc
beach acrually accrcted by 3,000 cubic yaids in rold srnd
volumc. Campbcll said. If it wcre no! for local hot spot
variadoDs, this would mcan no ncw projecl rvould bc
nccdcd untill]lc ycar 2004, C.ampbcll said, adding quickly
that lhc hot rpots mcant a projcct stilt would bc ncrdcd in
r995.

Thc hot spots arc arcal such as lhc arca in front of
Jcnscn's dBt arc continuiog to crcdc cvcn though most of
lhc rcsl of fic islard's bc..hcs havc sbbilizcd.

Carnpbcll said this past wintcr was unusual in $at tidal
curcnls werc prcdominantly from the souLh to lic no(h.
Usually in thc wintc!, thc currcnts arc norti to soudr. Thc
survcy covcrcd thc six montl pcriod through April 1991.

On nonhcm Sanibcl durinS lhat pcriod, erosion was

Captiva beach monitoring shows slight erosion
grcatcr than thc historical mlc. Horvcvcr, Campbcll said
thc groin ar lhc south cnd of Captiva could not havc had
anyding lo do with that during a pcriod of no(h nowing
d&: currcnls.

ln o$cr rction at its Wcdncsday mccting, thc CEPD
hcld a budgct workhop (scc rclatcd artjclc), passcd a rou-
linc clcclion rcsolution, hc$d tha( morc sca oaLs had bccn
plantcd, lcamcd tlut rhc Australian pinc sccdling problcm
is 8et!in8 worsc ard hc.rd that progrcss is bcing madc rc-
garding slalc and federal tundin8.

Thc resolulion providcs noricc that clcctions nccd to bc
hcld this yea, for lwo CEPD board scats on Nov. 5. Thc
scaB of Shcila Hocn and SEphcn Cuder arc up for clcc-
Lion. Cudcr hns not dccidcd whcthcr or not hc will run.
Hocn was not prcsenL at thc mccdng Wcdncsday. I! is no(
k own whcthcr or not sllc plans to run.

A lirtlc ovcr 1,000 addilional sca oaB were planrcd on
thc Captiva bc{ch on ,oly 29. Most wcrc planrcd in thc
vic;nity ofthc Crcy Hcron housc and lo thc south.

It wds rcponcr! to ric board that Scdng sratc funding for
thc inlet manaSemcnt studics was "moving niccly" and
that thc fedcral govcrnmcnt had gonc back to thc S 1.8 mil-

lion figurc on rcimburscmcnt for l}|c bcach nourishmcnt
projcct. That moncy may comc lo the CEPD in a couplc
yc{rs if t}lc funding rcqucst makcs it through lhc appropri-
ation channcls,

A writtcn proposal was prcscnlcd to thc board by
Coastrl Enginccr Consuh.anB ofNaplcs, which suggcstld
a way lo prcvcnt bcach crosion by having pipqr placrd un-
dcr thc sand rcmovc watcr from undcr thc bcach. Thc
CEPD'S consulriog cnginc4r Ton Carnpbcl told lhc board
tiis 'dcwntcring" approach was cxpcrimcnbl Hc said Fon
Picrcc \{as currcndy installing a dcwarcring projcat and hc
snggcsrcd Capriva wait unril that project hal becn operat-
ing for a couplc of ycats to sec how it wo*s thcrc.

Proposals for auditing and accountiflg serviccs for rhc
coming ycar by Andrcw A. Bamcttc ccrdficd public ac-
countans was givco to tha CEPD board. It was norcd thsr
not only was no cslimalc givcn for thc cost of scrviccs
bul that hourly ml4s wcrcnt cvcn lisred.

Thc board dccid.d to dclay signing rhc agrccmcots to
cmploy Brmcttc urltil at lcast hourly ratcs could bc dclct-
mincd. 
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I. INTRODUCTION

A. Authorization

The Captiva Erosion Prevention District (CEPD) authorized the development of an inlet
management plan by Coastal Planning and Engineering, Inc., of Boca Raton, Florida on
August 7, 1991. This study is 75Vo fuided by the State of Florida, De.partment of
Natural Resources-

B. Purpose and Goals

The inlet management plan as outlined in Section 161.161(1)0), Florida Statutes,

analyzes Blind Pass to determine if the inlet is a significant cause of beach erosion. The
plan addresses the extent to which Blind Pass causes beach erosion and provides
recommendations to mitigate the erosive impact of the inlet, including but not limited to:
inlet sediment bypass; channel dredging; jetty design; disposal of spoil material;
establishment of feeder beaches; beach restoration and beach nourishment; and innovative
methods of transferring sand or controlling erosion.

The goals for the Blind Pass Inlet Management Plan based on February 25, L992
decisions of the ad hoc committee are:

Mitigate erosion caused by the inlet.
Re-establish littoral drift to downdrift beaches that are being
affected by the existence of the inlet.
Develop a plan that interferes as little as possible with the natural
functioning of the pass.

Protect the evacuation route from stonn damage.
Control erosion north and south of the pass to protect public and
private property and infrastructure.
Accomplish goals A - E addressing long term environmental
impacts.
Accomplish goals A - F in an economically responsible manner.

Quantify the impacts that the 1972 groin built by I-ee County may
have had.

Quantify impacts that the 1988/89 Captiva beach restoration/groin
extension project may have had.

QuanFfy the effects of Clam Bayou Pass on the beach in northern
Sanibel.

Quantify the effects of structures on the beaches of Captiva and
Sanibel Island.
Develop intergovernmental programs to implement the Inlet
Management Plan.

A.
B.

C.

D.
E.

F.

G.
H.

I

J

K.

L.

COASTAL PLANNING & ENGINEERING, INC. . BOCA FIATON. SARASOTA. JACKSONVILLE

1



C. General Description

Blind Pass is bounded on the north by Captiva Island and the south by Sanibel Island and
connects Pine Island Sound to the Gulf of Mexico (Figure 1). Captiva Island is about
5 miles long, and varies in wid[r from about 200 feet near the south end to about 2000
feet between the center and north end. Sanibel Island is approximately 13 miles long and
varies in width from about 2 miles near the eastern end to about 1/2 mile at the
northwestern end. Natural ground elevations are generally under 10 feet.

The adjacent inlet to the north is Redfish Pass. To the south an inlet is intermittently
open to Clam Bayou and Old Blind Pass water bodies. At the south end of Sanibel
Island, Pine Island Sound drains directly to the Gulf through San Carlos Bay entrance.

Access to both islands is by toll bridge from the mainland. Captiva can be reached by
travelling north along Sanibel, and then across the bridge over the channel of Blind Pass.

At the present time there is no sand management program in place at Blind Pass. There
is no maintenance or periodic dredgi.ng done to address inlet shoaling or to provide inlet
sand bypassing.

D. Scope

This is a study of Blind Pass and adjacent beaches. The study includes a historicai
review of inlet changes and beach erosion and accretion pattems adjacent to the inlet.

Reference materials reviewed in this study are listed at the end of the report. A list of
aerial photographs, their dates, types and source are included. Selected photographs
were reproduced and are presented throughout the report. In addition, field
measurements of tides, currents, and shoal characteristics were performed to support
evaluation of physical proc€sses.

An evaluation is made of the impacts that the inlet has had on adjacent beaches. The
effects of structures on the beach and nourishment prcjects are determined. A study was

2
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Blind Pass is located in I-ee County on the Gulf Coast of South Florida, approximately
90 mile,s south of the entrance to Tampa Bay. The Gulf coastline consists of a series of
barrier islands broken by passes (tidal connections) separated from the mainland by
shallow tidal lagoons.

The initial phase of the study involved research and collection of available historical
photographs, survey information and existing reports. Organizations contacted for
information included the Captiva Erosion Prevention District; Department of Natural
Resources, Division of Beaches and Shores; Jacksonville District, U.S. Army Corps of
Engineers; the University of Florida Coastal Engineering Archives and the University of
South Florida, Geology Department.
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made of the hydraulics of the inlet with a focus on inlet stability and bypassing. The
hydraulic interaction of Redfish Pass and Blind Pass are discussed.

To estimate the effects of management altematives on the environment, the local biota
were examined and categorized. This compilation consisted of field inspections
augmented by maps, reports and aerial photographs. The results of this research are
presenM in Section Itr of this report; which includes a biotic community map of the
areas surrounding Blind Pass. The goal of the environmental analysis is to quantify the
impact of the inlet and potential erosion control solutions on the study area.

The end product of this report is a comprehensive inlet management plan outlining
possible physical modifications or other improvements to optimally utilize available
resources associated with Blind Pass. These alternatives are evaiuated and analyzed with
respect to feasibility, funding and benefits for the local community and the environment.

E. Public Interest and Use

Blind Pass is not an improved navigation inlet and is used sparingly by boat traffic. The
controlling depth of the inlet is below six feet (MLW) which is too shallow to be safely
navigated by large vessels. With the addition of waves, the inlet can become impassible
to all but the smallest craft. Channel constriction caused by shoaling further limis safe
navigation. Most iocal day charter fishermen and recreational crafts use Redfish Pass

to the north, to reach the Gulf of Mexico from Pine Island Sound.

Blind Pass provides tidal flushing for Pine Island Sound, although to a lesser extent than
both Redfish Pass to the north and San Carlos Pass to the southeast. The water quality
of the inland basins is dependant on this daily tidal exchange with the Gulf of Mexico.
This water circulation promotes the growth of a host of marine organisms that depend
on the estuarine waters of the sound for protection, spawning grounds and other critical
physiological factors. These organisms, in turn, support the abundant fisheries of the
Gulf of Mexico.

The inlet and adjacent beaches are frequented by locals and tourists alike for both fishing
and shell collecting. Fishes commonly caught in the vicinity of Blind Pass include

4
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An array of alternative inlet management plans were evaluated and compared. An inlet
management plan has been defined and recommended.

ImmediaGly north of Blind Pass is Turner Beach, a county maintained park. A parkiag
lot adjacent to the Blind Pass bridge provides parking for 50 vehicles. The Blind Pass
bridge provides the only vehicular access to Captiva Island. It serves as a vital link in
the evacuation route from Captiva Island. The approach roads of the bridge both north
and south have been threatened by erosion. Recent nourishment of the beach in Captiva
Island, along with a 100 foot groin (etty) extension, has provided for storm protection
of the northem approach.



snook, redfish, sea trout and tarpon. Captiva Island, Sanibel Island and Blind Pass are
popular locations for shell hunters as well, because of their unusually abundant supplies
of a wide array of shells.

Both Captiva Island and Sanibel Island were formed by deposition of material that was
moved south by wave action over the past 5000 years (Missimer). The basic island
configurations were attained approximately 1400 years BP @efore present), when
southward progradation of Sanibel effectively ended (Missimer 3).

After Captiva Pass opened 845 BP (Winton) it is likely that the island to the south (now
North Captiva and Captiva Island) eroded due to lack of fittoral material. Sanibel Island,
however, continued to build with sand that eroded from the two Captiva Islands (north
and south).

The suwey of 1859 indicates that Blind Pass was open at that time, far to the south of
the interior channel (see Figure 2). The inlet broke through the spit near the current
position by 1883, probably due to a hurricane. After 1883, this inlet feature again
migrated south in front of a prograding spit from Captiva Island.

There is conflicting information of when Redfish Pass opened. Previous reports suggest
a 1926 hurricane created Redfish Pass; local residents recall the 1921 hurricane causing
the opening. For purposes of this report we will use 1921 as the date of the opening of
Redfish Pass.

Before Redfish Pass opened (1921), Blind Pass was a more substantial idet with a larger
tidal prism. hrge quantities of sand moving south along Captiva Island would cause a

spit of sand to grow southward at the south end of the island. The spit would
periodically breach in a storm leaving an island in front of northern Sanibel Island; the
island would move to the beach by wave overwash and rollover. This episodic spit
building and attachment caused a buildup of the north end of Sanibel Island. Between
1859 and 1944 over 2000 ft. (See Figure 3) were added to the north end of Sanibel
Island Qlarvey 1979). The Blind Pass ebb shoal associated with the larger (pre-Redfish
Pass) tidal prism probably helped maintain the seaward position of the south end of
Captiva Island and the north end of Sanibel Island.

When Redfish Pass opened in the 1920's, it captured a signiflcant portion of the tidal
prism of Blind Pass making Blind Pass a smaller, more unstable inlet. The ebb shoal of
Blind Pass migrated to shore and no longer provided protection for southern Captiva and

5
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F. History of Blind Pass

Blind Pass apparently broke through the barrier island about 300 BP (Missimer 73),
although evidence of earlier breach was identified by Winton, Brooks & Degner, in their
1981 study. Winton's study suggests the original Blind Pass opened as early as 995 BP-
655 BP.
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northern Sanibel. The inlet cross section decreased (due to shoaling), to the point of
complete closure of the channel.

A new inlet opened again, possibly during the hurricane of 1941, and the isolated sand

extension attached itself to Sanibel Island. This cycle was repeated again between 1941

and 1969, when Hurricane Donna opened the pass. In 1961, this gap closed and Blind
Pass opened further to the south (see Figure a). By 1964, the spit had once again
migrated to the south and closed the pass (see Photo 1). The pass was not reopened
again until 1972 following Hurricane Agnes (See Photo 2).

The pass was closed again between 1975 and 1980. Photo 3 shows the pass before
closure in 1975, and Photo 4 shows Blind Pass closed with Old Blind Pass to the south
open. The Pass was reopened in its present position by a subtropical storm in June of
1982. Photo 5 shows the pass in 1985, and Photo 6 shows that both Clam Bayou and
Blind Pass were open in 1987. (A summary of openings and closings of Blind Pass is
included in Table 14, Hydraulic Analysis section of this report.)

Clam PasVOld Blind Pass has intermittently opened and closed over the past 20 years.
A review of available aerials shows the instability of this area as documented in Table 1 .

The I-ee County Department of Transportation maintains the Blind Pass bridge and the
Tumer Park jetty. Excepting this service, no maintenance of the inlet is provided by
Federal or local agencies. Blind Pass has never been dredged.

G. Significant Storm Events

Hurricanes have had a major effect on the Lee County coastal area. Between 1830 and
1969,46 hurricanes and tropical storms have passed within 50 miles of the I-ee County
coast, according to the De.partment of the Army (1969). Between 1969 and 1988, a
minimum of 6 additional hurricanes and tropical storms in the eastern Gulf of Mexico
generated winds and waves that affected the I-ee County coast (I-ee County, 1988).
Maps of hurricane tracls indicate that most storms entering the Gulf of Mexico pass to
the north and northwest; and as such, the west-central Florida coast has not been entirely
dominated by hurricanes and large storms. Table 2 lists hurricanes and major storms
affecting the Captiva Island area.
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In 1972 a terminal groin was installed by l-ee County on the north side of the pass, to
protect the bridge by stabilizing the beach to the north at Turner Beach Park.

In October and November of 1988, the terminal groin on the north side of the pass was
extended 100 feet, to stabilize the beach nourishment material which was placed along
the entire length of the Gulf side of Captiva between August 1988 and April 1989.
Photo 7 was taken in January 1992 nd shows present-day conditions at Blind Pass.



FIGURE 4

BLIND PASS HISTORICAL LOCATION MAP
9

Ru5

a

LEGEND

ro5

I99O BLIND PASS

1960 ELIND PASSI
r94I BLIN D PASS

1944 BLIND PASS

I989 PASS

1859 BLIND PASS

t96 t M.H.W
SHORELINE

'A

\ 1928 BLIND PASS

t989 M. H.W.
SHORELINE +/

,|(
1+o

RI?
.:A

t988 M.H.W
SHORELIN E

t96r BLrN0 PASS
6 Rtzz

COASTAL PLANNING & ENGINEERING. INC. . BOCA RATON. SAR,A,SOTA. JACKSONVILLE

I989 SHORELINE ( CPE SURVEY)
I988 SHORELINE ( ONR AERIALS )

:ir-:-!:-r::-,-= 196l SHORELINE ( NOS SURVEY)

I958 BLIND PASS



l]-1tnNos>cvn. vlosvavs. Nolva v30a, cNt 'eNrufSNteNS ? 9NtNNy]d ]vasvoc

OI

uado
uado

pasolc
pasoIS
pesoIS

uedo
pasolS
p6solJ

uado
uado
udo
udo
uado
udo

pesolc
posoIS
udo
uedo
uedo

Pesolc
pasolc

I66I
I66I
066r
066r
066r
686r
686r
886I
,86r
986I
986r
986r
986I
986r
986r
086r
sL6t
tL6t
u61
0L6t
9961

requ?ceo
T.udv

rsqur4das
,(eW

frzruqag
raqol.o

Ludv
lsnBny
frenuel

J.que^oN
.requralda5

frmuul
requeAoN

lsnBny
,(ey{

Iequ?€o
qJrel^l

{renrqeg
,(InI

&unue1
{run:qag

ffi

sqdzrSoloq4 IBITaV uorg
ssed UrEIJ Jo snlsls

I EIWI



Photo No. I

February 1970
Blind Pass closed.
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lune 1972
Immediately following Hurricane Agnes
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Photo No. 3
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Photo No. 4

November 1978

Blind Pass closed, Old Blind Pass open'

COASTAL PLANNING & ENGINEERING, INC. ' BOCA RATON ' SAFIASOTA ' JACKSONVILLE

\

I

-\

14

t

)

.;I

t.

,.\.

"l

n
.l
,!'

/

\
\-t

+

it
i
i.

/,

J.^ '\

i*1

I

i

:
I
I

i

t

E

/

,t

i f\.

{

I

L

't

7)

(

-tt

t

l.
a

/

/

-/

I

B'

q...

\

. -}';

,I

\



31]lnNOS)OVl" VIOSVHVS ' NO'IVA VSOB ' 3Nl '9NlE|33NlgN:l ? CNINN\,rId -IVI-SVOC

s1

)

'286I ul ?mrador ragy
sg6l ,(BI I

g .oN otoqd

f\\

'1r* ,
'd

II
\

I

f,

a.

7

-. '' tEJ

\t
F

a

\
)'

(

\

l

tI

a
,

,..

I

.r. 
,

/u'!'
)

*
,i'1,
' ltl r. {
tr 'l

(s
, lrl

/
!

a

'l'

\

{..4

..., ,t
l:a,'

\
-!I

t /\

a

7
\.

r / \ar,

/./

7)

4',i



Photo No. 6

January 1987
Blind Pass and Clam Bayou open.
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Photo No. 7

January 1992

Blind Pass present{ay conditions.
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SIGNIFICANT STORM EVENTS
1873 - 1991
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t873 Oct. 5-7

Oct.2l-22

1882 Oct.9-11

1891 Aug.24

1896 Oct. 8

1910 Oct. 17-18

t92l Oct. 25

1926 Sept. 18-20 NW Florida

1928 Sept. 16-17

Sept. 2-4

Oct. 20

Punta Rassa

SE coast

Near Cross City

SE coast

Ft. Myers

Entire peninsula

West-c€ntral coast

Entire peninsula

Keys, Taylor Co.

Cedar Keys

Peninsula

Major

Minimal

Minimai

Minor

Minimal

Major

Major

Extreme

Extreme

Extreme

Minor

Punta Rassa destroyed, tide 14 feet

30 killed, damage $365,000

6 killed, damage $1,000,000; local residents

believe this storm opened Redfish Pass.

Miami bar. 27.61 in.; wind 138 mph; Previous
reports suggest this storm opened Redfish Pass.

1836 killed, damage $25,000,000

Keys bar. 26.35 in.; wind 200* mph

10-15 in. rain

18 killed, damage $60,000,000

1935

194l

1944 Oct. 18-19 Major
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Table 2

SIGMFICANT STORM EVENTS
1873 - 1991
(Continued)
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1947
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1960

1964
(Cleo)

Oct. 7-8

Sept. 17-18

Au,g.26-27

Sept. 3-5
(Easy)

Oct.2

Sept. 10-12

@onna)

Sept. 7-9
(Betsy)

Oct. 9 SW Florida

West coast

South Florida

South Florida

SW Florida

SW coast

South Florida

Minimai

Extreme

Extreme

Major

Minor

Minor

Major

Tides high, damage $5,200,000

Pompano bar.27.9'l in.; wind 155 mph

2 killed, damage $45,000,000

Category 4 hurricane. Winds to
125 mph. Cedar Key bar. 28.30 in.

Strong cold front. Heavy NW winds. Damage

$2,ooo,ooo

Okeechobee City bar. 29. 15 in.

Cape Verde hurricane; bar. 27.52.
Winds to 140 mph. Opened Blind Pass to Gulf.

65

Meandered 2 weeks in S. Atlantic
before entering Bahamas. A category 3 storm
with winds of 130 mph, passed south of Captiva
27.49"

Aug.27-28 SE Florida Minor Hurricane lost much strength before
impacting SE coast of Florida. Winds reported to

mph on Gulf coast.

South Florida Minor
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Table 2

SIGMFICANT STORM EVENTS
1873 - 1991
(Continued)
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1966

1968

t972

t982

1985

i985

1988

June 8-9
(Alma)

Oct. 18-20
(Gladys)

I:ull.e 5-22
(Agnes)

Nov. 10-11

No Name Storm

Sept. 1-2
(Elena)

Oct. 26 - Nov. 1

(Juan)

Nov. 21-23
(Keith)

W. Florida from
Key West to Panama City

Major Early season storm. Wind 1 15

mph; Bar. 28.76 in.

8ar.28.52 in; wind : 80 mph

Blind Pass broke through, just south of Turner
Park groin.

Strong Northeaster caused accelerated beach
erosion on Gulf Coast.

Tampa. bar. 28.67 in. Winds to
125 mph. Caused road damage in Captiva.

Winds 86 mph when it struck LA coast, travelling
north from center of Gulf. Caused road damage
in Captiva.

Hurricane downgraded to tropical
storm before striking Gulf Coast. Central bar.
29.38 in. Winds to 60 mph.

South Florida

SW Florida

SW Florida

SW Florida

Gulf

SW Florida

Minor

Major

Minor

Major

Major

Minor
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II. PHYSICALINLETCHARACTERISTICS

A. General

Blind Pass is the result of the influence of many complex and interrelated natural factors.
Human intervention has also played a part in the present condition and state of the in1et.
This section will outline and discuss the factors influencing the inlet.

The most prevalent natural influence on the inlet is wave action. Through continuous
exposure to the local wave climate, large scale sediment movement has altered the
features of both Blind Pass and the adjacent islands. Wind is the primary driving force
behind these waves (see Section tr. H - Wind and Wave Climate).

Tides are also capable of molding the bathymetric features, and to a lesser extent, the
features of the shoreline. Tidal currents if of sufficient magnitude will scour the sea bed.
If this scouring occurs close to the shoreline, the land features may also be affected.

B. Inlet Influence

Based upon analysis which is summarized below, Blind Pass's influence is felt
approximately 2 miles either side of the inlet.

Before Redfish Pass opened (1921), sand bypassed Blind Pass along a well developed ebb
shoal. The large ebb shoal of Blind Pass provided protection for beaches in South
Captiva Island and northern Sanibel Island and allowed them to maintain a position
seaward of the adjacent beaches.

After l92l , Redfish Pass captured most of the tidal prism of Blind Pass. Since the ebb
shoal of an inlet is proportional to its tidal prism, the ebb shoal of Blind Pass started to
migrate to shore after 1921.

The northern mile of Sanibel originally benefitted from the shoal sand by building up
742,W cubic yards between 1941 and 1955. After 1955, however, the north mile has
shown steady erosion, losing 703,000 cubic yards from 1955-1974 and losing another
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These currents cause sand to accumulate irregularly, forming shoals both within the inlet
and in the nearshore regions. These shoals, called the flood shoal and ebb shoal because
of the direction of the current that forms them, alter the prevailing longshore transport
of sediment on the beach. If this sediment flow is interrupM or dtered, the shoreline
will show accretional and erosional pattems over time.

The shoreward migration of the Blind Pass ebb shoal created a strong accretional trend
in the northern 4 miles of Sanibel Island, where almost 2.3 million cubic yards has built
up from 194l-1988.



518,000 cubic yards between 1974 urd 1988. The average shoreline retreat rate during
the later period was 13.3 fetlyar in the northern mile of Sanibel @NR permi$.

The cause of the high erosion rate in the north mile of Sanibel is related to three factors:

The sand migration rate from the shoal to the shore
decreased as the shoal reduced in size.

The average annual erosion rate of Captiva Island reduced from 67,000 c.y./yr. in 1955-
1974 to 42,0ffi c.y./f. in 1974-1988. The groin built by l:e County has caused 15,000
c.y./yr. of the erosion in northern Sanibel. For the time period of 1972-1992, this would
lotal 300,000 cubic yards of sand.

In 1988-89 a beach nourishment project was constructed on Captiva Island and the groin
at Blird Pass was extended 100 feet. Subsequent to construction of that project;

Captiva beaches have eroded at an average annual rate of
47 ,0N c.y .lyr. (This is faster than the previous time
period.)

Northern Sanibel (first mile) has eroded at 33,000 c.y./yr.
(Ihis is slower than the previous time period.)

An ebb shoal has built up with 80,000 cubic yards of sand.

Tropical Storm Keith has caused significant overwash and
lowering of the beach fronting Clam Bayou and Old Blind
Pass. The beaches in northern Sanibel are losing less sand
but retreating faster after the 1988/89 Captiva beach
proj ect.

a

b

c

d

e

22

COASTAL PLANNING & ENGINEEFIING, INC. . BOCA FIATON . SAFIASOTA. JACKSONVILLE

The loss of the ebb shoal reduced the protection from wave
action on northern Sanibel that had previously enabled this
first mile of Sanibel to maintain a seaward position relative
to the adjacent shore.

Sand quantities coming from Captiva Island reduced as a
result of sand depletion and coastal structures built on
Captiva Island. These structures included a groin built by
I-ee County at Blind Pass in 1972 to protect the north
approach road to the Blind Pass bridge.

Northern Sanibel beaches have retreaM at 20 ft./yr. (This
is faster than the previous time period.)

I

)

3.



The ebb shoal has created a littoral drift reversal or nodal point in the area
where the island is backed by water. Tropical Storm Keith overwashed
and lowered the elevations of the water backed segments allowing for
continued overwash ud rapid retreat of these segments.

The groin extension of 1988 may have contributed to the higher than average retreat rate
of northern Sanibel. Other factors have also contributed to the erosion. As a
conservative approach, an amount of sand has been identified to mitigate for the high
retreat rates.

To mitigate for the excess retreat of beach experienced from April 1989 through 1992,
an amount of 32,000 cubic yards would be needed. This considers that most of the
erosion has been of the dry beach and assumes that each foot of excess shoreline retreat
(along the 6300 foot shore) would equal 1450 cubic yards of sand (0.23 c.y./ft. - see

Appendix C).

C. Shoreline and Volume Changes

Ilistorical shoreline and volume changes reflect the overall forces and processes acting
on the shoreline. However, the two types of data differ in terms of their reliability,
accuracy and significance on coastal processes.

Beach cross-sections measure the change in the entire profile and directly represent
volume changes. Offshore measurement accuracy can affect volume estimates. Cross-
sections are less dependent on the profile shape than volume estimates based on shoreline
position. The profile does not have to remain in equilibrium to develop an accumte
volume measurement. However, offshore profile data can be a source of error.
Offshore profi.les are me^qured by a fathometer and adjusted for tide. These proflles are
less accurate than the onshore measurements and small differences can result in large
volumetric change estimates. Longer term comparisons are bett€r indicators of volume
change rates, as errors in the offshore record can be less significant when compared to

COASTAL PLANNING & ENGINEEFIING, INC. . BOCA FIATON. SABASOTA. JACKSONVILLE

One disadvantage in using shoreline positions is that they change seasonally due to profile
flattening and steepening which usually occur in winter and summer months,
respectively. Shoreline changes may occur without a corresponding change in profile
volume. A second disadvantage is that a small datum error (reference elevation) can
yield significant error in the position of the mean high water line.

In the short term, careful and tightly controlled measurements of volumetric prof e

changes are necesli:rqr since shoreline changes can occur simply due to seasonal or
unusual storm effects. If data are available over a long period, shoreline changes will
usually be reasonably representative of volumetric changes and may be more accurate
than profile comparisons when the offshore portions of the profiIes show divergence and
signifrcant closure error.

/.3



larger long term changes. Also, long term comparisons avoid cumulative errors that can

occur when comparing sequential surveys.

Considering the merits of shoreline and profile surveys, the best understanding of
shoreline processes or impacts will usually be provided by an analysis which includes
consideration of both shoreline and volume changes, with careful scrutiny of the data for
indications of accuracy and consistency. In the following sections, analyses are presented

for both shoreline and volumetric historical changes in the Captiva-Sanibel vicinity with
special emphasis in the Blind Pass area. The long term results will fust be presented

followed by an analysis for the period 1988 to the time of the most r@ent available data.

I. Long Term Historical Data

a. Shoreline Changes

The Division of Beaches and Shores @BS) of the Florida Department of Natural
Resources (FDNR) maintains an excellent shoreline position data base of the
sandy shorelines of the State of Florida. For Captiva Island, data are available
for 1859, 1941, 1951, 1956, 1961, 1972, 1914, 1979, 1985, 1988, 1989, 1990,

and 1991. For Sanibel Island, data are available for 1859, 1941, 1951, 1956,
1961,1972, 1974, 1979,1985, 1988, 1989, 1990, and 1991.

For each of the times for which data are available, the shoreline changes at each
monument were calculated relative to the initial survey. These were then
summed over approximately one-mile intervals, weighting each change by the
appropriate alongshore spacing of the monuments at which the data are available.
These results are shown in Figures 5 and 6 for Captiva and Sanibel, respectively,
and are discussed in the following paragraphs.

b. Captiva Island Shoreline Chanees

The total length of Captiva Island is 26,169 ft. or 4.96 miles. Therefore, Captiva
Island was divided into five equal segments of 5233.8 ft. each. Referring to
Figure 5, it is seen that the northerly two segments (mile I and 2) have
experienced general retreat over the period of record. This is undoubtedly due
to the opening of Redfish Pass in 1921. The shorelines represented by Miles 3

and 4 advanced until 1951, then experienced general retreat. The southerly mile
(Mile 5) has generally retreated over the period of record with increased recession
rates commencing in 1951 and 1972. The effects of the beach nourishment
projects conducted in 1981 and 1988-1989 are evident in Figure 5.
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Sanibel Island Shoreline Changes

The data analyzed on Sanibel extended from DNR monument R-110 immediately
south of Blind Pass to monument R-130. The overall length represented by these
monuments is 21,062 ft. or 3.99 miles. Thus, this area was divided into four
equal segments, each 5265.5 feet in length. The changes in average shoreline
positions for each of these four segments has been shown in Figure 6. The
northerly mile experienced retreat from 1859 to 1941, then stability and/or
advancement from l94l !o 1951. A moderate retreat rate during the 1950's and

1960's was followed by a steady recession atter 1972. Miles 2 and 3 show
general accretion over the period of record whereas Mile 4 has been generally
stable.

d. Calrtiva Island Volume Changes

Volumetric changes on Captiva Island were estimated based on the historical
record of shoreline changes and profiles. Shoreline change was used through
1985 to determine volume changes; after 1985 profile comparisons were used.

A review of 1974 DNR profi.les showed them not to be usable for voiume
estimates (see Appendix C) because of offshore closure errors on Captiva Island
and the limited number of long lines on Sanibel Island.

Shorelines can be converted !o volume changes using conversion factors that are

based on total depth of change. This conversion technique is a standard coastal

engineering practice. In Captiva Island, the active profi.le is assumed to extend
from the *6 foot contour on the beach to the -12 foot contour offshore. This
would suggest a conversion factor of 0.67 c.y./ft. (18 ft. + 2'7 c.y.ift.3 x 1 ft.).
For each foot of advance or retreat of the shoreline, the beach gains or loses 0.67
c.y. This conversion a.sisumes that a prof e maintains the same shape, but
translates uniformly in retreat or advance. This is a good assumption for long
term comparisons, but is less accurate on short term comparisons.

To minimize error in the profile comparisons, long term comparisons were
chosen from the data sets that demonstrate good offshore closure. The volume
change above the 12 ft. contour was reported as the volume change. The change
between the 12 ft. and 18 ft. contour was noted as a measure of offshore closure.
The closer the volume change (12' to 18' contour) was to zero, the smaller the
closure error-

An exception to this approach was made in the August 1988 - December 1991

comparison where volume changes between the 12 foot and 18 foot contour were
included. Investigations show that the widened beach (1988/89) would have
moved some material beyond the 12 foot contour that should be accounted for.
To address offshore closure and to be conservative in the calculation of volumes

26

COASTAL PLANNING & ENGINEERING, INC. . BOCA FIATON . SABASOTA. JACKSONVILLE



)

3000

2000

0

-t ooo

-2000

L

I

I

L

I

I

I

I

J
I

)
I
I

J
)
I

I

I

J

I
I

L
I

J
I

I
I

I
I

I

J.
I

I

I

I

(.)

a
5a
o
ii
E
g

Lr-

c
o
E
iu
(J
o
o_
-oo
o
€(,
o

-.Eu|

_t I 1_

L---..i'r-

-*-!
I

I
I

I

I+
-t

7

L
rr\g -

)
I

I

.l
I
I

I

| .-'

I

./<
I

I
t_

t_
I

l-
l-

-i-nrC-3

lslond
One-Mile

-r----____L
Mite 4 ;

--- --tr*---.---------.-*
NJ
! I

I
I

J

No.t
-t-

Itile (tt/e 1)

J L -I

1990 'to-309 01 70 1890 1910 1930 't950

Yeo r

Shoreline Positions on Sonibel
Averoged Over Approximotely
lntervols.

I

Figure 6 .

SOURCE: DR. ROAEBT DEA I

))

i
I

I

I
I
I
I

I
I

I

I

I

I

I

I
I

I

I
I

I
I
I
I

I
I
I
a

I
I

tt
tt
ll

-a* *'1

1000

_t

t_
I

I

I

I

L

+-

_t

-tJ
I

I
I
!



beyond the 12 foot contour, each plotted profile was analyzed and a closure
correction was computed if the comparison showed significant divergence on the
seaward end of the profile (see Appendix C). The results of this evaluation are
shown in Table 4.

Volume changes on Captiva Island were computed for three time periods using
shoreline changes. Table 3 presents the results of this analysis from 1941 through
1985. The time periods were selected because the data appeared to be well
behaved. The selected time periods show a continued erosion trend for Captiva
Island consistent with the long term record. Selection of other time periods
would have suggested periods of accrction on Captiva Island which would be
anomalous behavior for the island.

There is some uncertainty in the selection of time frames. The data when taken
in the aggregate do not clearly indicate selection of certain time frames. For that
reason, we have included a 1941-1985 comparison in Table 3.

Table 3

Annual Volume Change Rat€s
Captiva Island

Based on Shoreline Changes 1941-1985
(cubic yards x 1000/yr.)

Based on a Conversion Factor of 0.67 c.y./ft.

Reach 1941-55 1955-74 4174 - 4185 1941-85

Miie 1

Mile 2
Mile 3

Mile 4
Mile 5

-73
-61
-t7
-5
-9

-165

-14
-24

.7

-5
-r7
-67

+5{,
-17*
-3
-9

:5
-30

-28*
-34*

-9
-6

-12
-89

After 1985, the beaches of Captiva and northem Sanibel were monitored
twice,/year. An analysis of the data sets showed good offshore closure between
September 1985 and August 1988 profiles with less than 3Vo chaage in volume
from the 12 ft. to the 18 ft. depth contours (when compared to the total volume
change above the 12' depth contour). The erosion rate of Captiva Island between
1985 and 1988 was 85,000 cubic yards/year, as shown on Table 4.
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* Beach nourishment volumes have been deducted from these numbers.



Table 4

Captiva Island Volume Change Rates
Based on Beach Frofile Comparisons

(In Thousands of Cubic Yards)

Mile

Sept. '85 - Aug. '88
(Above 12' Contour)
Total [11rral

Aug. '88 - Dec. '91
(Above 18' Contour)

Aug. '88 - Dec. '91
Net Erosion

Placed
Volume

1

')

3

4
5

-63
-79
46
-61
-8

-256

+122
+263
+327
+454
+272

+ 1,438

+113
+392
+384
+34
+362
1,593

+9
-t29
-57

+112
-90

-155

-21
-26
-15

-20
-?

-85

Mile I
Mtle2
Mile 3
Mile 4
Mile 5
Total

-1

-19
-6

-ll

42

The period 1974 through 1988 is an important pre-construction time period for
later analysis. The following volumetric composite was generaM for the'74 -
'88 time period using both shoreline and profile data (Table 5). From 1974
through 1988 Captiva Island eroded at 42,000 cubic yardVyear.

Table 5

Composite Based on Shoreline Changes and
Profile Comparisons

Captiva Island Volume Change Rate
(In Thousands of c.y./yr.)

4174 - 8/88
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Mile I
Mile 2
Mile 3
Mile 4
Mile 5
Total

Table 6

Annual Erosion Rate
(fhousands of Cubic YardVYear)

Aug. '88 - Dec. '91
(Above the 18' Contour)

The next profile comparison chosen was August '88 through December '91

fiable 6). This comparison shows less than a5Vo change between the 12 ft. and
18 ft. depth @ntour, an indication of good offshore closure. The volume change
above the l8 ft. contour was a gain of 1,438,000 cubic yards and reflects the
beach nourishment construction of 88/89. When placed volumes are deducted
from measured quantities, a total erosion of 156,000 cubic yards is estimated over
the 3.3 year period, or 47,N0 c.y.lyr.

e. Volume Chanses in Northem Sanibei

Volume changes on the northern 4 miles of Sanibel Island were estimated from
1941 through 1985 using shoreline changes. The conversion factor used varied
with the amount of island rollover/overwash estimated.

On Sanibel Island, segments of the shoreline are backed by water. When these
segments retreat, the upper portion rolls over into the bay and does not erode.
Over short time periods the rollover can sruse shoreline retreat with little or no
volumetric loss. Over the long tenn, however, the profile will evolve to an
equilibrium cross-section. For rollover segments the volume conversion is
smaller (0.33 c.y.lft.) than for non-rollover segments. To establish the amount
of overwash shoreline in each mile of northern Sanibel, inland water bodies were
measured and compared to land areas. The conversion factors for each mile are
shown in Table 7. Table 7 shows computed conversion factors for miles I
through 4 based on land and water areas. The Mile 4 conversion factor is
assumed to be 0.67 c.y./ft.
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The cumulative volume change for Captiva Island is Shown in Figure 9.

+3
-39
-17

+34
-a
-47



Table 7

Conversion Factor for Volume Changes
in Northern Sanibel From 1941-1985

% Water
r0.33) L 6Tt Factor

% I.ar,d Conversion
%w ter % | and.

Mile 1

Mtle2
Mile 3
Mile 4

52
67
93

100

0.16
0.11
0.02
0.00

0.51
0.56
0.65
0.67

48
33
7
0

Table 8 shows the volumetric changes in northern Sanibel based on shoreline
changes. The north mile erosion rate changed from a strong accretion of53,000
c.y.iyr during the 1940's and '50's to an erosion of 34,000 c.y./yr in the late
1970's and early '80's.

Table 8

Reach 1941- 1955 195 974-l9855- 19 1

Mile I
Mile 2
Mile 3

Mile 4

+53
+16
-29

+39

-J I
+50
+50

-4

-34
N/A
N/A
N/A

Since 1985, profiles have been measured twice/year along the fust mile of
Sanibel Island. Aug. '85 through Aug. '88 and Aug. '88 through Dec. '91 have
been compared to ana7yrc volumetric changes (Iable 9). Both of these
comparisons show good offshore closure in Sanibel.

To account for sand stored in the ebb shoal of Blind Pass (a sediment sink) the
offshore changes of the fust 1200 feet of beach have been subtracted from the
direct profi.le comparison. This assures that any loss of sand to the ebb shoal will
not be counted as an increase of sand to the beach system.
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0.35
0.45
0.62
1.00

Annual Volume Change Rates
Sanibel Island

Based on Shoreline Changes 1941-1985
(In Thousands of Cubic Yards)



To account for volumes of sand that moved into Clam Pass Bayou that were not
computed by direct profile comparison, estimates have been made of those
quantities. Overwash and shoreline retreat in the vicinity of R112.5 and R114
has extended landward of the 1985 and 1988 survey limits (see Figures 7 and 8).
Sand has moved into Clam Bayou that was not dtectly accounted for by direct
profile comparison. These volumes have been estimated by extending historical
profiles landward using aerials to identify land/water areas and assuming the
depth in Clam Pass Bayou to be -3 NGVD. The area between the measured
profile and the estimated historic profile was computed. Volume estimates were
developed by multiplying by the effective distance of observed overwash. These

calculations are shown on Figures 7 and 8.

To address this concern a review of 1985 and 1987 aerials was made. These

aerials did not show evidence of overwash during that time period. This would
appear to support the lower overwash estimate in Table 9 for the 1985-88 time
period. Based on this analysis, we have held this estimate at the computed value.

Table 9 shows the measured volume and the net changes that have occurred from
1985 through 1991.

Table 9

Volume Changes on the Northern One Mile of Sanibel
Based on Profrle Surveys

8/85 - 8/88 8t88 - t2t9t

A - Measured Volumes
B - Shoal Change
C - Overwash Not in "A"

-148,053
4,897
+3.100*

-140,056 c.y.

-100,738
+53,42
+46.il8

-101 ,132 c.y.

Annual Change -46,685 c.y./yr. -33,172 c.y./yr.

*May be a low estimate based on limited profrle information in Clam Bayou area.
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These results introduce some uncertainty into the analysis. The amount of
unmeasured overwash from 1985-88 was computed to be an order of magnitude
less than the 1988-91 time period. From 1984-1988, the area was affected by
Hurricane Elena, Tropical Storm luan and Hurricane Kate. The island retreated
by 59 feet. These storms probably overwashed the island and pushed sand into
Clam Bayou and Old Blind Pass. However, no survey cross-section existed in
front of Clam Bayou in 1985. It is likely that the estimates for unmeasured
overwash are low, based on this analysis.
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Mile I
Mile 2
Mile 3
Mile 4

471
+132
+3d
+42

-333

+21
-234

+455

Table 10

Volume Change Northern Sanibel From 1974-1991
Based on Shorelines and Profile Surveys

(In Thousands of c.y./yr.)

t974-t988 Aup- '88 - Dec- '91

' Based on profiles and shorelines composiG2 Based on shorelines3 Based on profiles from Table 9n Based on '89-'91 shorelines5 Based on '89-'90 shorelines

Table l0 shows the composite volumetric change estimates in northem Sanibel
from 1974 through 1991. Since August of 1988 the northem one mile has eroded
at 33,000 c.y./yr. or abo,tt 9% slower than the erosion rate of the previous
priod.

The cumulative volume changes in the northem one mile of Sanibel are shown
on Figure 9.

Analysis of Recent Data

Sanibel Island Shoreline Changes

Data available from August 1988 to December 1991 extend from DNR monument
R-110 located immediately south of Blind Pass to R-116 located approximately
6314.6 ft. south of Blind Pass. The analysis method consisted of weighting the
shoreline positions by shoreline distances appropriate to the spacing of the
adjacent monuments. The results are presented in Figure 10 and the
interpretation is discussed in the following pages.
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Prior to the 1988i89 nourishment project on Captiva Island, a retreat rate for
shoreline positions along northem Sanibel Island was established by the DNR.
The weighted average retreat nrte was 13.3 ft./yr. (I-eadon, Conference Report,
DNR, DBS 86-182 permit).
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Using the adopted pre-groin extension erosion rate of 13.3 fl.lyr., the projected
shoreline position in December 1991 would have been at station 34.1 ft. versus
a measured avenge station of 14.6 ft. This represents an excess recession of
19.5 ft., which over the 2.63 year period averages to an excess recession rate of
7.4 ft.lyr. The 1988/89 Captiva beach restoration and groin extension may be
part of the cause for the excess recession.

Figure 11 presents a comparison of the average mean high water change and the
DNR rate in three segments on Sanibel Island since completion of the fill project.
In the northem segment between R1l0 and R112, erosion has been slower than
the DNR rate. The middle segment between 112.5 and R114 eroded at a much
higher rate. However, the high shoreline retreat rates in this segment may be
caused by overwash rather than impacts caused by construction of the terminal
groin. The southern segment between R115 and R116 has also eroded slower
than the DNR rate. This segment has experienced shoreline advance since
completion of the beach fill.

Figure 12 presents the comparative rates of shoreline retreat from August 1988
through December 1991. An analysis of this data in Appendix C suggests that
overwash and rollover was the major €use of erosion during this time period.

b. Sanibel Island Volume Changes

The erosion rate of northem Sanibel (6300 ft.) has averaged 37,000 c.y./yr. from
April 1974 through August 1988. In the time period from August 1988 through
December 1991, the erosion rate was only 33,000 c.y./yr. This represents a
reduction of 7l% over the previous time period. This reduction in erosion rate
could represent a positive impact from the 1988/89 Captiva Island Beach
Nourishment/Groin Extension Project.

D. Inlet Bathymetry

The present bathymetry of Blind Pass reflects the historical trends observed since the
mid-1800's. As noted earlier, the inlet has shifted considerably in the last 150 years (see
Figure 2). This migration has affected the current configuration and bathymetry of the
nearshore regions.

38

COASTAL PLANNING & ENGINEERTNG, INC.. BOCA FIATON. SAFIASOTA. JACKSONVILLE

Tropical Storm Keith occurred in November 1988 and has caused some difficulty
in interpretation. It appears that Keith caused some irreversible shoreline retreat
through overwash and possibly anomalous longshore sediment transport. Figure
10 shows the shoreline retreat in northern Sanibel compared to the DNR rates.
This includes the effects of Keith. However, referring to Figure 11, it is clear
that as of the April 1989 survey, significant shoreline recovery following Keith
has occurred,
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Based on bathymetric survey comparison of 1960 and 1989 data, t}re flood shoal appears
to be impounding approximately 2200 cubic yards/year from the littoml system. This
value is reached by averaging a 61,800 cy volume change over 28 years. These two
suweys were digitized and the volume comparison was completed using both a
Trapezoidal Rule and a Simpson's Rule approximation. A iopographic plot of the 1989
survey and the 196G1989 contour change chart are presented in Figures 13 and 14.

A significant ebb shoal apparently exists at Blind Pass, but not offshore of the current
inlet position. The shoal, an area of approrjmately 6000' x 1000' exhibits a pattern of
conlours 1000 feet offshore that appears !o be the remnant of a previous ebb shoal. A
topographic plot (Figurc 15) of the nearshore region depicts this shoal. Volume
calculations yield a quantity of approximately 890,000 cy that may be a viable borrow
source in the future.

The inlet channel at the Department of Transportation bridge connecting Sanibel and
Captiva Island has shoaled considerably as a natural response to hydraulic forces (see

Section tr. G. - Stability and Hydraulic Characteristics). The channel shoals shift
position regularly providing considerable hazards to vessel navigation.

The groin on Captiva Island borders the inlet channel. This is the only consistent feature
of the inlet. Because of the existence of the groin, currcnt scouring of the seabed occurs,
holding the deepest part of the channel to the north side of the inlet.

E. Littoral Budget Analysis

The littoral budget is a balance of sand movement during specific time periods over
discrete segments of coast. It is generally accepted that the net littoral drift is south on
Captiva and Sanibel Islands as is evidenced by the creation of Captiva and Sanibel Islands
through southerly sand migration over the past 5000 years Mssimer). The erosion
response of Captiva Island to the opening of Redfish Pass is further indication of a strong
net south drift.

The southern boundary of the littoral budget is the south end of Sanibel Island where net
littoral drift is assumed to be zero. No assumptions are made concerning sand movement
at the northern boundary except as indicated.

The shoreline evolution along the southem 8 miles of Sanibel Island provides imporant
information on the rate of sand movement from northem Sanibel Island. Based on
shoreline changes we find that southern Sanibel has been actively accreting @uilding up)
since 1941 .

The rate of buildup in southern Sanibel is faster than the late of loss from Captiva Island
and northern Sanibel, because sand is coming in from offshore (see Table ll). From
1941 through 1955, the rate of accretion in southern Sanibel was a rapid 139,000 cubic
yards per year (see Table 11). In the later timeperiods (1955-1974 and 1974-1989), the

COASTAL PLANNING & ENGINEERING, INC.. BOCA RATON. SAFIASOTA. JACKSONVILLE
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accretion rate of southern Sanibel slowed !o 76,000 and 79,000 cubic yards/year,
respectively. Because the total buildup of sand exceeds the supply of sand from the
north, we conclude that the buildup on Sanibel is partially due to onshore movement of
sand. At the north end of the island the onshore sand movement comes partially from
the historic ebb shoal of Blind Pass.

Table 1l and Figure 16 were used to estimate the rate of onshore transport. We assumed
that the amount of transport linearly decreases with time and that transport into Redflsh
Pass was negligible during the later two time periods. Figure 16 shows through
extrapolation that the estimated onshore transport at Sanibel for the 1941-1955 time
period was 87,000 cubic yardvyear. Based on this analysis, the onshore transport would
be 35,000 cubic yards/year for the August 1988 through December 1991 time period.

Table 11

Annual Volumetric Changes on Captiva and Sanibel
(cu. yds. x 1000/yr.)

1941-1955 1955-1974 1974-1988

Captiva
N. Sanibel (4 miles)
S. Sanibel (8 miles)

-165
+79

+ 139

-42
+10
+79

Totals +47

The relationship depicted in Figure 16 can be confirmed as follows: If the graph is
extended to the date of Redfish Pass opening (1921), the total amount of material to
move from the ebb shoal between 1921 to 1988 can be calculated to be 5.3 million cubic
yards. The pre-1921 ebb shoal size can then be calculated by adding losses (5.3 million
c.y.) and the current ebb shoal size (approximately 890,000 c.y.) to give 6.2 million c.y.
Using historic data, Professor A. J. Mehta @ersonal Communication 20 March, 1992)
was able to calculate the theoretical ebb shoal size from 1888 inlet geometry. From a
throat size of 10,800 square feet, an ebb shoal volume of 6.6 rnillion c.y. is calculated,
based upon methods in Walton & Adams (1976). Both methds suggest a historic Blind
Pass ebb shoal size, prior to Redfish Pass opening, of approximately 6.4 million cubic
yards.

Sediment budgets for the 1941-1955, 1955-1974 and 1974-1988 time periods are
presented in Figure 17. A composite sediment budget for the years 1941-1988 is shown
on Figure 18.
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-67
+59
+75

+53 +67



FIGURE 16

TO NORTHERN SANIBEL
COASTAL PLANNING & ENGINEERING, INC.. BOCA BATON ' SABASOTA ' JACKSONVILLE'-
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FIGURE 18

CAPTIVA _ SAN]BEL COMPOSITE SEDIMENT BUDGET

1941 - 1988
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During the 1941 through 1955 time period, we can assume that the Redfish Pass shoals
had not fully developed and were not providing protection for the northern shore of
Captiva Island. This would partially account for the high total erosion rates of Captiva
Island. During this time period, 32,000 cubic yards was being lost into Redfish Pass
s6rrally and 133,000 cubic yards was leaving the island to the south.

During the next time period, 1955 to 1974, the erosion rate of Captiva Island reduced
by more than half from 165,000 cubic yardVyear to 67,000 cubic yards/year. The
reduced erosion can be partiatly explained by a more developed ebb shoal of Redfish
Pass, which limited the losses into Redfish Pass.

The movement of sand to Sanibel Island from Captiva Island reduced by 50% during this
period (from 133,000 to 66,000 cubic yardVyear). During this time, 134 permeable
groins were installed on Captiva Island (including 2long wooden groins) and portions
of the road revetment were constructed. It is likely that these structures slowed north
and south fittoral drift along Captiva Island. The most likely reason for the reduction in
south drift was the reorientation of segments of the island as a result of major recession
of the northern beaches. The northem segment was pinned by the wooden groins and
revetment at the north bend of Captiva Drive. The southern segment was first pinned
by the county terminal groin at Blind Pass (1972), then by a revetment built 1200 feet
north of the groin during the 80's. The northern 4 miles of Sanibel accreted 59,000
cubic yards from 1955 through 1974.

The movement of sand from Captiva to Sanibel Island further reduced between 1974 utd,
1988 from 66,000 to 44,000 cubic yards/year. This represents a reduction of 22,000
cubic yards/year. This reduction in transport was partially due to the terminal groin
constructed by I-ee County n 1972. The groin was constructed to protect the approach
road to the bridge and evacuation route. Further hardening of the island combined with
erosion of shore segments that are updrift of the structures also served to reduce drift
during the 1974-1988 time period.

COASTAL PLANNING & ENGINEERING, INC. . BOCA F]ATON . SAFIASOTA. JACKSONVILLE

To estimate the groin's impact on Sanibel Island, an odd-even analysis was conducted for
the area 1 mile either side of Blind Pass. This method assumes that there are two modes
of erosion occurring; one due to background erosion (even) which would be the same
north and south of the inlet, and a second mode where the accretion on the updrift side
would be a mirror image of the erosion on the downdrift side (the odd component). The
mirror image or odd component of the erosion is one of the inlet effec*. This odd-even
method is also very helpful in reducing the error that is part of shoreline change
interpretation. Error introduced by tides or wave runup would be approximately the
same north and south of the inlet. These uniform errors become a part of the even
analysis, leaving a more accurate determination of the odd erosion quantities which are
the inlet effect. Table 12 shows the results of this analysis.

The anaiysis shows that the background erosion has been fairly consistent since 1974,
while the inlet effect has reduced in the most recent time period. This drop most likely
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shows the effects of the 1988/89 beach restoration project, adding material to the natural
bypass system. The odd-even analysis shows that inlet induced erosion averages 13,600
cubic yards per year.

Table 12

Odd/Even Analysis
(fhousands of Cubic Yards)

1914-t988 1988-1991 1974-1991

Background
Inlet Induced

-21.0
-16.0

-30.5
-2.5

-22.7
-13.6

The present ebb shoal of Blind Pass, which extends from the inlet south along the fust
2000 feet of Sanibel Island, has built up from August 1988 through December 1991. To
estimate the quantity of sand in the shoal we compared surveys from August 1988 and
December 1991. We found that approximately 79,000 cubic yards (24,000/year) of
material built in the shoal area from the jetty extending 1400 feet down the beach
(Iable 13).

Table 13

Volume Change - Shoal Opposite Inlet 8/88-12/91
(cubic yards)

Profile
Name

Volume
Change
Above
-18 ft_

Volume
Change
Above
0ft.

Shoal
Buildup/
I-oss

Effective
Distance

(ft.)

R110
110.5
Rl11

40,913
25,fi5
11,701

43
t,493

-1,881

40,870
24,t12
13,582

620.8*
511.7
241.0

78,5@ t373.5

*Effective distance was extended north to the jetty.

During the post-construction time period, 1988 through 1991, the Captiva beaches lost
47,000 cubic yardVyear while northern Sanibel's beaches (R-110 to R-130) tost 9,000
cubic yards/year of sand in the north 4 miles. During this same period of time, 24,000
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cubic yardyyear built up in the ebb shoal of Blind Pass. The total change of volume in
northern Sanibel including the ebb shoal build-up is 15,000 cubic yards/year accretion
from 1988/1991.

A littoral budget was established based on these findings assuming that south Sanibel
accreted as it had in the previous time period (Figure l9(a) 1988-1991). If we hold this
assumption, then 17,000 c.y. per year would have come from Redfish Pass and deposited
on the beach of Captiva Island. Since this is unlikely, an altemate littoral budget was
developed.

An altemate littoral budget for 1988-91 was developed based on observations and
surveys. The 1989/91 time period was an atypical period of stronger north littoral drift.
As evidence of this, the beach was eroded north of the Blind Pass groin (on southem
Captiva Island) for the fust part of 1991, contrary to what would be expected during the
winter months. An alternate littoral budget was established for this time period (see

Figure l9@). This littoral budget suggests a stronger north drift and higher losses of
sand into Redfish Pass. Based on this alternate budget, 10,000 cubic yards was
transported to Sanibel Island. This budget better represents the conditions experienced
on Captiva and Sanibel Islands during the 1988-1991 time period.

During a more typical time period the littoral drift will move south from Captiva Island
to Sanibel Island at a higher rate. Figure 20 shows an estimate of the future littoral
budget during average wave conditions.

Before 1921 Blind Pass was a larger inlet, similar in size to Redfish Pass. At that time
the inlet contained large ebb tidal shoals commensurate with the amount of water going
in and out of the inlet, the tidal prism. Since the inlet was relatively old (more than 300
years old), the ebb shoals were probably well developed and sand that was moving down
from Captiva was bypassing the inlet.

When Redfish Pass opened in the early 1920's, it captured a large portion of the tidal
prism from Blind Pass. Subsequent lo 1921, sand from the ebb shoal of Blind Pass

started to migrate to the beach and attach iself to the beach within the northern four
miles of Sanibel Island.

Redfish Pass also stopped the flow of sand from North Captiva Island to Captiva Island
creating an erosional condition on Captiva, especially focused on the northern beaches.
The littoral drift deficiency created by Redfish Pass was concentrated primarily on
Captiva Island through 1955, as evidenced by the high erosion rate from 1941 through
1955, when the island lost 165,000 cubic yards per year.

The littoral budget suggests that during the period (19a1-1955) as much as 133,000 cubic
yards was leaving the south end of Captiva Island with 131,000 cubic yards going to
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F. Discussion of Littoral Budget
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FIGUBE 20

CAPTTVA - SANIBEL FUTURE SEDIMENT BUDGET
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northem Sanibel. At the same time, ebb shoal sand migrating to the shore at the rate of
67,000 cubic yards created a strong accretional trend along the northern four miles of the
island. This was especially true in the fust mile where the beaches built up at a rate of
53,000 cubic yards per year.

From the late 1950's through the early 1970's the erosion rate of Captiva Island reduced.
Some of that reduction was due to the ebb shoal building at Redfish Pass which limited
or eliminated the losses at the north end of the island. The remaining reduction was due
to reorientation of shoreline s€gments along the island and the hardening of portions of
the island. The amount of sand leaving Captiva Island at the south reduced from
133,000 cubic yards in the 1940's and early 1950's to 66,000 cubic yards per year, a
reduction of almost 67,000 cubic yards per yefi. At the same time, onshore movement
of sand from the ebb shoal to northem Sanibel Island reduced from 67,000 to
approximately 47,000 cubic yards per year.

Although the northern 4 miles was still accreting from 1955-1974, the northem mile of
Sanibel Island went from a strongly accretional trend to an erosion trend, losing 37,000
cubic yards per year during the 1955-1974 time period. This is probably due to a
combination of two effects. One is that the loss of protection from the ebb shoal in the
immediate vicinity of Blind Pass did not allow that portion of the island to sustain its
seaward position. Secondly, the reduction of sand quantity moving from Captiva and
from the ebb shoal contributed to the strong erosional trend.

A groin was built by I-ee County n 1972 to protect the evacuation route and the bridge
approach road. This structure was also partially responsible for the 22,000 c.y.
reduction in drift from Captiva to Sanibel after 1972. P^tt of that reduction in &ift was
also due to continued hardening of the shorelines on Captiva. It is estimated that the
County structure, built in 1972, accounted for a littoral drift reduction of 13,600 cubic
yards per year.

Blind Pass was closed between 1977 afi 1982. When it reopened in 1982, the erosion
rates of Captiva Island increased from 1982 through 1985. Surveys from 1985 through
1988 indicate an erosion rate of almost 85,000 c.y./yr. on Captiva Island. It is probable
that the deterioration of the County groin during the post groin construction period
allowed a higher erosion rate on Captiva Island during that period.
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After 1974, sand availability again reduced for northern Sanibel. Sand from Captiva
reduced from 66,000 to 44,000 cubic yards. Offshore-onshore movement reduced from
47,000 to 27,000 cubic yards per year. During this period southern Sanibel Island (the
last 8 miles) continued to accrete at 79,000 cubic yards per year. The northern 4 miles
of Sanibel Island went from a strong accretional trend of 59,000 cubic yards per year to
an accretional trend of + 10,000 cubic yards per year.

In 1988 and 1989, the beaches of Captiva Island were restored and the groin at the south
end of Captiva Island was rebuilt and extended 100 feet. The purpose of the groin



extension wiul to prevent rapid loss of materid at the south end of the nourishment
project. The groin was also constructed to provide further protection for the evacuation
route by holding larger amounts of sand on the Ttmer Park pubtc beach in front of the
Captiva Road approach to the Blind Pass bridge.

Subsequent to the construction of the Captiva project, monitoring has shown that the
shorelines of northem Sanibel have retreated faster than the historical trend through
December of 1991, but that the erosion rate of the area has been slower from a
volumetric standpoint.

A review of the profiles indicates a substantial flattening of the upper beach portion of
the profile and the very nearshore portion of the profile especially in the vicinity of Clam
Pass Bayou/Old Blind Pass. In the Clam Pass Bayou and Old Blind Pass area, significant
overwash has occurred and a large volume of sand (approximately 47,000 c.y.) has built
up on the landward portion of the profile in the pass.

It has also been noted that during the 3.3 year data set (1988-1991), two unusual weather
events occurred. The fust was Tropical Storm Keith which significantly altered the
shoreline south of Blind Pass by causing extensive overwash and lowering of the barrier
island in the vicinity of Clam Bayou and Old B1ind Pass. In the shoreline analysis the
effects of this storm have been discounted and only the shorelhe retreat rates after Keith
have been counted.

The second event that should be noted is that during the winter of 1990-1991, there
appeared to be an atypical northward sand movement, as evidenced by the lack of
buildup of sand north of the Blind Pass jetty during that winter period. This may have
affected the rate of erosion that has been measured on both islands.

After the 1988/89 beach nourishment of Captiva Island, an ebb shoal feature formed
seaward of Blind Pass which was not present in 1988. The ebb shoal extends from the
mouth of the inlet south, approximately 1400 feet. The shoal contains approximately
80,000 cubic yards and has built up over the 3.3 year time period subsequent !o the
beach nourishment project. Most of the building of the shoal occurred in the fust rwo
years after nourishment. Recent surveys indicate that the shoal building process has
slowed or reversed in the last 6-month time frame.

It is not clear at this time whether the shoal represents a permanent feature or will move
in and attach itself to the beach as has happened in the past. The building of the shoal
at this seaward location is probably an effect of the groin extension and additional sand
made available from the beach nourishment project.

The existence of the shoal has caused a shadow and wave refraction effect at the very
north end of Sanibel Island. This has caused a littoral drift reversal and a nodal point
to be established at or about Clam Bayou. The nodal point creates a zone of high
erosional stress at this location.
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The high shoreline retreat rate in the Clam Bayou area is also the result of overwash.
The combination of overwash and the existence of a nodal point has resulted in a retreat
of 257 fet since the beach nourishment project. This high retreat rate has distorted the
average shoreline rctreat rates.

We can conclude from the above analysis that presently the groin is bypassing as much
or more sand than it had bypassed before the nourishment and groin extension project.
Physical changes of the shoreline planform have occurred in response to an ebb tidal
shoal building. The combination of the ebb shoal and persistent overwash of some areas

have resulted in higher shoreline retreat rates along the fust mile of Sanibel.

It can be concluded that these higher rates are related to the beach nourishment and groin
exGnsion project, but are affected by other physical parameters. The most important is
the rollover and rapid retreat of the beach near Clam Pass and Old Blind Pass.

Shoreline retreat has been faster than the historical annual average of 13.3 feet set by the
DNR permitting process prior to the 1988/89 beach nourishment project. Mitigation for
retreat attributable to "the extension of the terminal groin on Captiva Island" is a
requirement of the DNR permit.

There is some uncertainty about the amount of overwash at Clam Pass and Old Blind
Pass. Recent retreat rates (1988-91) in that area have been signifrcantly higher than the
historical trend (1974-88). It has been .uisumed that this is due to the post-storm effects
of Tropical Storm Keith which appear to have lowered the Barrier Island and made the
beach more wlnerable to overwash. Similar conditions \ ere observed in northem
Sanibel in 1972 after Hurricane Agnes when the northern 2000 feet of Sanibel retreated
over 200 feet in the 9-month period following that storm.

A review of aerials shows that Clam Pass is open and closed about as much as it was
prior to Keith. This suggests that the barrier island fronting the Clam Pass area has not
been affected as much by Keith as is indicaM above. This further suggests that the high
retreat rate may be caused by a deficiency of sand moving to the Clam Pass area.

Blind Pass is one of many inlets that punctuate the southwest coast of Florida facing the
Gulf of Mexico. I-ocated in I-ee County, it separates the Captiva Island to the north and
Sanibel Island to the south and connects a part of Pine Island Sound to the Gulf. The
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Once the condition stabilizes at Clam Pass and Otd Blind Pass, the lower erosion rates
of northern Sanibel should moderate the retreat rate to below the historical retrcat rate
of 13.3 feet. Until that happens, however, the retreat in the vicinity of Clam Pass will
be rapid and the average shoreline reEeat rate will be higher than the historical rate.

G. Stability and Hydraulic Analysis

Background



inlet was fust opened naturally around three hundred years ago and for quite a while
behaved as a tide{ominated inlet with a prograding ebb-tidal shoal. Since the opening
of Redfish pass to the north in 1926, the inlet has graviated toward a wave-dominated
one, and is less stable. The capture by Redfish Pass of a substantial portion of the tidal
prism that had kept Blind Pass active since its inception is evidenced by the alternate
closure and opening that has tpified its existence up to at least the middle 1980's. Is
ephemeral existence is also evidenced by the disintegration of the once stable ebb tidal
shoal to relative insignificance.

This section is confined to the physical inlet reqronse using both analytical and numerical
approaches to inlet hydraulics. The report consists of the collation and review of all the
available study reports on Blind Pass in order to reconstruct the morphological
development of the inlet and collection and analysis of current and bathymetric data.

Morohological Changes

It is apparent from Table 14 that Blind Pass has undergone a series of closures and
reopenings as a consequence of the predominant southerly drift. The altemate inlet
closure and opening represent an efficient pathway whereby sediments are fed to the
south, i.e., Sanibel Island. Prior !o 1921, the inlet section at Blind Pass measured 200 m
across by 5 m deep due to ttre appreciable water surface area it commanded in the Pine
Island Sound. Following the opening of Redfish Pass in 1921, the tidal prism that had
maintained Blind Pass shrunk considerably due to flow diversion through Redfish Pass,

which grew to a size about twenty times that of Blind Pass with significant development
of the ebb-tidal shoal. Subsequently, there have been at least tfuee episodes of downdrift
migration, closure, and reopening.

l-ongshore Sediment Transoort

A relatively simple way of computing littoral drift along the coastline of Florida based
on visually observed waves from ships has been presented by Walton (1973). The
method uses the SSMO (Summary of Synoptic Meteorological Observations) wave data,
which are a compilation of meteorological and sea state observations made from ships
plying through "Data Squares" defrned by their longirudes and latitudes, as input in
computing longshore energy flux and consequent littoral drift based on linear wave
theory. The results of the monthly estimates of littoral drift are shown in Tabte 15.
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The numerical model used is a one-dimensional code that describes the response of a

Keulegan-type inlet-bay system to sinusoidal tidal forcing (Lin, 1988).

Available reports and aerial photographs were collected from the Coastal Engineering
Archives and monitoring reports associated with the Captiva Island Beach Nourishment
Project. This store of documented and photographic information was converted into a
chronology of events to facilitate better understanding of the morphological development
of the inlet :rs summariz€d in Table 14.



Table 14

A Chronology of Events, Blind Pass

EventYear

955 BP - 655 PB
3OO BP
1883
1888
t92t
t94t
1953
1958
8t29-9/t3t@
1961
1962
19@
1966
t970
t972
t972
L974
1975
tu16

Original pass opened.
Pass broke through barrier island.
Inlet broke through near the current position.
Inlet @ throat - 200 m x 5 m. Downstream offset of 250 m.
Opening of Redfish Pass.

New inlet opened near curent position. Possibly the result of hurricane.
Inlet width at throat = 60 m.
Inlet width at throat = 20 m.
Hurricane Donna reopened pass.

Direct inlet closed. Flow exit further south.
Gulf entrance reportedly closed by slorm action.
Inlet closed by spit.
Historical flow area = 95 m2.

Historical flow area : 160 m2.

Hurricane Agnes reopened pass.

Short riprap jetty constructed on the north side.
Historical flow area = 140 m2.

Historical flow area : 42 m2.
Gradual inlet narrowing in the past several months closed inlet to boat
traffic.
Inlet closed by tidal accretion.
Inlet closed.
Subtropical "No-Name' storm reopened pass. Minimum cross-sectional
area : 56 m2'

Opened again.
Inlet closed.
Inlet open.
Terminal groin lengthened by 31 m.
Throat cross-section below NGYD : 64 m2

May 1977
1979
6t82

Field Data Analysis

The following field data collected in July/August 1991 were analyzed to obtain geometric
and hydraulic data required for the analysis portion of the study:

1) cross-sectional survey covering the inlet and a substantial part of the flood
shoal;
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1986
12187
1988
11/88
8t91



2) one continuous point current meiBurement;
two surface curent measurements using drogues; and
spot tidal elevation measurements at select€d locations and times.

3)
4)

Currents

Month
Gross Net

(m3lday) (m3/day)

350
840
750
410
50
80
20

100

50
90

220
320
240

230
90

150
250
400
240
300
t20
170
2s0
r60
100
210

580
920
900
6@
450
320
320
220
220
340
380
420
450

120 S
750 S

600 s
160 S

350 N
160 N
280 N
20N

120 N
160 N

60s
220 S

30s
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The measured current, which is mainly tide{riven and shown in Figure 21, shows a
similar pattern of change to the tidal variation. Current deflection from the inlet axis is
apparent from Figurc 22, where the ebb and flood flow directions are each modified by
the inlet exit and entrance geometry. The peak ebb current is stronger than the pea.k

flood current, being about 1.3 m/s and 0.9 m/s respectively. The corresponding peak
surface currents are about 1.6 m/s and 1.3 m/s based on surface drogue measurements.
Assuming a theoretical logarithmic velocity distribution and accounting for variation in
the transverse direction, the mean cross-sectionally averaged velocity is taken to be about
1.1 m/s for calibration purposes.

Table 15

longshore Tnnsport Rate at Blind Pass

Transport South Transport North
O, = 255'N O. = 220" N
(m3/day) (m3/day)

Annual
January
February
March
April
May
June
July
August
September
October
November
December
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Geometric Data

The suwey data were analyzed to yield the geometric data as summarized in Table 16.
It is noted that while the throat flow depth, h", occurs at Section 4, the throat flow area,
Ac, occurs at section 10 (Figure 23). The inlet channel is considered to be stretching
from Sections I to 7, and the water area thereafter is considered part of the bay area.
Confining the analysis to the first seven sections, the throat depth and cross-section h.
and A", are found to be 2.1 m and 64 m2, respectively.

Tidal Prism

The bathymetric and hydraulic data were analyzd to determine the flood and ebb tidal
prisms for Blind Pass. The average flood tidal prism was 43.90 x 106 ff while the
average ebb tidal prism was 9.13 x lff ff. Both of these values exceed the previous
measured prism of 7.6 x 106 ff (University of Florida, 1974). The 1991 measurements
indicate that a significant net circulation of water was occurring in Pine Island sound

since the volume of water that entered Blind Pass was 4.8 times the volume that exited.

Silce overall inlet stability increases with the tidal prism, it would be expected that the
stability would improve between 1974 and 1991. The indeed has been the case.

Inlet Hydraulics and Long Term Stability
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The frst part of the analytical study entails using the one dimensional model equation
developed for the Keulegan-type bay to obtain pammeters that characterize the hydraulic
and stability behavior of the inlet.

The second part of the analytical study involves computation of the relation between the

cross-sectional area, A", and the maximum flow velocity at the throat u-*, which enables
a qualitative assessment of the hydraulic stability of the inlet to be made. This is
followed by the use of the O'Brien relationship linking the tidal prism, 0, and the
minimum flow area, A", fiom which the sedimentary regime of the inlet can be derived.
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0
29
60
76

116
134
163
259
312
il8
984

1296
1548
t747

125
9l
@
il
94
74
78
52
57
76

189

313
234
275

0.8
1.0
1.5

0.9
0.7
0.5

Table 16

Geometric Data for Blind Pass

Cross-section
No.

Distance
(m)

Cross-section
Arca (m'?)

Mean Depth
(m)

I
2
3
4
5

6
7

10
11

12

13

14

15

16

2.1
1.8
t.2
0.9
1.4
t.2
0.8
0.7

The superposition of the hydraulic and sedimentary stability criteria then yields the inlet
stability diagram for Blind Pass.

Since the tides at Blind Pass are mixed, nvo stability diagrams were developed. For the
semidiurnal tides (t : 12.4 hrs., a: 0.25 m) Figure 24 shows the stability diagram.
For the diurnal tide Q - 24.9 hrs., a : 0.30 m) Figure 25 shows the stability diagram.

Figure 24 shows that the critical cross-sectional area is approximately 45 m2 for the
semidiurnal tides. Since the existing throat cross-section is 64 m2, the inlet is stable.
The eqrrili[dum cross-section is approximately 125 r* for the semidiumal tide
conditions. Based on the strong velocities, an increase in the cross-sectional area could
be expected.

Figure 25 shows the critical cross-sectional area is approximately 50 m2 for diumal tides
which is smaller than the existing cross-sectional area. This indicates that during diurnal
tides the inlet is only marginally stable. The diurnal equilibrium cross section is
approxi mately 160 m2.
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STABILITY DIAGRAM, BLIND PASS
DIURNAL TIDE CONDITION
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In the literature on inlet stability, a distinction between long term and short term stabiliry
is frequently made. The former refers to the gradual deterioration of the inlet due to
shoaling and may occur over several months or even decades. On the other hand, short
term stability is associated with storm events, which can result in inlet closure. Hence,
while the former considers average conditions, the latter is necessarily finked to the
intensity and duration of storm events.

Short term stability was analyzed using an integrated one dimensional inlet flow model
coupled with a sediment transport equation. By varying the littoral drift rate along the
beach, the duration of inlet stability can be determined.

The results of the numerical runs are shown in Figure 26 for littoral drift rates, M,
ranging from 200 to 2000 m3lday, a ten-fold increase. The length of run duration was
chosen such that it would encompass an entire spring-neap tidal cycle, a period of
approrimately a month. Since the model was run each time with a constant M value, the
duration of about a month more or less fits in with the strong monthly variation in littoral
transport exhibited in Table 15.

It is seen that up to about M : 600 m3lday, the inlet exhibits either stable or slight
accreting conditions. From M : 700 m3/day to 800 m3/day, the shoaling trend is clearly
noticeable, but the inlet still remains open at the one-month cut-off point. The inlet
closes in about a month for M : 900 m3/day and thereafter the time of closure is more
rapid as the M value increases to 2W rtlday where the inlet closes in twelve days.
These outputs, therefore, are in qualitative agreement with the expected behavior of Blind
Pass under increasing sediment loading.

H. Wind and Wave Climate

Wind data (USACE 1989) were compiled for the hindcast stanon #42, positioned 26.5"
north and 82.5' west, or approximately 20 miles west of Blind Pass. Figure 27 refl*ts
data collected between 1956 and 1975. The most prevalent wind directions recorded
were from the northeast through southeast followed by west winds. These winds are
typically generated by one of three mechanisms.

Daily differential rclar heating of land and water masses creates diumal onshore-offshore
breezes. Land masses heat faster during the day causing the air to rise forming cumulus
clouds. The offshore air then moves onto the land, and a west wind develops. After
sunset, an east wind predominates as the land cools. This sea{and breeze cycle is
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Short Term Stability

Lee County is located in the sub-tropical climatic band and thus is affected by prevailing
trade winds. These winds shift from the northeast to southeast between winter and
summer seasons. The trade winds have minimal effect on wave development in
nearshore areas since they blow primarily from onshore.



FIGURE 26

SHORT TERM STABILITY AT BLIND PASS
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AVERAGE WIND DIRECTION
SPEED AND DURATION

BLIND PASS AREA
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Frontal weather pattern activity genefi es winds which vary from south through northeast
as "fronts' approach and pass through the area. Typically, fronal winds become
important during winter months when northern weather patterns caa extend well south
of I-ee County. Although the Gulf Coast Shoreline is not as susceptible to severe frontal
weather erosion as the east coast of the state, occasional "Northeasters" have caused
noticeable shoreline erosion.

Winds from tropical storms or hurricanes can blow from any direction (depending on the
track of the storm) and cause severe damage. Significant storm events affecting the Blind
Pass area are compiled in Section I.F. - History of the Inlet.

Because of the geographic orientation of the Gulf Coast in the study area, hurricane
impact is less severe than other coastal areas, from the standpoint of wave-induced beach
erosion. Cyclonic slorms that pass east of the study area generate northwest backing
through southwest winds. While these directions are potentially most damaging, wind
speeds are lessened as these storms pass over land. Storms passing offshore the study
area typicaly produce winds from northeast through southeast with high wind speed
potential. While these are the strongest winds in the storm, the offshore direction has

decreased wave-induced erosional potential.

Waves generated by local wind phenomena and distant weather disturbances are
responsible for beach erosion, longshore sand transport and formation of sand bars in
nearshore regions. Historical wave records in the area of Blind Pass are presented in
Figure 28. This wave data was generated by hindcast models (USACE 1989) and
compiled for a position approximately 20 miles west of Blind Pass.

The predominant offshore winds produce waves that travel away from land, and these
waves are most common in the study area. These waves form offshore and travel out
into the Gulf, leaving the region relatively free of wave activity; for this rearcn, the
northeast, east and southeast waves are eliminated from this analysis.

It should be noted, however, that offshore winds will tend to smooth and flatten the wave
progressing toward shore generated outside the local area. The smaller of these onshore
waves are lost through shear friction to the opposing wind, leaving only the larger,
distantly-generated waves to continue to the beach. This effect is seen in the days
following prolonged strong east winds, as long period swells appea.r causing powerful
longshore currents and sediment movement.

The most frequently occurring waves along the beach in the study area were from the
westwithameanheightof 1.0- 1.I m(3.2- 3.5ft.)andaperiod of 5.2-5.6 seconds.
The southwest waves, while as ftequent as the northwest set, carried less energy and
hence, less potential for littoral movement.
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Iocalize<t !o within several miles of the coast, but does develop waves which ultimately
contribute to sediment movement.
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The largest onshore waves recorded were 3.1 m (9.9 ft.) from the west; occurring in
February, indicative of winter northeaster activity. This wave daa supports the littoral
drift analysis presented in Section E. Wave action drives the transport of sand along the
beach, primarily from north to south with a lesser counter{ri-ft in the opposite direction.

I. Currents

Wave energy and solar-lunar tides are the primary factors generating currents in the
nearshore zone. Oblique waves induce longshore currents along the sea bed that move
large quantities of material (sand, pebbles, shells, shell fragments and debris) within the
surf zone to the depth of closue or approximately 12 fet deep. These currents can
reach velocities of4 - 5 feet per second, de?ending on the depth, wave energy and wave
crest angle with the shoreline. I-ongshore curents are sustained as long as waves
continue to impact the beach.

Solar-lunar tides are capable of currcnt generation as well. Tides along the Gulf Coast
are both diumal and semidiumal. During part of the monthly cycle the tide reaches a
high and low hvice daily whjle the remainder of the month experiences one high and one
low per day.

At Blind Pass the normal tide range is approximately 2.3 feet while the spring tide range
is approximately 3.4 feet. The tides produced by lGyear and 50-year storms are
estimated al 6.4 feet and 12.3 feet, respectively (USACE 1985).

Blild Pass, along with Redfish Pass and the San Carlos Channel provide tidal flushing
for Pine Island Sound. Blind Pass carries a proportionally smaller share of the total
prism for the Sound (see Section II. G. - Sability and Hydraulic Characteristics of Blind
Pass). The llood tidal prism is approximately 43.90 x ld ff and the ebb tidal prism is
approximately 9.13 x ld ff. lhe tidal prism is affected by the length of the inlet
channel, obstructions to flow in the Sound, general positioning of the land masses in the
area and other factors.

The resulting tidal current, measured as part of a Coastal Planning & Engineering, Inc.,
survey in July 1991, was 4.4 fps (265 fpm) and 3.6 fos (215 fpm) on the flood and ebb
tide respectively. These velocities were measured by an anchored current meter placed
in the channel of Blind Pass and were confrrmed by drogue measurements.

These measurements were taken on the semi{iurnal tide and are higher than expected.
The currents during the diurnal tide cycle will be substantially lower than the measured
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The tidal curent in the inlet is a function of both channel geometry and tidal prism.
Tidal prism is the actual volume of water flowing through the inlet during one tide cycle.
In a sand-bounded channel, this current has a theoretical limit before scouring will occur
(see Section G. - Stability and Hydraulic Characteristics).



values due to the longer tidal period and minimal tide range characteristic of the diurnal
tide.

J. Structures

Since the Captiva Erosion Prevention District was established in 1959 by an act of the
Florida Irgislature, several types of structures and beach fill have been utilized to
control erosion. A description of the previous measures that were sponsored by the
CEPD and local interests to control erosion along the shores of Captiva Island is
provided in Table 17. The positions of structures in the vicinity of Blind Pass are noted
in Figure 29. Nl of the structures listed in Table 17 were designed !o abate erosion of
the shoreline.

Several of the structures shown in Figure 29 south of Blind Pass, such as the wooden
bulkhead, were not constructed originally for full coastal exposure. They were originally
intended to be inland waterway structures, as those positions were originally on protected
inland canals (see Section I.F. - History of Blind Pass).

The impact on the littoral proc€sses by the Captiva structures has been discussed. The
Sanibel structures, shown in Figure 29, also impact the littoral processes. When these
structures are exposed to the open Gulf, they interrupt littoral drift and impound sand.
Because of their location in the inlet region, it is difficult to quantify this impact.
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Year

1961

Table 17

Protective Measure

134 'dog-bone' groins were installed along the length of Captiva Island.

t962 7,000 cubic yards of sediment from Roosevelt Channel on the bayside
were placed on the centq portion of Captiva Island.

1963 50,000 cubic yards of sediment were pumped to the area of Post Office
Road on Captiva.

19& Extensive rock revetments and seawalls yysls in5talled by private owners
on Captiva Island.

1965 T$o timber groins were installed by CEPD near the center of Captiva
Island and 50,000 cubic yards of sediment was pumped from the bayside
between the two groins.

t964-1967 50,000 - 100,000 cubic yards of sand were trucked in by I-ee County for
the Post Office Road area. 17,000 cubic yards was brought in to repair
the County highway after Hurricane Gladys.

t972 I-ee County installei the terminal groin at Blind Pass.

Pre 1974 Sanibel records prior construction of revetment and bulkhead ia vicinity
of Blind Pass.

1981 South Seas Plantation, a privately-held development, funded a beach
nourishment project for the northem 1.8 miles of the island. The project
consist€d of 760,000 cubic yards of material from the Redfish Pass ebb
tidal shoal.

1986 Six experimental perpendicular stabilizers were installed at the north bend
of Captiva Road.

1987-1988 Lee County repaired rock revetment after road washouts caused by several
storms.

1988-1989 The terminal groin at Blind Pass was extended 100 feet between October
and November 1988. A beach nourishment project was constructed along
the entire length of the island and consisted of plac€ment of 1,600,000
cubic yards of material from the Redfish Pass ebb tidal shoals. The six
experimental perpendicular stabilizers and two timber groins were
removed prior to beach placement. Dune vegetation was planted along the
entire island between August and October 1989.

1991 Private seawall construc ed 1/3 mile south of Blind Pass.
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III. NATT]RALRESOI'RCES

A. General

Blind Pass, which has a long history of southerly migration and hydraulic instability,
greatly influences the surrounding estuarine and marine environment. It is clear that the
methods used to maintain the pass in the future will affect the surrounding environment.

The natural resources surrounding Blind Pass are comprised of three major resource
classifications. These are the beach and dune system, and upland areas; estuarine
wetlands; and the nearshore Gulf of Mexico.

The following description of the natural resourc€s surrounding Blind Pass was developed
from available reference materials, aerial photographs and limited onsile environmental
iavestigations. Preliminary field investigations of the natural resources surrounding Blind
Pass were conducted in conjunction with flood shoal bathymetric and topographic surveys
on July 30, 1991. More detailed onsite inspections of the specific resources likely to be
impacted by the recommended management plan were conducted on April l, L992.
Figure 30 illustrates the natural resources in the vicinity of Blind Pass.

B. Beach, Dune System and Upland Areas

Most of the dune and upland areas within the study area have been developed.
Development along the northern third of Captiva Island consists of a planned resort
community. Development along the remainder of Captiva Island and the westem
portions of Sanibel Island consists of low-density single-family residences, along with
some commercial and multi-family uses. In contrast, a majority of the development
along the southeastern portion of Sanibel Island consists of higher-density mid-rise, resort
and commercial strucfu res.

Although most upland areas adjacent to Blind Pass have been developed, some native
vegetation still remains. The most commonly observed native upland species hclude sea

Crape (eassalgba uvifera), gumbo limbo Gusera simaruba) and cabbage palm (sabd
palmetto). In addition, narrow fringes of mangroves still line the undeveloped portions
of the estuarine shoreline adjacent to the pass.

Both upland development and beach erosion have eliminated a majority of the native dune
system in the vicinity of Blind Pass. Nevertheless, portions of the dune on Captiva
Island have recently been re-established. A sea oat community was established on the
northem end of Captiva Island as part of the 1981 South Seas Plantation beach
restoration project. Additional dune vegetation (80% sea oals,20/o other) was planted

along the entire island, between October and December 1989. In 1990, the CEPD
removed Australian pine seedlings from the new vegetation and replanted sea oats at the
southern end of the 1988 Captiva Island beach restoration project. Commonly observed
dune species on Captiva Island now include sea oats (Uniola paniculata), sea purslane
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FIGUBE 30

HABITATS ADJACE NT TO BLIND PASS
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(Sesuvium portulacastrum), s€a grape (Coccoloba uvifera), railroad vine (Ipslseea pes:

caprae), Scaveola sp., salt grass @istichlis spicata), dune sunflower (flgfu1hug debilis)
and prickly pear cactus (Oguntia compressa).

Dune vegetation has also recently become established on the upland portion of the flood
tidal shoal. Dune species observed on the shoal include sea purslane (Sesuyiuuq
portulac{Ntrum) , railroad vine (Ioomoea oesqprae) , fringe rush (Fimbristylis qpathacea) ,

salt grass @isfichfil spicat4, sea blite (S1gda linearis), saltwort @atis maritima) and
seashore dropseed (SpOfgbglug virginicus). In addition, several small red mangroves,
black mangroves, white mangroves and buttonwood trees have become established along
the southwestern edge of the flood shoal. Several newly established white and red
mangroves are also prcsent along the southeastem portion of the shoal.

Due to the extensive development of the islands, the remaining upland and newly
established dune vegetation provide only limited habitat for wildlife. Nevertheless, a few
adaptable species, such as raccoons and squirrels, are common on the islands. A list of
the mammals which are reported to occur in the vicinity of Blind Pass is presented in
Table 18.

The beach ecosystem provides habitat for a variety of organisms. Common beach
organisms include a variety of polychaetes, amphipods and crabs, including the common
ghost crab. Other wildlife, including rodents, snakes, birds, lizards, and insects, may
inhabit the beach for all, or a portion of their lives.

In addition, many species of birds are known to forage at the flood tidal shoal, and at the
beaches and nearshore waters adjac€nt !o the pass. Shorebirds, including gulls, tems,
sandpipers, plovers, and stilts, use the intertidal beach for foraging, while other birds,
such as the east€m brown petican (PelecaauS occidentalus carolinensis) and the double-
crested cormorant (PXdaCfpCOfax auritus), forage in the nearshore waters (Continental
Shelf Associates, 1987). Table 19 lists some of the most common bird species reported
to occur in the vicinity of Blind Pass.

The beaches adjacent to Blind Pass also provide nesting habitat for the Atlantic
loggerhead turtle (Caretta caretta). Other sea turtles re,ported to occur in the vicinity of
Blind Pass include the Atlantic green turtle (Cldonia mydas), Atlantic hawksbill turtle
(Eretmochelys imbricata), Atlantic Ridley turtle (troidochelys kemoi) and Atlantic
leatherback turtle @efooehdys coriacea).
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Table 18

Mammals ReporM in the Vicinity of
Blind Pass

Common Name

Armadillo
Atlantic bottlenose dolphin
Black rat
Bobcat
Cotton mouse
F-stern cottontail
F^stern fox squirrel
Eastern mole
Eastern yellow bat
Evening bat
Florida longtail weasel
Florida water rat
Florida mink
Florida mouse
Gray fox
Hispid cotton rat
House mouse
I-east shrew
Marsh rabbit
Mexican freetail bat
Opossum
Raccoon
Sanibel Island rice rat
River otter
Shorttail shrew
Southeastern big-eared bat
Spotted skunk
Striped skunk
West Indian manatee
Whitetail deer

Source: J.N. "Ding' DarLing National Wildlife Refuge - Mammal List. 1 pg.
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Table 19

Birds Commonly Obsewed in the
Vicinity of Blind Pass

Common Name Scientific Name

Pied-billed grele
American white pelican
Brown pelican
Double-crested cormorant
Anhinga
I-east bittem
Great blue heron
Great egret
Snowy egret
Little blue heron
Louisiana heron
Reddish egret
Cattle egret
Green-backed heron
Black-crowned night-heron
Yellow-crowned night-heron
White ibis
Mottled duck
Northem pintail
Blue-winged teal
Northern shoveler
American wigeon
Lesser scaup
Red-breasted merganser
Black wlture
Turkey vulture
Osprey
Red-shouldered hawk
American kestrel
Clapper rail
King rail
Common moorhen
Black-bellied plover
Snowy plover
Wilson's plover

Podilymbus oodiceps
Pelecanus erJrthrorhynchos
Pelecanus occidentalis
Phalacrocorax auritus
Anhinga anhinga
Ixobrychus exilis
Ardea herodias
Casmerodius albus
Egretta thula
Egretta caerulea
Egretta tricolor
Egretta rufescens
Bubulcus ibis
Butorides striatus
Nycticorax nycticorax
Nvcticorax violaceus
Eudocimus albus
Anas fulvigula
Anas acuta
Anas discors
Anas clyoeata
Anas americana
Aythya affinis
Mergus serrator
Coragyps atratus
Cathartes aura
Pandion haliaetus
Buteo lineatus
Falco soarverius
Rallus longirostris
Rallus eleeans
Gallinula chloropus
Pluvialis souatarola
Charadrius alexandrinus
Charadrius wilsonia
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Table 19

Birds Commonly Observed in the
Vicinity of Blind Pass

(Continued)

Common Name Scientific Name
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Semipalmated plover
Piping plover
Killdeer
Greater yellowlegs
lcsser yellowlegs
Willet
Sanderling
Short-billed dowitcher
Laughing gull
Ring-billed gull
Royal tern
Sandwich tem
Black skimmer
White-winged dove
Mourning dove
Common ground-dove
Mangrove cuckoo
Smooth-billed ani
Common barn-owl
Eastern screech-owl
Great horned owl
Red-bellied woodpecker
Common flicker
Pileated woodpecker
Great crested flycatcher
Gray kingbird
Blue jay
Fish crow
Carolina wren
American robin
Gray catbird
Northem mockingbird
European starling
White-eyed vireo
Prairie warbler

Charadrius semipalmatus
Charadrius melodus
Charadrius vociferus
Tringa melanoleuca
Tringa flavipes
Catoptrophorus semipalmatus
Calidris alba
Limnodromus sriseus
Iarus atricilla
larus delawarensis
Sterna maxima
Sterna sandvicensis
Rynchoos niger
Zenaida asiatica
7*naida macroura
Columbina oasserina
Coccyzus minor
Crotophaga 34!
Tyto dba
Otus asiq
Bubo virsinianus
Melanerpes carolinus
Colaptes auratus
Drvocoous pileatus

Myiarchus crinitus
TVrannus dominicensis
Cvanocitta cristata
Corvus ossifragus
Thryothorus ludovicianus
Thrdus migratorius
Dumetella carolinensis
Mimus oolvplottos
Sturnus wlgaris
Vireo griseus

Dendroica discolor



Table 19

Birds Commonly Observed in the
Vicinity of Blind Pass

(Continued)

Common Name Scientific Name

Common yellowthroat
Northern cardinal
Rufous- sided towhee
Red-winged blackbird
Boat-tailed grackle
Common grackle
House sparrow

Geothlypis trichas
Cardinalis cardinalis
Pioilo ervthroohthalmus
Agelaius Lhgeueeut
Ouiscalus m4ior
Ouiscalus quiscula
Passer domesticus

Compiled from: Emerson, K.C., ed. Check-list of Birds for the area of Sanibel, Captiva
and adjacent islands. Published by Sanibel - Captiva Audubon Society,
Sanibel - Captiva Conservation Foundation, and Ding Darling Wildlife
Society. D8a. 2 pg.

Robbins, C.S., B. Bruun and H.S. Zim. Birds of North America: A
Guide to Field Identifiation. Golden Press, New York, N.Y. 1983. 360
pc.
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Prior to the 1988 Captiva Island beach restoration project, continuing beach erosion and
the construction of shoreline protection structures had resulted in the loss of most of the
sea turtle nesting habitat north of Blind Pass (IrBuff, 1990). Following the 1988
Captiva Island beach rcstoration project, both the number of nests and the number of
nests/emergence, or nasting success, increased (rBuff, 1990). Studies prior to the
beach project documented an average of 19 nestVyear for the 5 mile beach, with an
average nesting success of 36.5% (fabb 20). In contrast, the average number of nests
from 1988 to 1990 was 52 nests, or a 174% increase over pre-restoration averages. This
was in spite of the fact that the data for 1989 were incomplete (collection of the 1989 sea

turtle nesting data did not begin until July l, almost two months after nesting began).
Nesting success for the 1988 and 1990 nesting s€asons were 39.6% and 46.2%,
respectively. Nesting success data were not available for the 1989 nesting season.
Historical sea turtle nesting densities for Sanibel Island are provided in Table 21.

C. Estuarine Wetlands

A majority of the estuarine wetlands adjacent to Blind Pass are located within the Pine
Island Sound Aquatic Preserve. Limits of the Pine Island Sound Aquatic Preserve range
from just east of the Blind Pass bridge, north to Boca Grande Pass, south to southem tip
of Sanibel Island and east to Pine Island. In addition, the north central portion of Sanibel
Island and the adjacent mangrove islands are located within the I. N. 'Ding'Darling
National Wildlife Refuge.

Estuarine wefland communities adjacent to Blind Pass include seagrass and algal beds,
mangrove forests, salt marshes and oyster beds. These communities provide both habitat
and food for a variety of organisms. In addition, these communities function in nutrient
and sediment recycling.

The submerged aquatic vegetation within Pine Island Sound consists of seagrass beds,
attached algae and drift algae. The seagrass beds contained with fte sound are made up
primarily of shoalgrass (Ilalodule wrightii), turtlegrass (Ihalassia testudinum), and
manatee grass (SJrilggdiunq filiforme). These seagrass beds serve as important nursery
grounds for snappers, groupers, drum, shrimp, blue crab (Cdlinectcs saoidus), and
Florida spiny lobster (Panulirus areus) (Continental Shelf Associates, Inc., 198Q. The
endangered West Indian manat€e also utilizes seagrasses as an important food source.
Terns, egrets, ibisas, gulls, pelicans and herons forage upon the small crustaceans,
gastro@s, annelids and fishes found in the tidal flats surrounding Blind Pass.

Mangrove forests fringe much of the undeveloped shoreline east of Blind Pass. Areas
frequently inundated by normal tidal action are generally inhabited by red CRhizophOfa
mangle) and black (Avicennia germinans) mangroves. White mangroves @gu4gtJada
racemosa) and buttonwood GSlAea4u! erectus) are found in areas where inundation is
less frequent. These mangrove communities serve as habitat and food source for fiddler
crabs, mangrove snapper, and a variety of wading birds, such as herons and egrets.
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Table 20

Sea Turtle Nesting Data
For

Captiva Island
(5 Miles)

* incomplete data (only July 1 - August 3l)

Compiled from: 'Sea T\rrtle Conservation - Captiva Style' by Mr. Charles R. I-eBuff, Ir.,
of Caretta Research, Inc. 190.

Table 2l

Sea Turtle Nesting Data
For

Sanibel Island
(l 1.5 miles)

Compiled from: 'Lee County Beach Management Plan Environmental Analysis" by
Continental Shelf Associates, Inc. March 30, 1987. p. 14.

Nourished
1988

1989r. 1990

Nests 26 12 39 73

False
Crawls

45 2t 67 Not
Available

85

% Nesting
Success

36.6 36.4 39.6 Not
Available

46.2

t979 1980 1981 1982 1985

Nests 86 65 1') 10 92 134 128

False
Crawls

Not
Available

15 32 30 28 Not
Available

Vo

Nesting
Success

Not
Available

69.2 70 76.7 Not
Available

68.8
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r983 1984
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The last two estuarine communities found within Pine Island Sound include the salt
marshes and oyster beds. Salt marsh plants such as black needlerush (Iuncus
roemerianus) and cordgrass (SDaSina altemiflora) are also found along portions of the
undeveloped estuarine shoreline. Oyster (Qgggpg63 virginica) bars are commonly
found throughout the sound, especially near freshwater sources (Continental Shelf
Associates, Inc., 1987). Figure 30 delineates the estuarine habitats adjacent to Blind
Pass.

Both Clam Pass Bayou and Old Blind Pass are bordered to the west by a narrow,
sparsely vegetated strip of sand. The vegetation along this strip of sand includes sea

pursliane, salt grass, Panicum sp., seashore dropseed, railroad vine and Australian pines.
Numerous terns, gulls, pelicans and other shore and wading birds forage and rest on the
sand west of Clam Pass Bayou and Old Blind Pass.

The dominant vegetation on the island which divides these two bodies of water includes
buttonwood, and red, black and white mangroves. In addition, several sea grape,
Australian pines and Joe wood (Jaqt4ia keyensis) are also present.

D. Nearshore Gulf of Mexico

Based on aerial photographs and field investigations, no significant hardbottom
formations exist in proximity to Blind Pass. The gulf floor surrounding Blind Pass
consists of unconsolidated sediments, primarily sand.

The nearshore Gulf of Mexico resource classification includes biotic communities mainly
associated with two zones: littoral (intertidal) and sublittoral (offshore). The littoral, or
intertidal, zone is inhabited by several species of polychaete worms, sand bugs, isopods,
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These mangroves dso act as a nunrcry habitat for a wide variety of marine and estuarine
fishes and invertebrates.

Other estaurine waters within the study area include Clam Pass Bayou and Old Blind
Pass (Figure 30). l,ocat€d south of Blind Pass, these estaurine waters are not locat€d
within the Pine Island Sound Aquatic Preserve @rooks, personal communication). At
present, Clam Pass Bayou is directly connected to the Gulf of Mexico by way of a

narrow tidal entrance. Old Blind Pass, on the other hand, is not directly connected to
the Gulf, but is indirectly flushed through Clam Pass Bayou.

Both Clam Pass Bayou and Old Blind Pass provide habitat for a variety of eshrarine and
estaurine-oceanic species. Vegetation along the undeveloped shoreline is dominated by
red, white and black mangroves. Based on limited field investigations, the aquatic
vegetation within the bayou and old pass consists of detached and attached algae. Several
species of fishes and invertebrates spend all or a portion of thek lives within the bayou
and old pass. And finally, wading and shorebirds forage on the invertebrates and fishes
within Clam Pass Bayou and Old Blind Pass.



amphipods. Large numbers of wedge shells, mole crabs and coquina clams are also
found in the intertidal zone. On the other hand, the sublittoral, or offshore, zone
contains the largest variety of species. Organisms common to the sublittoral zone include
sand dollars, sea urchins, scallops and other pelecypod mollusls, sea hairs, spider crabs,
hermit crabs, and various species of shrimps and mollusks.

The coastal waters offshore of Captiva and Sanibel islands also contain a variety of
commercial and sport fishes. The major species, in addition !o those previously listed,
include king mackerel (Sconberonorus cavalla), Spanish mackerel GseonbcrsloQrut
maculatus) and little tunny (Eulh]'nflut alletterarus) (USACE, 1978). A review of recent
marine fisheries annual landing summaries indicates that significant commercial fisheries
for mullet, red grouper, spotted sea trout, blue crab and pink shrimp exist in I-ee County
(DNR, 1990). Although some commercially valuable fishes do frequent the waters
adjacent to the study area, commercial fisheries in the vicinity of Blind Pass are generally
limited to seasonal mullet fisheries (Listowski, personal communication). No lnown
commercial concentrations of scallops or shrimp exist in the immediate project area
(Listowski, personal communication).

E. Endangered Species

A list of the endangered, threatened, rare or qpecies of special concem which are
reported to occur in the vicinity of Blind Pass is presented in Table 23. Additional
threatened, endangered or rare species which are reported tLo occur in the waters adjacent
to Blhd Pass include the Atlantic bottlenosed dolphin, short-finned pilot whale, right
whale, blue whale, sei whale, fin whale, humpback whale and sperm whale.
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The offshore gulf waters also provide habitat for adult and juvenile fishes (Iable 22).
Estuarine{ependent species which use the offshore and pass waters for spawning include
red drum (Sciaenoos ocellatus). smtted seatrout (Cvnoscion nebulosus). snook

GenAonogus undecimalis), Atlantic ooaker Mcropogonias undulatus), southern
flounder @aralichthys b$e$ig!qa), Florida pompano Clncttno$s carolinus), striped
mullet Mugil cephalus), Gulf menhaden (Brflqgdia patraru$, tarpon (Megalops
atlanticus) and bonefistr (Albula wlpes) (Continenal Shelf Associates, Inc. , 1987). Reef
fishes in the area include red grouper (Epineohelus !09da), jewfish @pinephelus iteiara),
gag grouper (Myceteroperca microlepis), scamp (Mycteroperca ohenax), red snapper
(Lutjanus campechanus) and mangrove snapper (Lutjanus griseus) (Continental Shelf
Associates, Inc., 1987).



Table 22

Fish Species Reported to Occur
in the Vicinity of Blind Pass

Scientific Name Common

Ginglymostoma cirratum
Carcharhinus limbatus
Sphyma tiburo
Rhinobatos lentiginosus
Narcine brasiliensis
B4ig eglanteria
Dasyatis so.
Dasvatis savi
Gymnura micrura
Aetobatus narinari
Rhinoptera bonasus
Elops saurus
Brevoortia sp.
Etrumeus teres
Ooisthonema oglinum
Harengula iaguana
Sardinella aurita
Anchoa hepsetus
Anchoa mitchilli
Synodus foetens
Bagre marinus
Hyporhamphus unifasciatus
Stronsvlura marina
Tylosurus crocodilus
Membras martinica
Menidia sp.

Hippocampus erectus
Centropomus undecimalus
Pomatomus saltatrix
Rachycentron canadum
Caranx hippos
Chloroscombrus chrysurus
Oligoplites saurus
Selene vomer
Trachinofus carolinus
Trachinotus falcatus
Decaoturus punctatus

Eucinostomus sp.

nurse shark
blacktip shark
bonnethead shark
Atlantic guitarfish
lesser electric ray
cleamose skate

stingray
bluntnose stingray
smooth butterfly ray
spotted eagle ray
cownose ray
ladyfish
menhaden
round herring
Atlantic thread herring
scaled sardine
Spanish sardine
striped anchovy
bay achovy
inshore lizardfish
gafftopsail catfish
halfbeak
Atlantic needlefish
houndfish
rough silverside
silverside
lined sealorse
snook
bluefish
cobia
crevalle jack
Atlantic bumper
leatherjacket
lmkdown
pompano
permit
round scad

mojarra
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Table 22

Fish Species Reported to Occur
in the Vicinity of Blind Pass

(continued)

Scientific Name Common Name

I:godon rhomboides
Archosargus prqbateefl bdut
Cynosion arenarius
I-eiostomus xanthurus
Menticirrhus littoralis
Menticirrhus saxatilis
Pogonias cromis
Chaetodipterus faber
Mugil ceohalus
Mugil curema
Scomberomorus cavalla
Scomberomorus maculatus
Peprilus alepidotus
Paralichthys albigutta
Chilomvcterus schoeofi

pinfish
sheepshead

sand seatrout
spot
gulf kingfish
northem kingfish
black drum
Atlantic spadefish
striped mullet
white mullet
king mackerel
Spanish mackerel
harvestfish
gulf flounder
striped burrfish

Source: Phillips, T.D., and I. M. Sprinkel, Mote Marine Laboratory, 1989.
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List of Endangered, Thrcatened, Rarc or
Specias of Special Concem which are

Reported to Occur in the Vicinity
of Blind Pass

Common Name Scientific Name
Status
FGFWFC

Status
USFWS

BIRDS

Arctic peregrine falcon
Brown pelican
Bald eagle
American oystercatcher
Least tem
Reddish egret
Roseate spoonbill
Little blue heron
Snowy egret
Louisiana heron
Wood stork
Grasshopper sparrow
Marsh wren
Piping plover
Sandhill crane

REPTILES

Atlantic gre€n turtle
Atlantic hawksbill turtle
Atlantic ridley turtle
Atlantic loggerhead turtle
katherback turtle
American alligator
American crocodile
Eastern indigo snake

MAMMAI^S

West Indian manatee
Sanibel Island rice rat
Florida mouse

Falco peregriur tundrius
Pelecanus occidentalis
Haliaeetus leucocephalus
Haematopus pdliatrs
Stema antillarum
Egretta rufescens
Ajaia ajqja
Egretta caerulea
Egrena thula
Egretta tricolor
Mycteria americana
Ammondramus vlvannarum
Cistothorus pdustrS
Charadrius melodus
Grus canadensis platrDsts

Chelonia mydas mydas
Eretmochelys imbricata imbricata
Lepidochelys kemoi
Caretta caretta
Dermochelvs coriacea
Alligator mississippiensis
Crocodvlus acutus
Drymarchon coracis couperi

Trichechus manatus latirostris
Oryzomys palustris sanibeli
Podomys floridanus

E
ssc
T
ssc
T
SSC
SSC
SSC
ssc
ssc

E
SSC
SSC

T

E

E
E

T

E
E
ssc
T
T

E
E
E
T
E
ssc
E
T

S( A)

E
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Table 23

E
E
E
T
E
T
E
T



Common Name

Table 23

List of Endangered, Threatened, Rare or
Species of Special Concern which are

Reported !o Occur in the Vicinity
of Blind Pass
(Continued)

Scientific Name FGFWFC USFWS

FISHES

Common snook Centropomus undecimalis ssc

T = Threatened
SSC : Species of special concem
E = Endangered
T (S/A) = Threatened due to similarity of appearance

Compiled From: Florida Game and Fresh Water Fish Commission. Offrcial Lists of
Endangered and Potentially Endangered Fauna & Flora in Florida. I April
1991. D.A. Woods, compiler. 23pe.

Emerson, K.C., ed. Check-list of Birds for the Area of Sanibel, Captiva
and Adjacent Islands. Published by Sanibel - Captiva Audubon Society,
Sanibel - Captiva Conservation Foundation, and Ding Darling Wildlife
Society. 1984. 2pg.

J. N. "Ding" Darling National Wildlife Refi:ge - Mammal List. I pg.
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Alternatives are evaluated as to technical feasibility and environmentat permittability. The
effects on the Clam Pass Bayou system (currently open) are discussed.

Altematives:

A. Close the Inlet.

l. Remove the jetty.

This alternative involves the removal of the 1988 jetty extension and the 1972
jetty constructed by the County on the north side of Blind Pass. This would
allow nature to move sand from Tirrner Beach into Blind Pass. Blind Pass should
close over a period of weeks or months. The south end of Captiva will recede

until a new equilibrium shoreline is established (Figure 31).

During slorms, it is expected that some sand will be overwashed at the Blind Pass

bridge area and result in sand lost from the active littoral zone. There is also the
possibility that a storm could reopen Blind Pass in the future. If beach erosion
is severe, the north end of the bridge could be undermined. The cost of this
alternative involves the removal of all rock and filter fabric associated with the
jetty. The cost is estimated at $473,000. The annual cost over the project life
is $18,000 per year. Because this alternative would threaten the road and bridge
and fails to maintain water quality within Blind Pass, this altemative is not
recommended.

2. Remove the jetU and fill the inlet.

This alternative is similar to alternative I in that the 1988 jetty extension and
1972 jetty are removed. Blind Pass is then intentionally closed and protected by
constructing a rock revetment in front of the bridge. Initial closure of the pass

would be accomplished by driving a temporary sheet pile wall to intemrpt the
flow while a sand core and the rock revetment are construct€d (Figure 32). Sand

will erode off of Tirrner Beach which will result in the loss of public beach area

and deposit on Sanibel.

The advantage of this option over Alternative I is that by creating a rock
revetment in front of the bridge, loss of sand from the littoral system by
overwash is prevented and the bridge itself will be protected. The initial cost of
this altemative is $879,000. The annual cost of this alternative is $34,000 over
the life of the project, While this option will bypass the full amount of littoral
drift to Sanibel, water quality problems may result in Blind Pass and a public
beach will be eroded. The north bridge approach would become wlnerable to
storm impact as the sand north of the pass would erode. The storm evacuation
route from Captiva Island would be threatened by this option. Therefore, this
altemative is not recommended.
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INTRODUCTION

This section of the management plan involves the evaluation of engineering alternatives that
achieve the goals listed on page 1. The design of alfematives is preliminary and sufficient !o
develop an estimate of the cost of each alternative. The cost estimates include contingencies and
engineering costs. For purpose of comparison, each altematives' costs are allualized over a
50 year project life. Annualized costs iue determined using an interest rate of 3 %. Advantages
and disadvantages of each system and their impact of the inlet-beach system are discussed.

The alternatives that are considered are classified as either relating to closing Blind Pass or sand

bypassing (as required by the State format). The altematives are described in detail in the
following sections. The alternatives are:

A. Close the Inlet.

Remove the jetty.
Remove the jetty and filI the inlet.

B. Inlet Blpassing Systems.

la. Beach nourishment of northem Sadbel.
lb. Beach nourishment with maintenance on Captiva Island's renourishment

schedule.
2. Restore northem Sanibel and stabilize with groin field.
3. Restore northern Sanibel, remove the jetty extension and place extra filI

on Captiva Island, renourish Captiva and northern Sanibel together.
4. Restore northern Sanibel and overfill South Captiva Island.
5. South jetty and beach nourishment on Northem Sanibel.
6. Purchase homes and reroute road.
7. Purchase homes and revet road.
8. Dredge the flood shoal.
9, No action.
10. County builds road protective revetment (1992), maintain beach on north

Sanibel (1800 ft.) (1993), and renourish with Captiva project.
ll. Beach nourishment and segmented offshore breakwater.

Mobile jet pump system.
Jet pump in ebb shoal with fluidizer collector.
Restore northem Sanibel, maintain with dewatering system.

1
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IV. ENGINEERINGALTERNATIVES

C. Experimental Systems
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B Inlet Bypassing Systems

1.a. Beach Nourishment of Northern Sanibel.

This alternative involves the restoration of the beach along 3,600 feet of northern
Sanibel (Figure 33). Fill would be placed in order to realign the shoreline
between the pass and the beach south of Clam Bayou. It is estimated that
320,000 cubic yards of sand would be required !o widen the beach an average of
130 feet. In addition, six years of advanced nourishment would be placed in
order to protect the restored beach. The erosion rate of the project would be on
the order of 35,000 cylyr; 210,000 cubic yards would be placed as advanced
nourishment.

A gap would be left in the fill in the vicinity of Clam Pass Bayou to allow for
intermittent flushing of the water in the pass. It is likely that this gap will fill in
with sand and reopen only after storm action. This is consistent with the
historical performance of Clam Pass Bayou.

The total initial cost of this altemative is M,655,000. The annual cost (@ 3%
interest) including maintenance nourishments at six year intervals is $504,000.

l.b. Beach Nourishment with Maintenance on Caotiva Island's Renourishment
Schedule

This altemative contains the same components as alternative la. with the
following exceptions. The volume of the initial advanced nourishment is reduced
from six years to only three years. The placement of future advanced fill at
northern Sanibel is then scheduled to coincide with the Captiva Island
restorations. This reduces costs because sepante mobilization charges are not
incurred. The initial cost of this alternative is $3,858,000 and the annual project
cost is $402,000. This represents a significant drop in annual cost if the dredging
is scheduled to coincide with Captiva's renourishment.

2. Restore Northem Sanibel and Stabilize with Groin Field

This alternative involves the construction of three rubble mound groins along the
road section of northern Sanibel (Figure 34). The groins are of variable length
and would hold the same design shoreline that was assumed in the preceding
altematives. The groins would eliminate the need for advance fill.

No fill is placed south of the groins. As a result, Clam Bayou should remain
open and the beach adjac€nt to Clam Bayou will continue to overwash.
Signifrcant changes in the shoreline south of the groin field could be expected.
Unlike the other alternatives, this alternative attempts to protect a limited section
of beach. Due to continued overwash, additional erosion may be experienced
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The rubble mound groin design and cost estimates are based on the costs of the
1988 terminal groin extension. It is estimated that 140,000 cubic yards of sa.nd

would be needed to initially fill the groins. The initial cost of this alternative is
$3,985,000. The annual cost of this alternative (@ 3% :tilterrust) is $171,000.

Restore Northern Sanibel. Remove the Jetty Extension and Place Extra Fill on
Caotiva Island. and Renourish Caotiva and Northern Sanibel Together

Under this option, the northern 1800 feet of beach on Sanibel would be restored
in 1993 with 160,000 cubic yards (half of quantity placed in B.l.a.) of sand at
the same time the 100 foot groin extension was removed from Blind Pass
(Figure 35). When fill is placed on Sanibel, sand would also be placed on the
southem beaches of Captiva Island to compensate for high erosion rates expected
there.

When the groin is flrst removed, the beach adjacent to the groin would retreat by
100 feet in the fust few months, wifi the beach losing about 30,000 cubic yards
of sand. Subsequent losses of sand would be about 15,000 cubic yards/year
higher than current rates. If we assume Captiva will be renourished in 1996, then
the placement of sand on southern Captiva should be 75,000 cubic yards in 1993

to compensate for expected excess erosion before renourishment.

In 1996, both Captiva and Sanibel would be renourished. To account for
expected losses at Blind Pass, an extra 90,000 cubic yards would be placed on
Captiva (over and above expected renourishment quantities of 600,000 c.y.).
Nourishment quantities on Sanibel would be 180,000 cubic yards in 1996,
150,000 cubic yards n 2N2, and 120,000 cubic yards every 6 years thereafter.
This is because Sanibel is expected to erode initially at a rate of 45,000 cubic
yards/year less increased sand tansfer from Captiva Island. If we subtract the
15,000 cubic yards increased sand coming from Captiva, we get 30,000 cy./yr.
erosion rate on north Sanibel for 6 years, or 180,000. In the next 6 years,

erosion is reduced to 40,000 c.y./yr., reducing nourishment to 150,000 c.y.
Erosion will decrease to 35,000 c.y. thereafter, the same quantity as the longer
project.

The initial cost of this option is $3,346,000. The annual cost at 3% interest
would be $405,000.

Under this program the southem beaches of Captiva Island would lose all of the
nourishment sand before the next nourishment. The county park at Turner Beach
would be eroded during the end of the nourishment period. The approach road
north of the Blind Pass bridge would be wlnerable to damage in a major storm.
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along the developed section of Sanibel. A fourth groin would be constructed, if
needed, in project year five.





Northern Sanibel would erode at a slower rate and provide more protection to the
evacuation route. The road would be vulnerable to storm damage at the end of
the nourishment interval.

More sand would move into Blind Pass annually without the jetty extension.
Blind Pass would be less stable than conditions that prevailed before 1988 and
have more of a tendency !o close and remain closed for longer periods of time.

Because this option does not meet the goals of erosion control or evacuation route
prot€ction, or Blind Pass stability, it is not recommended.

4. Restore Northern Saribel and Oveffill South Captiva Island

This alternative is a variation of Alternative B.l.b. The northem end of Sanibel
is restored for a distance of 3,600 feet with 320,000 cubic yards of sand. The
difference in this alternative is that the 210,000 cubic yards of advanced
nourishment are placed on southern Captiva as a feedq beach. The altemative
has the advantages of increasing sand bypass from Captiva Island while
maintaining a wide protective beach at Tirmer Beach.

Potential disadvantages include the possibility of destabilizing Blind Pass with
sand from the feeder beach. The other disadvantage is that the advanced
nourishment is not placed directly to protect the restored beach. Since a delay
could occur because the ebb shoal may store sand prior to bypassing, some of the
restored Sanibel beach may periodically erde. This would not be unli-ke the
historical performance of the northern Sanibel beaches. The initial cost of this
altemative is the same as B.l.b., $3,858,000. The annual cost of this alternative
is $402,000 (@ 3% interest).

This alternative includes the components of alternative B.l.b. and also includes
the construction of a south jetty at Blind Pass (Figure 36). One purpose of the
jetty would be to improve the inlet stabitty by reducing the amount of drift into
Blind Pass from the south. A second purpose of the jetty would be to better
direct currents in the vicinity of the pass. This would cause the sand bypass
along the ebb shoal to be better behaved. Sand would move along a better
defined ebb shoal as opposed to cyclical build-up and subsequent attachment of
the shoal to the beach. The beach at Sanibel would be restored and renourished
at a regular interval. The initial cost of this altemative is $5,195,000. The
annual project cost is $453,000.
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5. South JetU ard Beach Nourishment on Northern Sanibel

The south jetty would provide betier protection for the road as it would moderate
the cyclical nature of the erosior/accretion patterns to the inlet and provide for
a more stable beach configuration.





The ebb shoal would initially move further offshore as a result of the better
directed currents. Sand would temporarily reside in the ebb shoal before it
bypassed the inlet, potentially causing erosion of the beach.

The amount of sand needed to nourish the northern Sanibel beaches would not be
significantly reduced by the south jetty. Studies have indicated that very little
sand is currently entering the inlet.

6. Purchase Homes and Reroute Road

This alternative consists of purchasing the homes that are in most danger of storm
damage or undermining and rerouting S.R. 867 to the east (Figure 37). This is
a retreat type of option and involves allowing nature to continue to erode the
shoreline.

For the optimal engineering solution, the cost of purchasing 4 homes on 7 parcels

is in excess of $2,300,000. This figure is used to calculate the cost of this
altemative. This cost includes the purchase and removal of the existing
structures.

The cost of rerouting the road is approximately $625,000. This includes the
repaving of a two lane road for a length of approximately one half mile
@igure 37). Since telephone, electric and water utilities run parallel to the
existing road, they will have to be relocated as well. The utility cost accounts for
an estimated $125,000 of the road relocation cost. The cost for this component
of this altemative is preliminary and may increase depending on how much land,
right of way, or easement is necessary.

7. Purchase Homes and Revet Road

This alternative involves the purchase of the homes and construction of a

revetment adjacent to S.R. 867 (Figure 38). This alternative has the advantage
over rerouting the road because a fewer number of people are impacted. The
revetment is to be built along 800 feet of road. As this solution does not mitigate
the littoral drift deficit, additional sections of revetment may need to be added.
For cost estimating purposes, an additional 100 feet of revetment is assumed to
be constructed every five years until project year 10.
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The total initial cost of this option is $3,493,000. The annualize<l cnst at 3%
interest is $136,000 per year. This option allows the ongoing erosion problem
to continue and the erosion would evenhrally get back to portions of the rerouted
road and again threaten the access road. For this rearcn, this option, by itself,
is not recommended. A less extensive purchase, which is the desire of local
interests (Sanibel City Manager communications 12 March 1992), n combination
with other altematives is discussed in the recommended plan.







The initial cost of this alternative, including buying the houseVcottages is

$3,715,000. The annual cost for this alternative is $152,000. The cost of
removing abandoned shore protection structures is not included in the above
estimates.

8. Dredge Flood Shoal

The disadvantage of this alternative is that dredging the shoal would be difficult.
A small dredge would have to enter from Pine Island Sound in order to reach the

site along the shallow channel. Environmental constraints, such as adjacent sea

grass beds and nesting bird considerations, will probably make this altemative
unpermittable by the state agencies. This altemative is not recommended.

9. No Action

This alternative is included for comparison with the other plans. Continued
erosion of northem Sanibel is expected to continue. Additional hardening of the
shoreline may be undertaken by private property owners. Clam Bayou will
probably stay open due to the small supply of available sand. The overwash
processes in the viciniry of Blind Pass are expect€d to continue. This option does
not achieve the sand bypassing and erosion control goals. There is no
construction cost associated with this alternative, but it is not recommended.

10. County Builds Road Protective Revetment. Maintain beach on North Sanibel
(1800 ft). Renourish with Captiva Project.

This altemative is a storm protection plan for the evacuation route (Figure 40).
Initially, the County will build an 800 foot road protective revetment; 135,000
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Discussions with I-ee County Department of Transportation and their consultants
indicate that plans to revet the road have been deleted from their construction
plans to raise the approaches. The reason given was the difficulty to permit
revetments with the State and their concern about anti-shorc hardening policies
of the City of Sanibel. It may be possible for the County to re-include the
revetment as part of a comprehensive approach to inlet management.

This alternative involves dredging available sand from the flood shoal of Blind
Pass and placing it on the beach (Figure 39). According to CPE (1990), the
flood shoal contains approximately 60,000 cubic yards of beach compatible sand.

Both Dr. Mehta and Dr. Dean indicate that shoaling may be taking place along
the inlet channel all the way back to Pine Island Sound. Additional material may
be available from these areas. Dr. Mehta also feels that dredging a wider channel

would make the inlet more stable and improve natural sand bypassing over time.
The initial cost of this alternative is $379,500. The annualizecl project cost is
$20,000.
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cubic yards of sand (3 years of advanced fill) will then be placed in 1993 on the
beach along the northern 1800 feet of Sanibel. Additional filI will be placed at
six year intervals beginning in 1996 !o make up for losses occurring between fill
replacement.

It is estimated that the initie'l elosisl rate will be 45,000 cylyr. As the fill
spreads, the erosion rate should reduce to 35,000 cylyr.

This option is a storm prot€ction option. Conditions are not allowed to get worse
than present day. Storm protection is provided to the road by a revetment.
Property owners provide their own storm protection.

This altemative is combined with the construction of an initiel revetment fronting
the threatened road sections. The initial cost of this alternative is $2,669,000.
The annual cost over the project life is $381,000 based on the projected erosion
rates.

1 1. Beach Nourishment and Segmented Offshore Breakwater

This altemative consists of constructing five (5) emergent breakwaters along 2000
feet of northern Sanibel. Approximately 160,000 cubic yards of sand would be
placed on the beach to restore the shoreline. The goal of this alternative is to
reduce the wave energy reaching the shoreline, thus reducing the erosion of the
develo@ shoreline. No modifications to Clam Bayou inlet or to the beach south
of Clam Bayou are included in this altemative.

The schematic layout of this alternative is shown in Figure 41. The breakwater
placement was developed using the guidelines of Dally and Pope (1986). The
breakwaters are 200 foot long segments with 150 foot gaps and are located
approximately 400 feet offshore. The configuration should prevent tombolo
formation which would intemrpt the littoral drift. Detailed engineering, including
computer shoreline modeling is required to optimize the placement and size of the
breakwaters.

Based on the preliminary design, the initial cost of the breakwaters and initial fill
is $5,768,000. The annual cost of this alternative al 3% ntere,st is $218,000.
This does not include any future renourishment of the beach which may be
necessary.

A potential drawback to this alternative is the impact to the natural ebb shoal
bypassing. As sand accumulates in the ebb shoal, some sand will be naturally
bypassed along the bar back to the downdrift beach. With the presence of the
breakwaters, the natural bypassing may be disrupted. A second disadvantage
would be the transfer of erosion ftom the develo@ section of coast to the
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undeveloped section. Further analysis is required in order to understand the
impacts to the littoral drift system.

C. Experimental Systems

1. Mobile Iet Pump System

This system is intended to mechanically bypass sand from the south end of
Captiva Island !o the northern end of Sanibel. The system consists ofajetpump
mounted on a crane connected !o a pipe which crosses Blind Pass and discharges
the sand approximately 2,000 feet south of Blind Pass (Figure 42). The project
includes an initial restoration of Northern Sanibel involving 160,000 cubic yards
of fill and 135,000 cubic yards of advanced fill.

The advantage of this system is that the jet pump is mobile; therefore, more sand

is available !o be transferred to the downdrift beach. The system would operate
only when there is sufficient sand available.

The system would increase erosion of the Captiva Project by 15,000 c.y./yr.
This sand would be replaced on Captiva every six years. Northem Sanibel would
erode at a rate of 30,000 cubic yards/year, which would also be replaced every
six years.

Several disadvantages to the system exist in this application. The crane would be

operating near the water line in Turner Beach Park. This would disrupt the
activities on one of the two public beaches on the island. Due to the limited
littoral drift on the island, the system would not run continuously. As a result,
the owners of the system would have to find employees to work part time. The
jet pump would have !o be oversized in order to bypass the large shell component
of Captiva's beach. Although this is not a significant problem, the use of jet
pumps to bypass shelly sand has been limited.

The initial cost of the system is estimated to be $4,036,000. Annual operating
costs \ hich include fuel, materials, maintenance, component replacement, and
labor are $200,000. The total alllrral s6s[ of this system (@ 3% interest) over
a 50 year life is $654,000 per year.

Due to the impact on the use of the public beach and high annual costs, the
system is not recommended for use at Blind Pass.
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There is no advant'ge to this system, since the same quantities of fill would need
to be placed as without the system. The purchase and maintenance of the system
would increase the cost.





2. Jet Pump in Ebb Shoal with Fluidizer Collector

This system of bypassing sand to Sanibel Island is similar to the previous jet
pump system except that the jet pump is not mobile. The jet pump is placed on
the ebb shoal where sand has been found to accumulate. In order to expand the
area in which the pump can capture sand, a system of fluidizing pipes is installed
to move sand to the jet pump (Figure 43). The fluidizing pipes operate by having
water pump through them and out small jet ports. The water exiting the ports
liquifies the sand and allows gravity to move the liquef,ed material to the jet
pump for transfer.

While the system is technically feasible, the only operating system in use is in
Oceanside Harbor, California. It is operated by the Corps of Engineers and is
considered experimental. A drawback to this system at Blind Pass is that by
operating the system, the natural bypassing of the shoal @ar) would be
interrupted. kritially, the shoal would be removed; therefore, less fiIl volume
would be required on Sanibel than for the previous option. Since the ebb shoal
does not store significant quantities of sand, most of the sand is naturally
bypassed to Sanibel. Renourishment quantities would remain the same.
Therefore, it does not appear to be warranted to implement this system.

The initial cost of the system including the fust year operation is $1.27 million.
Annual operation and maintenance will be approximately $200,000 per year. The
total annual cost of this system (at 3% interesQ is $618,000 per year.

3. Restore Northern Sanibel. Maintain with Dewatering System

This experimental altemative involves the placement of sand on the northem
section of Sanibel (north of Clam Bayou) and maintaining the restored beach with
a beach dewatering system (Figure 44). Beach dewatering iavolves the lowering
of the water table within the beach in order to slow or reverse the erosion
process. This experimental system has been installed at Sailfrsh Point, Florida
on a beach that is semi-protected by an offshore reef.

The dewatering system consists of a series of pipes buried within the beach that
are connected to a pump. The pump draws water from within the beach and
discharges the water offshore. The pump would run on a regular basis in order
to maintain the beach. Annual maintenance to the pump is required.

The DNR considers these dewatering systems experimental and may require that
ongoing tests at Fort Pierce be completed before a second experiment is
undertaken (Clark letter, November 14, 1991). Additionally, a successful
dewatering system would cause erosion of the downdrift beach.
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The initial cost of the sand system is $2,786,m0. The annualized project cost at
3% interest is $134,000. Of the experimental altematives, this option appears to
hold the most promise.

Tables 24 and 25 show a comparison of the inlet management alternatives.
Technical feasibility, permitability, cost, bypassing, mitigation, inlet impacts,
environmental concems, road protection and funding are addressed. The
recommended plan will be a composite of the best features of the individual
alternatives.
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V. SAND SOURCES

A number of potential sources of sand should be investigated for the construction of the beach
nourishment portion of the inlet management plan. These sources include offshore material as

well as inland borrow material and portions of the flood tidal shoal of Blind Pass.

Intensive offshore investigations were performed by the Captiva Erosion Prevention District in
1990 and 1991 to locate offshore sand sources for the Captiva nourishment project. A number
of borrow sources were identified which could be used to nourish the beaches of Captiva Island.
For the 1996 project, a borrow area has been selected which sis directly offshore from Captiva
Island (approximately 5 miles offshore). This area has been identified as the westem borrow
area or Site Itr. It contains about 1.9 million cubic yards of sand with a grain size of 0.34 mm
and a silt content of 3.5%.

Portions of the historic Blind Pass ebb tidal shoal had been identified in preliminary
investigations in the CEPD study. However, vibracores were not taken in that area. This ebb
shoal is situated seaward of the northern mile of Sanibel Island. To implement the Blind Pass

Inlet Management Plan it would be appropriate to do further investigations of the sand in the
historic ebb shoal of Blind Pass.

Approximately 65,000 cubic yards have been identified within the flood shoals inside Blind Pass.

There is concem that this material has significant coverage of s€a$ass and provides feeding
areas for aquatic birds. Shce the amount of sand in this flood shoal is limited, and because of
the potential environmental problems, the flood shoal sand is not identified as a viable sand
source for the first nourishment prcject. It is possible, however, in the future if continued
shoaling occurs within the inlet that some limited dredging could be approved to supplement
beach nourishment quantities from an alternate source.

Inland sand sources are available which can be used by trucking sand across the causeway.
Highly desirable beach nourishment sand is located at Ortona. There a coarse grained borrow
pit has been mined which has low silt quantities. Sand from this pit has been used by the Ire
County Department of Transportation during periods of high erosion on Captiva Island to protect
portions of the road there. The cost of this material, however, is high, from $15 to $20 per
yard in place. It may not represent an economically viable borrow source for that reason.

An engineering study of potential borrow sources is needed to implement the Blind Pass Inlet
Management Plan. The study should include offshore investigations in the historic ebb tidal
shoal of Blind Pass. Secondarily, the search should be extended further offshore to include
sections where sand waves may be located. These investigations should focus on zones that are
of the same distance offshore as where good quality sand was found off of Captiva Island. The
results of these investigations should be compared with using inland borrow sources to
accomplish the beach nourishment.
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FIGUBE 45

BL]ND PASS TNLET MANAGEMENT PLAN

POTENTIAL BORROW AREAS

COASTAL PLANNING & ENGINEERING. INC. .ECCA RATON ' SAFTASOTA ' JACKSONVTLLE

I19

AP|IUA PASS

,y
NORTH CA PTIVA IS LANO

REOFISH
PASS

s
\<\Jo

c;E
g

CAPTIVA ISLAND
BORROW AREAS

s
\

/ II I APTIVA
!
e-@ IJ IS LANO

1996 CAPTIVA

s,
q\

BORROW AREA

SLINO PASS

BLIND PASS

FLOOD SHOAL

D

HISTORIC EBB SHOAL

STUDY AREA

GULF
OF

MEXICO

,t4 I
SANIEEL ISLAND

p

B

I

WESTERN (SANO WAVE)

STUDY AREA



VI. ENVIRONMENTALANALYSIS

A. Inlet Closure

Closure of the inlet could adversely affect the surrounding environment. Closing the
inlet may result in some stagnation of the surrounding estuarine waters. Water quality
and dissolved oxygen concentrations of the estuarine waters adjacent to the pass may
decrease as a result of inlet closurc. Organisms immediately adjacent to Blind Pass
which rely on tidal inlet currents to provide food or other nutrients, or to remove
pollutants, may perish. Migratory estuarine-oceanic species, such as seatrout and the
common snook, would be denied ready access to estuarine nursery grounds or oceanic
spawning sites.

B. Bypassing Systems

Many of the proposed sand bypassing alternatives involve the placement of sand from a
borrow site onto the beach. If implemented, these alternatives would have similar
impacts on the surrounding environment. A majority of these impacts are expected to
be minimal, temporary, or can be minimized by using specific procedures. These
impacts will be discussed as a group in the following paragraphs. Environmental impacts
which are specific to a given altemative are discussed later.

All the proposed sand bypassing altematives which involve the placement of sand on the
beach will have both positive and negative environmental impacts. Depending upon the
quantity of the sand used, sand placement would either help maintain, or would greatiy
increase, the amount of available sea turtle nesting habitat. On the other hand, if sand
placement occurs during the sea turtle nestilg season, a sea turtle monitoring and nest
relocation program would be required by the Florida Department of Natural Resources,
the Florida Department of Environmental Regulation and the U.S. Fish and Wildlife
Service @lorida Statute 370.12, F.A.C. 168-41; Endangered Species Act of 1973; and
Futch, unpublished).

In addition to the quantity of sand placed on the beach, the quality of sand (silt/clay
content and sand grain size), could also affect the surrounding environment. Depending
upon the quality of the sand used, sand placement could result in increased turbidity in
the nearshore zone. However, if quality Qow silt/clay content), compatible sand is used,
any increases in turbidity should be temporary.

And finally, the placement of sand on the beach, especially that placed south of Blind
Pass, could ultimately result in increased, or permanent closure of the tidal entrance to
Clam Pass Bayou. Unless mitigated for, the permanent or increased closure of this tidal
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Placement of sand on the beach will also have a temporary, negative impact on the beach
infaunal community. Beach infauna will be buried by sand placement, but is expected
to quickly re-populate any affected areas (Nelson, 1985; Saunders, unpublished).
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channel would result in increased stagnation and isolation of both the bayou and Old
Blind Pass. As a result, both water quality and dissolved oxygen concentrations may
decrease, thereby negatively impacting fish and invertebrate nursery grounds, as well as

wading bird populations. Increased closure of the tidal channel would also limit the
access of migratory estuarine-oceanic species to their spawning and nursery grounds.
Any engineering alternatives which permanently close the tidal entrance to Clam Pass
Bayou may require mitigation in order to be permittable.

Those altematives which involve the dredging of sald from an ebb tidal shoal, flood
shoal, or offshore borrow area would also have some negative environmental impacts.
These impacts include the loss of benthic infauna at the dredge site (CSA, 1987; Bowen
and Marsh, 1988), as well as increased turbidity. Since infauna tend to quickly re-
populate disturbed areas (furbeville and Marsh, 1982; Nelson, 1985; Bowen and Marsh,
1988; Saunders, unpublished), the loss of benthic infauna is expected to be temporary.
On the other hand, increased nrrbidity at the dredge site may negatively affect
surounding seagrass beds or exposed hardbottom communities (CSA, 1984. Therefore,
it is recommended that dredge sites in proximity to seagrass beds, or within 400-500 feet
of hardbottom, be avoided.

A list of the specific environmental impacts associated with each of the proposed
alternatives is provided below.

In addition to those impacts associated with offshore dredging and subsequent
sand placement, the construction of a 3600 foot beach restoration project couid
result in the closure of the tidal entrance to Clam Pass Bayou.

2. Restore Northern Sanibel and Stabilize with Groin Field
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1. Beach Nourishment of Northern Sanibel

In addition to the impacts associated with the dredging of a borrow site and the
placement of sand on the beach, this alternative would have additional
environmental impacts associated with the construction of the groins.
Construction of the groins would result in the loss of infauna within the footprint
of the groins. However, this loss is not expected to adversely impact the
surrounding environment. On the other hand, if groin construction is to occur
during sea furtle nesting season, a sea turtle monitoring and nest relocation
program would have to be implemented to avoid the burial of, or mechanical
damage to, sea turtle nests (Florida Statute 370. 12; F.A.C. 168-41; Endangered
Species Act of 1973; and Futch, unpublished).



Restore Northem Sanibel. Remove letty Extension. Renourish Captiva and
Northem Sanibel Together

The removal of the jetty extension and renourishment of Captiva's south beach
could result in increased shoaling at the entrance to Blind Pass. Depending on
its severity, this shoaling could result in decreased tidal flushing of the estuary,
or in an extreme case, closure of the inlet. Any significant decrease in the tidal
flushing could result in the same environmental impacs Iisted in Section A,
'Close the Inlet". In addition, the restoration of northern Sanibel could result in
the closure of the tidal entrance to Clam Pass Bayou. The envi.ronmental impacts
associated with the dredging of a borrow site and the placement of sand on the
beach are also valid for this alternative.

The removal of the jetty extension would also have some environmental impact.
The jetty currently provides habiat and shelter for a variety of fishes and motile
invertebrates, as well as an attachment site for sessile invertebrates and algae.
The removal of the jetty extension would result in the loss of approximately 100
linear feet of habitat.

4. Restore Northern Sanibel and Overfill South Captiva Island

The construction of a feeder beach on South Captiva Island could result in
increased shoaling at the entrance to Blind Pass. If the shoaling does not
signif,cantly reduce the tidal flushing of the estuary, it will not adversely affect
the surrounding environment. However, if the shoaling does signifrcantly
decrease the tidal flushing through fte inlet, it could result in the same
environmenlal impacs listed in Section A, "Close the Inlet". In addition, the
restoration of northern Sanibel could result in the closure of the tidal entrance to
Clam Pass Bayou, The environmental impacts associated with the dredging of a
borrow site and sand placement are also valid for this alternative.

5. South Jetty and Beach Nourishment on Northern Sanibel

The addition of a jetty south of Blind Pass could provide additional habitat and
shelter for a variety of fishes and motile invertebrates, as well as an attachment
site for certain algae and sessile invertebrates. If jetty construction is to occur
during the sea turtle nesting season, however, a sea turde monitoring and nest
relocation program would have to be implemented for the construction area in
order to avoid mechanical damage to sea turtle nests @lorida Statute 370.12;
F.A.C. 168-41; Endangered Species Act of 1973; and Futch, unpublished). The
restoration of northem Sanibel could result in the closure of the tidal entrance to
Clam Pass Bayou. The environmental impacts associated with dredge sites and
sand placement are valid for this alternative.
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6. Purchase Homes and Reroute Road

By itself this dternative will have minimal environmental impact. However, if
it is not construct€d in conjunction with an erosion control alternative, the
continuing erosion will cause the same environmental impacts described in B.9,
the "no action" alternative.

7. Purchase Homes and Revet Road

8. Dredge Flood Shoal

The flood shoal is located within the Pine Island Sound Aquatic Preserve
(Lindblad, personal communication). Since is formation, the flood shoal has

become vegetated by a variety of grasses and herbs, including fringe rush

Gimbristylis spathacea), sea blite (SIBeda iinearis), sea purslane (Sesuvium
portulacastrum), saltwort (Bggig maritima), salt grass (Distichlis spicata) and
railroad vine (lpomoea pgs{agae), as well as red, black and white mangroves,
and buttonwoods. A variety of shorebirds and wading birds feed and rest on the
flood shoal (Lindblad, personal communication). Dredging the shoal would
eliminate this viable native plant community and bird habitat. In addition to the
loss of the shoal vegetation, turbidity caused by the dredging of the shoal could
adversely impact viable seagrrss beds located east of the shoal (CSA, 1987).
This alternative is not recommended for further consideration.

9. No Action
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By itself this alternative will have limited environmental impact. Construction of
the revetment would result in the loss of the few remaining mangroves adjacent
to the road. However, if this alternative is not constructed in conjunction with
an erosion control alternative, the continuing erosion will cause the same

environmental impacs described in B.9, the 'no action' alternative.

The "no action" alternative would have some significant environmental impacts.
If erosion downdrift of Blind Pass remains unchecked, it will eventually result in
the loss of much of the beach ecosystem. As a result, a majority of the available
sea turtle nesting habitat would be lost. Continued erosion of the beach could
also result in the loss of any remaining native upland vegetation or mangroves
located adjacent to the beach. And, although erosion would most likely increase
the stability of the inlet leading into Clam Pass Bayou and Old Blind Pass,

thereby increasing the tidal flushing of the bayou, the continuous erosion could
result in the loss of some of the ecologically important mangrove forest which
surrounds the bayou.



10. County Builds Revetment. Maintain Beach on Northem Sanibel. Renourish
with Caotiva Project

This altemative would have some negative impacts on the surrounding
environment. The construction of the revetment would result in the loss of the
few remaining mangroves adjacent to the road. Restoration of the beach could
result in the closure of the tidal entrance to Clam Pass Bayou. And finally, the
impacts associated with dredge and fill activities would also be valid for this
altemative.

11. Beach Nourishment and Segmented Offshore Breakwater

The construction of segmented breakwaters would have both positive and negative
impacts to the surrounding environment. The construction of emergent
breakwaters could provide additional habitat and shelter for a variety of fishes and
motile invertebrates, as well as an attachment site for sessile invertebrates and
algae. Construction of the breakwaters would result in the loss of infauna within
the footprint of the breakwaters. Nevertheless, this loss is not expected to
significantly affect the surrounding environment. If breakwater construction is
scheduled to occur during the sea turtle nesting season, a sea turtle monitoring
and nest relocation program would have to be implemented for the construction
area so as to avoid mechanical damage to sea turtle nests (Florida Statute 370.12;
F.A.C. 168-41; Endangered Species Act of 1973; Futch, unpublished). The
environmental impacts associated with dredge sites and sand placement are also
valid for this alternative.

Experimental Systems

]. Mobile Iet Pumo

The environmental impacts caused by the jet pump system are expected to be
temporary, or may be minimized using specific procedures. A majority of these
environmental impacts will occur in the 500 feet of beach and nearshore north of
Blind Pass, and in the vicinity of the sand placement. The environmental impacts
associated with sand placement have been dircussed previously.

Beach and surfzone organisms in proximity to the crane and pipelines are
expected !o be negatively impacted by this alternative. Sea turtle nesthg along
the 500 feet of beach north of the inlet would also be affected by this altemative.
The implementation ofa sea turtle monitoring and nest relocation program for the
500 feet of beach north of the inlet would be required to prevent mechanical
damage to nests during the sea turtle nesting se:rson (Florida Statute 370.12;
F.A.C. 16B-41; Endangered Species Act of L973; Futch, unpublished).
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Construction of the deposition basin and operation of the jet pump is expected to
cause some tocalized turbidity. While the amount of turbidity wi depend upon
the silt/clay content and the sand grain size of the material dredged, normal gulf
tides and curents are expected to quickly dissipate any resulting turbidity. This
tempomry increase in turbidity is not expected to adversely affect the surrounding
sand bottom.

2. Jet Pumps in Ebb Shoal with Fluidizer

The environmenal impacs caused by this altemative are expected to be minimal
Although this alternative will increase the turbidity and sedimentation over the
ebb shoal, the impact to the surrounding sand habitat is expected to be minimal.
This alternative is not expected to adversely affect seagrasses within the sound.
The environmental impacts associated with the dredging of the shoal and sand
placement have been discussed previously.

3. Restore Northem Sanibel and Maintain with Dewatering System

The environmental impacts associated with dredge sites and sand placement are
valid for this altemative.

To date, only one dewatering system has been installed in Florida, the system at
Sailfish Point in Martin County. There are no known studies which document the
impact of the Sailfish Point system on the surrounding environment.
Nevertheless, some conc€rn has been expressed regarding the installation of a
dewatering system at Sanibel Island. Since dewatering systems are designed to
lower the v/ater table, their implementation may result in changes in the moisture
content of the surrounding substrafum. State environmental agencies have
expressed concern that the potential change in moisture content may reduce the
harching success of adjac€nt sea turtle nests. In addition, the effect of the
dewatering system on beach infauna has also been identified as an area of
concern.
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VII. COMPREHENSTVE INLET MANAGEMENT PLAN

The recommended plan for Blind Pass inlet management is a comprehensive plan addressing
storm protection, erosion control, mitigation, sand bypassing and (to a lesser extent) nayigation.
The plan is a composite of altematives designed !o meet physical requirements and local desires.
The recommended plan (Figure 46) consists of placement of 300,000 cubic yards of sand on
nortlern Sanibel to restore the shoreline, with periodic nourishment to replace expected losses.
A feeder beach is to be plac€d on southern Captiva to increase sand bypassing. Additionally,
overwash areas in Clam Pass Bayou and Old Blind Pass are to be mechanically pushed
westward, into a dune with the placed fi]I. An 800 foot revetment is to be constructed along the
road area most wlnerable to storm damage on northem Sanibel. Finally, five private parcels

south of the pass will be purchased !o create public beach.

A more detai-led explanation of the individual components of the plan follows:

A. Storm Protection Element

A revetment will be constructed alorg 800 feet of Sanibel-Captiva Road in 1993 to
provide protection of the evircution route. Part of the storm prot€ction element will be
to leave in place the groin built by I-ee County and extended by CEPD. This action wili
maintain a protective beach in front of the Sanibel-Captiva Road just north of the Blind
Pass bridge.

B. Mitigation for Past lnlet Improvement Effects

A total quantity of 300,000 cubic yards of sand will be placed on northern Sanibel to
mitigate for effects that have been caused by the groin constructed by I*e County in
1972. This amounts to 15,000 cubic yards per year over a 2O-year period. The
construction wiJl be accomplished in two phases. The first phase is to be implemented
with the revetment construction in 1993; a total of 200,000 cubic yards will be placed
at that time. The second phase will be constructed in 1996 as part of the Captiva Island
beach renourishment program. Approximately 100,000 cubic yards of additional fdl will
be placed along with that project.

C. Sand Bypassing Element

To increase sand bypassing from Captiva to Sanibel Island, a feeder beach will be placed
near the southern end of Captiva Island which will increase sand bypassing around the
groin. This feeder beach is intended to mitigate future potential impacts of the groin and
inlet system to the beaches to the south. The feeder beach would be placed every six
yeilrs as part of maintenance. The feeder beach would consist of 15,000 cubic yards per
yqr, or 45,000 cubic yards in 1992 and 90,000 cubic yards every six years thereafter.

COASTAL PLANNING & ENGINEERING, INC, . BOCA RATON. SARASOTA. JACKSONVILLE

126





D. Erosion Control Element

The erosion cofltrol element consists of two components. The fust component is
intended to control the high retreat firtes in the vicinity of Clam Pass Bayou and Old
Blind Pass. Sand that has washed into the bayou will be pushed up into a berm and
integrated with the beach nourishment progmm so that frequent overwash can be avoided.
This element also ties in with the environmental element in that it allows the beach to be
intermittently breached at this location. This provides for flushing of Clam Pass Bayou
and Old Blind Pass as has been historically the case. Should a major storm overwash
these islands and again lower the elevation, immediate emergency action would be
undertaken to rebuild these spits to protect against frequent winter storm events. It is
estimated that 25,000 cubic yards of sand is available for this purpose.

The second part of the erosion control element is the long term maintenance of the
beaches adjacent to the pass. This includes both Captiva and Sanibel Islands. Captiva
Island already has planned to renourish its beach on approximate 6-year intervals. Under
the inlet management program, northern Sanibel beaches will be renourished on the same
interval. Fill will be required in addition to the mitigation fiIl placed ir 1993 and 1996

to address historical erosion rates for northern Sanibel. These rates have been estimated
to be approximately 20,000 cubic yards per year. This amount is based on an historical
erosion rate of 35,000 c.y./yr. less 15,000 c.y./yr. extra bypassing as a result of the
feeder beach. Based on these projections, northem Sanibel's beaches will need
approximately 60,000 cubic yards in 1993, and 120,000 cubic yards as part of the
renourishment program in the year 1996 and every 6 years thereafter.

E. Navigation and Flushing Element

Part of the navigation and flushing element is to leave the north jetty in place which has

apparently increased the stability and flushing capability of the pass. It is recognized that
the feeder beach proposed under the sand transfer element will increase the sediment
loads moving past the inlet. However, it has been determined that intermittent closure
of the pass is acceptable to the adjacent communities as it replicates the historical, natural
functioning of the pass. It is believed that the pass will remain as stable (or more stable)
than it has been in the past with the above described actions undertaken.

Future consideration should be given to the potential construction of a south jetty on the
pass to help direct tidal curents moving through the pass and to assist in stabilizing the
sand transfer system along the ebb tidal shoal.

Consideration should also be given to dredging of active shoaling areas within the pass

to improve the hydraulic stability of the pass as well as to recapture sand that is lost from
the beach system. Dredge planning should be sensitive to seagrass communities and bird
feeding areas that have developed within the pass as a result of historic and active
shoaling.
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The interior of the pass should be monitored annually subsequent to beach fill south of
the inlet. It is possible that placement of fiIl immediately south of the inlet without a

south jetty in place may increase shoaling within the pass. The monitoring would enable
future evaluations for the need for a south jetty and/or interior dredging of Blind Pass.

F. Environmental Elements

The fust environmental element for this program includes the movement of sand out of
Clam Pass Bayou and Old Blind Pass to rebuild the beachface berm and dune system.

This will enable Old Blind Pass and Clam Pass Bayou to interact with the Gulf in a
manner in which they have historically, with intermittent flushing of the estuary systems.

The second environmental element of the program is to leave the jetty and jetty extension
built by Ie County and the CEPD in place. This has shown !o improve flushing of the
pass and provides for water quality improvement within the pass.

The third component of the environmental plan is to forego consideration of dredging
interior shoals within Blind Pass at this time. Portions of the flood shoal of Blind Pass

are covered with seagrass and serve as nursery grounds for fish. In the surrounding tidal
flats, terns, egrets, and herons forage upon small cn$tac€ans, gastropods, worms and
fish.

G. Public Access/Use Element

To address the public need for beach access, five private parcels located soutlt of Btind
Pass will be purchased, and the homes and structures will be removed. A parking lot
will be constructed and dune vegetation will be planted on the vacant property. This will
cause part of future expenditures for erosion conffol to be used for maintenance of public
beach. The public beach will also provide storm protection for the evacuation route.

H. Cost Estimates

Table 26 shows the projected costs of the inlet management plan over a 5Gyear project
life at an interest rate of 3%. The initial cost in 1993, which includes 800 feet of
revetment, 200,000 cubic yards of fill on northern Sanibel, a 45,000 cubic yard feeder
beach on Captiva, 60,000 cubic yards of advanced fill on northern Sanibel, and

redistribution of 25,000 cubic yards of overwash volumes into the dune is $5,200,000.

In 1996, the remaining 100,000 cubic yards of filI and 210,000 cubic yards for advanced
frll and the feeder beach will be placed at the same time as renourishment on Captiva at
a cost of approximately $2,400,000. Maintenance would continue on the Captiva
renourishment schedule every six years at a cost of approximately $1,600,000. Purchase

of parcels will cost an estimated $900,000. The annual cost of implementing the plan,
over a 5Gyear project life is $478,000.
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s1,s93,90O
so

sL2 ,29O ,445
0. 03 887

AVERAGE ANNUAI VALUE
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TABLE 26

BLIND PASS (!EE CO. ) TNLET I,TANAGEXENT PLAN
FINAT I.IANAGEMENT PLAN COST ESTII{ATE

1.0O000
0.97087
o .94260
0.91s14
0.88849
0.86261
o.83748
0.81309
o. 78941
o.76642
o.7 4409
o.72242
0.70138
o.68095
0.66112
0. 64186
o .62377
o. 60502
o. s8739
o.57029
0.55368
0. s3755
o. 52189
o. s0669
o.49193
o.477 67
o.46369
o. 450L9
o.43708
o .42435
0. 41199
o.39999
o.38834
o. 37703
o. 3 6604
0.35538
0.34503
0.33498
o .32523
0.31s7s
0.30655
o .297 63
0.28896
0.280s4
o.2723'1
o.26444
o -25614
o.24926
o.24200
o.23495
o .2291!

305,000

SUM OF PRESENT I.IORTHS
CAPITAI RICOVERY FACTOR



V[I. FI]NDING/GOVERNMENTAL ANALYSIS

Governmental Analysis

The purpose of this section is to establish sponsorship and funding of the inlet management plan.
The implementation of the inlet management plan will be undertaken by a local sponsor(s) with
funding assistance from the State of Florida. Since no one government agency has total
responsibility for Blind Pass it may be appropriate to share the duties of the local sponsor
between the following local govemments:

I-ee County
The City of Sanibel
Captiva Erosion Prevention District (CEPD)
West Coast Inland Navigation District (WCIND)

While each govemment may participate financially in the plan, it would be appropriate for one
govemment to take the lead in the administration of the program. Each government agency has

a vested interest in seeing inlet improvements as follows:

A. Lee County - The County constructed the 1972 jetty at Blind Pass; maintains a
public beach north of the Pass (Turner Beach), is responsible for coastal management
counfwide and is interested in maintaining the passes and bays. The County maintains
the bridge and roads of Captiva Island and has planned a revetment to protect the
roadway in Northem Sanibel Island. The County should provide the local funding for
the mitigation, sand bypassing, navigation and flushing, environmental and public use

element. They should share costs with Sanibel on the erosion control element.

C. CEPD - The CEPD is responsible for erosion control on Captiva Isiand. In
1988-89 an erosion control project was constructed which restored the beach and
extended a terminal groin. The groin extension and beach erosion control project permits
require mitigation for impacts caused by the extension. The beaches in northern (6300')
Sanibel have been retreating faster since the completion of the Captiva erosion control
project. Since the groin may be partially responsible for this retreat, a mitigation amount
of 32,000 cubic yards has been identified. This amount is approximately l0Vo of lhe
total mitigation fill. The CEPD should initiate its role of joint sponsorship in planning
the implementation of the inlet management plan, and by incorporating the 1996 Inlet
Management Plan in their construction plans for their renourishment project. If
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B. The City of Sanibel - Northem Sanibel suffers from high erosion and is
vulnerable to storm damage putting Sanibel residents at risk. The SanibeUCaptiva Road

that Sanibel maintains is threatened by natural background erosion of the beach of 20,000
c.y./yr. The City should help facilitate the public access and use element by
coordinating the land purchase. The City should also be joint sponsor of the erosion
control element with the County.



monitoring of the construct€d plan shows that the groin extension is not causing erosion,
then their responsibility under the mitigation element should be re-evaluated.

D. WCIND - The WCIND is responsible for navigation and boating in ke,
Charlotte, Sarasota and Manat€e Counties. The WCIND collects taxes in the four county
area for use by navigation and marine-related public projects. The WCIND should
participate in the navigation and flushing element and future inlet construction.

Table 27 shows a schedule of costs, broken down by element for the inlet management
plan implementation. Table 28 shows the percentage of funding to be provided by the
various governments that will share in the costs of the program. DNR representatives
have indicated that a funding share of 75% for the State would be acceptable. The local
government shares are based on the benefits and responsibilities of the governments as

described previously. Tables 29-31 present the levels of funding !o be provided by each
govemment for each phase of implementation of the inlet management plan.
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TASLE 27

SIJIIIiARY (}F Ct]STS F{)R II'IE II{tEI I!AIIAGEIIEIII PLAII

1993 1996 2002

A. SII}EII PROIECiI{]II ELETEIII

L ntTI6ATl0li ELEiEilI

C, SAI,lD BY PASSI116 ETEI.IEIII

0. En()st0l{ ELEilEr,rT

E. IIAVIGAIItli{ ELEIENT

F. EIIVIR[}III{EI{IAL ELE}IEIIT

6. PUELIC ACCESS & USE

1,000,000

2,20o,oo{)

300,000

50o,o0o

100,000

1,100,000

800,000

700,000

900,000

700,000

900,000

I0TAL C05I t5,200,000 t2,400,000 11,600,000
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A. SIORIi PROTECIIOTI ELEIIEXT

8. IIIT I6AT IOX ELEIIEI{I

C. SAXO IY PASSII{6 ILEITENI

0. ER{)sl()il ELEiEilT

E. IIAVI6AIIOII ELEIIEITI

F. EIIVIR()NIETIiAT ELEIIEIIT

G. PUBTIC ACCESS & USE

TABLE 28

FUIIDI t,i6 LEVELS FOR SPI]IISORS

STAIE CI]Ut{IY sAr{i8EL CAPT IVA IC IllD

L)t

12.51

2 5.0r

t2,31

75.02

75.0X

75.0?

75.01

75.02

75.02

75.01

STATE CAPIItJA

2 5.01

22.57

25,07

t2.57

12.5I

22.11

rc lt0

A. SIORII PF()TECII{lI{ ELEIITIII

0. r,rt 6A oti tLEfiEr{T

c.sAilD 8Y PASStilG EtEiEilI

0. ER0stoil ELEiET{T

E. I{Al/I6AII(}II ELEIIEI{T

F. EI,IVIR()I{IIEIIIAT ELEIIEI{I

6. PUELIC ACCESS I USE

250,000

195,000

75,000

62,500

0

12,500

247,500

750,000

I,650,ooo

22!,000

375,000

0

,5,000

825,000

0

0

0

62,500

0

12,500

27,500

0

55,000

0

0

0

0

0

0

0

0

0

0

0

0

3,900,000 1,112,500 102,500 55,ooo 0
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TABIT 30

C()SI SHARII{G FOfl 1996 PflOJECI

STATE COUi/TY sAl, EEL CAPT IVA rclr,lD

0

600,000

525,000

675,000

0

0

0

0

180,000

175,000

112,500

0

0

0

112,500

0 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

r,800,000 467,500 112,500 0 0

IAELE 3I
C()ST SHAffIIIG FON 2OO? PROJECT

SIAIE C{}UI{TY 5Ar{ l EEL CAPT i VA HCIND

A. STORII PROTECTIt]I{ ELEIIEIII

8. IIIII6ATIOII ELEIIEIiI

C. SAIIO BY PASSII{6 ELEllEllT

D. EROSIt)II ELEIIEI{T

E. IIAVI6ATIOI{ ELEIIEili

F. Et{VIR(}iltlEltIAt tLEiEr{T

6. PUILIC ACCESS & USE

0

0

525,000

675,000

0

0

0

0

0

r75,000

u2,500

0

0

0

1r 2, 500

0

0

0

0

0

0

0

0

0

0

0

0

0

1,200,000 287,500 112,500 0 0
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8. ntIt6Ailoti EtEiEilT

C. SATID 8Y PASSII,|G ELEIIEIII

0. tRostori ELEIET{I

E. r{AVt0ATt()ri tLE[EilT

F. EIIVIN()iliEIIIAL ELEIiENT

6. IUELIC ACCESS I USE

0

0

0

0

0

0

0
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Aerial Photographs Reviewed for Blind Pass Analysis

Captiva Island & Northern Sanibel Island (9 vertical views)
April 9, 1991, Kucera South, Inc.

Blind Pass, ke County, FL (vertical)
February 14, 1970. University of Florida Archives.

Blind Pass, I-ee County, FL (vertical)
November 1,1978. University of Florida Archives.

Redfish Pass, I-ee County, FL (vertical)
February 17, 1944. University of Florida Archives.

Redfish Pass, Lee County, FL (vertical)
May 5, 1952. University of Florida Archives.

Redfish Pass, Lee County, FL (vertical)
October 21, 1958. University of Florida Archives.

Redflsh Pass, l€e County, FL (vertical)
November 22, 1960. University of Florida Archives.

Redfish Pass, I-ee County, FL (vertical)
May 31, 1969. University of Florida Archives.

10. Redfish Pass, IJe County, FL (vertical)
February 14,7970. University of Florida Archives.

11. Redfish Pass - Captiva Pass, I-ee County, FL (vertical)
September 27, L976. University of Florida Archives.
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8.

Captiva Island, Redfish Pass to Blind Pass (6 vertical views)
December 13, 1990, Kucera South, Inc.

9.



SI0-Id lnIdOUd HJY:IS iIA[\ruVdI{OJ

v )c(I}{IiIdv

f]ttnNos>cvr. vlosvBvs . No-LVE v30E . cNr 'SNtUsfNteNf ? eNtNNV-ld Tvt-svoc



Comparative Beacn Hofile PloB

194 vs- 19E8

CoASTAL PLANNING & ENGINEERING, INC. . BoCA FIAToN. SAFIASOTA. JACKSONVILLE



0 
i D

.0
 

Z
il.

,j
tL

ilv
A

T
lo

[J
 (

F
E

tT
)

-1
0,

0 
-2

0.
it 

- 
10

,0
 0

.
.:+

l 
lil

-1
1

7J (-
)

-]
-l

I T
n t- :'i
'': I] C
O A ,-
) - = Z
. r- T
I

rr
-'1

(-
) F f' .E T z a z =l.r, m fr =

Z
. ;) -

I I I I I i I i I

!

:= ; l- t';
 

-

-r
-l

T
n

Ir
, 

/_
u

t

i , I I I

t I I I I i I



tL
f\,

A
T

lC
N

 f
fE

il)
--

1,
0.

0 
-2

D
.0

 -
 1

0,
0 

0.
0 

10
.0

rJ
-t

 r
 I

 I

-t
r fr \-
J -r
l

t-
-

T
rl r llr '7
1

r_
!

!'- z. z a T
rl z ; rr
l in n = =

! F
J

1-
-l

I ! I

+
_l

I I I I

g,
 -l

-1
 

I I I I I I I i I I I I i
o 

-.
.1

\J
I

I I

(f (-
.. ril i-r
-]

T
r- t

--
--

.,1
--

--
l

Z
. r- T
rl rI

I I I

1.
,1

 --
..1

'-t (-
, 

I I

.}
l

I i



IL
IV

A
T

IO
I'J

-.
10

.0
 -

20
.0

 -
 1

0
i 0

.0
 

Z
c.

a
tr

T
\

Ll
 

l

rr
 

r)

1L
!-

llt
-

l)
4i

j\]

(-
) r -o r z z T
N z rr
l

I-
rI z

-D vi il -r
l r I it E *) () '--

L
-.

--
.,] Z r T
rl

T
rl

L-
r-

1 
+

r
-7

I ir-
l

.,J

cr i-r
') = Z. rr
l

-r
l

rr
l

!-
T

-l
--

t

a'
)

I I i
/-

\ 
--

l I i I

C
) 

-'l
I i i I I I

^l -r-
 -J

I i i I I

'P
-l I I I I I I I I I { I I I l I



)

F''ti0FlLE LlNtr: R 93,

)

L0CAT|0l'l: LEE

)

(f
r]
(\J

(-l
rJ

Ir-J tI)(\
I

_--*-*--. 1 I74
-_-*_. 1i.?88

rl l.ltlVt.t
'[-'r:i
l-rJ
t-rJ
LL.
'--"(f
;= (f
()--
F=l<{

t-r.l , -j':

,. -l
r.-:.1

r{-}

I

(:)
t.:l
..1

ccrA:ll.At_ Ptit'lNthlc: & t"t't{}tNEER[',tG. ['l{],

60c)

-.--T-*---
{l0

I

I ()r)
I

l- t,i0 20 4 r:l

DISIANCE. (F'EEl-) r l0
120 l4c' I LiO



E
Lt

V
A

T
iO

T
.J

 (
rE

E
T

)

-J
0.

0 
-7

0.
4 

- 
I0

,0
 

0.
0 

i 0
.0

 
T

a,
t)

o r- T C z z z () I-
rl z =rrl z *

i F
J

-t
r

-l-
]

"-
rl

.J r- T
rl r- Z
.

rr
l

-7
1

/-
i"

--
-.

1
--

.i = {-
- rr
l

m

i\ 
r.

-'tl --
.-

.t Z i'l
 

-

-i-
i

.-
r!

--
--

.1
-t .'Y

t 
i I I

i.j aT
\

I

I I i I I I

=

I



=
l 

E
-r

 i 
{T

lf.
ri.

l
LL

L 
/,1

 
I 

l\J
l 

t

- 
/l 

I 
t, 

| 
- 

| 
| 

I
li,

 
tl

ll -! -r
l r- irl I z i-r
"]

'l-
i ,s

(-
l

-1 i- -! = i'l !J an 7

I il.

:= t-
T

1 
\J

-1
-j

t"
i':

t-
1-

+ _T
l

i,

i- --
r

i- t-
r

l-r
l

I I i

it -_

,r
y)

 -
.N

.

U

I I I ,



) )

F FiDF'lLE LIFJt-: R 102 LL)CAl-l0l',1: t-EE

)

_ __*_ 1 9,74
1988

D

O
(]
(..1

q

(f
f},j
t-r.l
L]
tr-
!'(]

;it)
r:)l_
Fl
S
!i ,:
Ltl C)(\

I

()
t.)
rr)

I

(:)
coASt.Ar- Pt-d,Nr'llt'lc,&. tNGtNEEFi[.]{}, ['1il-

(:)
{-

(-) 40 60 B0
Lrt:: tAhlcE- (FEE"t')

t*2o 20
+ | (.t

100 t20 140 16r)



il11 t t)tz t Oii I 0() I

( L.::.t) :t)N\,1:jtc
Ori 0g ilt

ilt.t
cil0

l_
0Il -" r

I+
Fjr
{r

I

L,J
{:.r

C)

I

N.1
{) frl 1-... T-'

tl

-t;-
I :-l
-, cj /J:;.

'CNl'$l.llUlfFllCNl .f )l.llNl.llrld lY.l-5\,Ol]

-rl
Trl
Trl
--t

C

{)

!rCJ

p
CJ

h)
F1
€:

!|8ri l.

116 t

(

,.1_ll :l.,lrlrl_lVir<-r-lt;0t H ::ll,ill lll_i("i;:l,l

( (

-._.,-._*._-*l_



E
LI

V
A

T
T

O
N

 (
rE

lr)
-3

0.
0 

-2
0.

0 
- 
10

.0
 0

.0
 

10
.0

 2
0.

0

L1 .E z. ..t
1 = i-t m T

I

-l , 
J

U
-1

:l

]-
.l

'-1
_l r- rn I Z
.

rr
l

-I -i- - 'r-
r r rr
l

r-
n

:= Z '-:
i

t: T
:':

--
--

-,
1 

+
r-

- 
=

I I I I I i I I I I I I i

-l 
--

l

a-
l

c

( I I \ I I

i



.. 
I 

I 
I 

)

fl 
f\l

.,.
.T

In
t\l

 
f 

E
 E

-f
T

\
t-

LL
- 

Y
,6

. 
I 
lv

lY
 

r,
r 

t-
t-

 j 
I

-5
0,

0 
-2

0.
C

 -
 i0

.0
 

0.
ill

 
r 

i 
,

0 
10

.0

.) (!
 .'1 t r -o E z z n ()
.

r.
1 !l z ,r
il in v

!

C
= Z
.

'-T
:

T
r

! 
-.

-i:
r n -r
l

l- i-n r Z
. P r ,:-

-1

--
--

.1 - rr
l

F
r

I I I i

r-
!_

) 
-L

r

i-T
r,

\

I

I

a

I I I I i I

-.
1 I I I i i -l I i I I

--
l I I I I I I J I I I I I I I .l i I I

I t I I I



lL
[v

A
,T

rc
N

 (r
til

)
-t

0.
0 

-2
0,

0 
- 

i 0
.0

 
0.

0 
10

.0
U -D n U -r
l r rr
r r- Z
. if 7l + r- > -l Z
.

i- t.l F
I

;0
4l

 
l 

rl

!-
J v - .Il E z = a = m = =

t\| I 
\*

'
a1 a-

-l

-! Z : 
{-

-)

i-.
.l

:-
i'1 --
-.

1 
,'r

-

-a
1

I I I I I i I I I

.-
-Y

r

!
^t *r
-

tJ
t

I i
7

I I I

I l I , I I



gg6l 'fi rn8ny 's,r 9361 .raquafe5

qold algord qcea6 e,ruureduo3

ftttnNos)cvn . vl.osvuvs . NorvB v30a . 'cNr '5Nru3:lNreN3 
" 

9NtNN\fld tvrsvoS



tL
tv

A
T

tc
r't

 (
F

E
E

T
)

-3
0.

0 
-2

0.
0 

- 
i 0

.0
 

0.
0 

10
.0

20
.c -! .j--] -_

r]
--

--
.t f- F
I r- rI -7
1

D
N

(-
r.

j

11 :i - -o F z z () tr r.
l z z l-.
t

m =o

T
J

:-
!

-_
i'-

l

l,t -T
'1 i t

.-
t c,
]

c0 C
fJ

I \-
J -I o

U a -J 1- T
rl

'.I
-',

I

m rr
l -l JI

+



) )

cl
(:)

(f

q
Ctr{

r:}
r.:J
-J'

l''[tOFlt-.E LlNt:: Fi l]4

c{.).r1::i.l.,1,L Pt-p,l'll'ill'1c,9. t:l'lGIt{EEl.l ll.lf}, I I'l[.
--'-r'-

40

t {}CAl-l0l"l: (lAPTl\i'A lS

--l------
BO

5EPT.B5
08/1.3./88

NGVt,)
'p--) r:i
LI
L]l
i-r-

()
7-dc)'-
t-: I

tj ,l
Lrl O

N
I

Cr
[f
t.f

I

o 60
DI::I AI.,ICE. (F-EE:T) rlCr

l-?0 120 lo0 120 140 1 6r)

)



I +
,

E --
--

,1 \; Z (l a-
T

l

-T
]

ir-
]

T
r1 i +

i! -}
\

r'1

tL
E

/p
Jr

oN
 (F

E
E

T
)

40
.0

 -
30

.0
 -

20
.0

 -
 1

0.
0 

0.
0 

10
.0

 
20

.0 -T
'l )t (-
J -r
l r rn r I'r '7
1

t_
-u

l-,
']

:_
1 f- n I z z z h irl z. =rt rn =

- i1 L) -.
>

--
J

--
-.

.i
\_

,
Z

.

'b -T
1

-.
.] ;=

-7

jrt -T
l

C
N iJ
t

L.
r

I

--
.,1

I ! I I I I I I

--
J I I I I t I



/t 
I 

I 
J

Ir
 

lll

rL
t'/

A
T

io
N

 (
rE

il)
-i0

,0
 

-z
;,1

1 
- 
10

.0
 

0.

-r
l T -r
l r- m r Z
- l:l -?
1

r_
-:

v
,/-

i,

i

(-
l

:1 t- -U C z z l. 
,1

t+ rl =FI in 2

--
-.

1

(_
j

_-
r':

rl t_
 i

--
r = irl -n i-:
'l

,._
i-I

i I I I I I I !-
rr -U - ,I tJ

ir1

I I I I i -j I I I I I I J I i i I i I I I I I I I I



i r
-J

 , 
l-l

ll

T
\ U

-i-
r

I 
L-

 !-
tr

l t
r\

.r
/r

T
IA

t',
1 

/'
l-L

-t
- 

Y
 /-

r 
I 
l\-

/'l
'l 

t.

-3
0,

0 
-2

0.
0 

- 
10

.0
2C

.0

:.J l- -0 I z Z z () i" ar
l

-z T
r! irl -n =

-E
t

73 (-
-) -r
l r m r Z
.

l,-
t x, C

O .-
l

'--
--

J

Z
- n

F
-l -i:
l

- ,j lr
i.r

Z
.

- I i'-
l

- --
-r Z t. 
. 

"'
rn

O

m r1
1 -'1
 ,

'!r O l\-
l



l{)
11

 
/\l

1l

IL
E

/A
T

|O
N

 (
rE

il)
-i0

.0
 

-2
4.

0 
-1

il.
O

 r
l.(

l
j+

l 
r 

I 
r

-T
'l

-l-
1 ii '-T
1

-J r- rr
l

f- I:I -r
l

I tJ '--
-J

_]
.-

l

-i

i.,
':' i- n F z z z o f-
l z 2 m m '7
1 = =.il

I I

h.
'\ 

I I I I I I I

-t f 
_.

.1

I I I i

.n
l

I I I I I I
t-

]f 
t I I I I

I

E n rT
'1

T
1

l"T
1 T
I -t lt

rI
l

-T
l

-t LU Lr
l

i -
r

Z
.

+
r

,..
1t

1



4U
,U

iL
T

V
A

T
iC

N
 (

rE
il)

-3
0.

0 
-2

0,
0 

- 
1 
0,

1-
] 0

.0
 

10
.0

 
?-

r1
.0

,f, l' -o z = ^ t'l = i-r
l

m

-1
'l

-r
l r rr

-l. r- Z
. tf -r
I tx r L' }-
>

'--
1 = Z (l "- --
l

T
I'] -E --
i

N
) aI ,; (-
J

q-
--

r

?-
. 

r_
-

tl- --
--

'i 
,u t"

 ., ,.r
]



r)
 

.ll
rr

) 
,/r

lll

t-
r 

i-\
 /A

T
tn

h-
t 

1t
rt

rt
rT

\
L-

L-
L-

./,
-,

 
llU

r.
l 

t.l
 

Ll
-l.

i

-r
rl 

0 
-2

4.
0 

-1
0c

 
0.

..r
ij!

i
I N
)

E '1
> Z
" rr
i c

)

":
'1 m --
--

.1
 L

T ,U -T
]

--
-! r rr
l t- Z
. if ;0 \, t) () - (-
J

"7
'1 --
l

-. i- -U C z z o rn z =Iri i-n

i--
-r

l\1 l'.

f 
.r

..r
'

t-
r)

r-
n -U - C
O (-
n



)

t_t-XlAl-lOl'l: {)APTI'V'/\ l:1.F'tiOFlLE LINE: R 91

crfA:_;T.&L PtiNNlt'lci,ft Et'lclNEERll'l(;. lt'lC.

0

)

(f

O
tr'3
Ld
trJ
tr-
'*(}
Z.O
QT
Fl

5qtrl r)
r_\

I

q
o
(.1

rJl
rJ
t,-)

I

r:)
(-:)
\t

SEPT.i35,
a8/1:1/sB

Nrlvt)

ll t"! 8i-) 1,C0 'l2r) l4D I 6i)l*'rl0 it0 4ll
DTSIANUE (r-t--ET) *.r01

)



.t 
I 

I 
t

4D
 i-

j

E
LI

V
A

T
T

O
N

 (
F

E
rr

)

-,
/t)

t 
l 

-lt
,ll

 
rlr

r 
rlt

lt

-.
]-

.]

-7
1

-r
-l t- m I I't _f
-l

I

,i-
-J

(-
)

.Y i,r r E z 1 l) rn z =TrI m a 7 =

I'l -U --
-t U
i

Li
a\O ;

...
.: () -T
'l

--
l

i= L'
1

U --
-.

.1
l- I-
T

 l

-r
-i

T
rl rn -i

i I I , I I I I I I I I I I I , ! I



IL
rv

A
T

rc
i.J

 (
F

rr
r)

0 
-.

i0
,0

 -
20

.0
 -

 i 
0.

0 
0.

0 
10

.0
 

20
.0

+
t/

(.
) ,-
l

:-
1 r- -o f, z z = e" T
q z ; rr
l

m

-- I ,J

__
T

_1 =I i-r
l

= 1:
,

.-
-T

]

l, Lr
.j

--
J t) = E "T
'l i i;

i I J I I I I I J I I I I I I I I
J

I I I I I I

-.
1 I t I l I I I

-1

I I

r
g ./- T

T
1 

r-
l

-r
l

m !I --
J

ti i-r
i

-U . 
-.

i

lJ
l. 

.,

,-
4, s

Z
-

.=



\-:1

\.I.J

;!i!LLL-U
,JZ;Jilf

Et) (-J!

0'02 
0'0 L 

0'0 
0'c t - 

0'
l'rrr 

r\ 
A

rrr r r \JA
 --r-''r

\ r '1 -11l l\uu_v/\J 
I

FL.L-

(1L)--)

sL-L

,1i
Z

.
)tr-l
-JLt-

Efi_

II-:

=Li-

Liz= IJLJrlaiL)

az-
-1a

d,

LJ

LJ-)
q-l

o_LrJ

a) trl'- 
0',*i?



[L
tv

A
T

ro
N

 (
F

E
[T

)

-3
0.

0 
-2

0,
0 

- 
i 0

.0
 

0.
0 

10
.0

 
20

.c
4t

{ 
I 

{ 
}

-1
-_

r

,i -r
-l r- r'r
-1

. r l:l 7l !i, ',n 'i "T
'1 --
t

(-
)

t',
i

--
4 F f- I z z iE rr
I z !i z F
l

m fi - = (]

I

rr = -J >
,

Z
.

rn -T
1 m -.

--
.1

I I I I I I I I r-
f: -U - ol

J r-
r,

l

.-
T

1



U
 

!L
].U

 
Z

U
,U

rlr
.#

,T
i0

i.i
 (

r't
il)

-3
0,

0 
-2

c,
4 

- 
i 0

,0
 

0.
+

t.r
 ,. 

-l

-t
r A (-
i -r
| r- T
,r r- Z
.

I'l _T
l

(!
)

rJ
)

(J 'r'
' i () 'b ='Ft i;

2 z z (} + !i 7 rt

- I rJ

- r-
i-'

:

"'i
-

fr
_ 

'

i-r
i

-T
'l

- l_
rl

I

-J
I I i I I I -l I I ! I I I i I I I I I I I -j I I I I !

r'Y
1



0g I fit.t fiiI I ilOl
(L:r:) f :ltJ\/L:t;trl

08 0it 0'i'
r.)1: I

0e

'3Nl 'gNlUllFll$r'll 4' :)l'llNNlnd 1t1::;t03

tlil - r (]

C)
C)

I

/.r'l
p
C)

I

h.l
fr Tn
:-.. T- t-' rrl

-L--
I:J
-, t:l
CJ;.
t:.-.-rl

TN
Trl _-- -) LJ...-.1

t:lC)

r.J

l\-t
:3
O "Sl \/,\llclvl, :l'lr:)lldirillL6 U :ill'Jll lll-l0U'l

( ((

BB,/f t,/Bo .__-
EB'ldl:_;

__t.,-.



,r.) I ,,r ( t i,l ti -llN\J r 'i:;rrl

01J [ 0?,t ott 00l. 0B(19[Jv0,JDU *l TJ

':)Fll'i)l.lll:ll-ll.ll$F,ll :r' DI.lll.ll'llrld ltlllv0l

I

N,I
(lt fr'l

.tr
cl
(:r

I

ln
C:I

C]

:^r r_r Trl
:(_r>

lJ
-O()z
(-l

-rl
Trl
Trl

C,.J
u

C)

p
(f

f\)
p
O

1:111,/'!l L /" tli:l

( (

'sl vAtldvii .NC)[vlol
EB'ld:l:j

(

BB E :ill'lll 3lLifiU,l



,r
{ 

| 
r 

1
:lJ

(,
U

.tJ

=
-]

-l I i-T
l

I I'i fl (J --
1

(_
,) :-
- ts 1'

--
1

'-j
i

l_
n

r'\ ,J
_r

l

LL
 

L 
I 

I
I 

l-L
!i

II 
tr

\/A
T

l1
1t

.l 
i

!t-
-L

-/
r1

 
ll\

-/
t{

 
r

/-
v,

v 
- 

lu
,u

- 
a,

rl 
r-

i

(-
)

'+
l

t- t- ! Z 1 a T
N z !i z rn ir1

I

C i1 -; Z
.

r-
i'l -r
'] ri 'j

I I I
/'\

 
J

iJ
t

I I I I I

I\.
i 

i
I I I i i

-.
lj.



+
1.

_)
.;,

-)

rL
i\"

A
T

lc
t'i

 (t
ttr

)
-.

10
.0

 -
?0

.0
 -

 1
0,

0 
0.

0
I 

t-
.1

 ,
 t-

.,l
a,

- 
.-

,

-T
-r

ii rr
l t- _7
'l

- :-
-r = ::- "i'
1 r- Z
.

I I I I I I I I I rn -U - ,tr
J

a] c-
..1

,e
L'

!

! i..
l

(J
(-

)

i,-
'l E - .E E z a T
N z = t-
!'l m v z =

if

I I I I
l.J

 
I

o-
i I I !

.1
.

-7 Il- .-
.-

:
tr

l

--
--

l 
^-

g;

i, 
-,

i II

I i i I I



-n -:
-j

'-T
'1

--
...

,i r- rr
l

I l't 7) T
-

:-
-J --
J Z
.

"1
-

"'= n L P

1 
.-

t

- .I

-.
l

L-
|,' itl

l

-r
 r

'. 
//.

.T
ln

N
l

Lr
-r

,-
 v

 /-
r 

I 
lv

 
I 

I
lt 

!-

-2
..n

 
-?

,-
,ir

 
-ii

r 
i-,

4i
_r

.i

(-
) o :-

,1 t- L z. = T
N z !i rr
'1 m 3 =

t, lt lt l! ti ti li II 0 I f I I I I I I I I I I I I I I I I i

i\,
1I C
r

-+
\

{-
-)

E --
-.

J

I't
 

-

m

-)

i ! I
h.

 
-J

I
..j

t

J{
 

I 
I 

I

i I I I !



) ) )

r:lj

(!
F'l.iilF-lLE L"ll'JII: R l0il l. r,)cAl't{lt,J. (,:l\F, ['l\/A l1;Lq[,Jl-)

{l
(f

(l
t--l

()

5EPT-85
0l\rl1,,,,tr"U

I'lr.)'/[. )

t-r
Lrl
Lr-l
Lr-

;: (:]
r:) .-

I

F-l
-<t-

'jj '.:LtJ t)
[\

I

[]r
r_l
"rl

r --i
[:_)
rii

I

coA:;T.AL Pt-d,Nl.l['rc:,] INGTNEERIN(], ll'lc.
-----]-----*

o
--.---l-'------..1-----

60 B0
l-

'l()0
I

1;lr,rr 14D r r,i[]t*20 :l cl 40
Dl:; lAI,lCE- {FI:"E.I) '.1(l



(11:1 1 (ll, l il'd I ilO I

* ( t..l:=t) :)tt\/.t :,;til
il8 0g

__ __1_____.._--.t__-... _ __
IJI,LJ (1'

'3t\lt'{)fltu33r.IcNl T )t.ilNl.llrld }rxivoc

r:]I

Oil- r

+'
C)
C]

I

Ln
F)
O

i _1,41] li

I

N)
c) rrl :-- r *r?

-t l=
-'oOZ.
C) _-"-.

-rl
rfl
rrl

pJ ()

C)
tr

N)
C)
b

,qll./l] L /80

(

(lhlv-li;l VAll,(lv3 :NOl-L'd:lO-llOL H :ilNll :lll-Jt)):1,.1

((

EU'ld:l:j

- -..-,--,_, .,_ __-L_.-.
o

._-_L___._



rl.
 tl

-T L-
l

i-,
 

- 
ii-

't 
,i

u 
- 

lu
't-

'lf 
t-

 i-
II 

L
L-

t{
rr

l

-1
--

-ll t) --
rt

--
-.

1 f rr
1.

I t'i -f
- j :-
-J _i ,'J Z
- () -'n J) Z
.

t- -u r- z =z () B T
I z 7 rn irt '5 = =

i C + (-
,

I J Z
. -f
)

T
r1

 t-
'

-r
1 -l T
N .-
J 

.u

I I I I I i I I i-r
] -il - f_

r-

J-

I

l!-

I I I i I

-.
1 I I I I : i I I

-.
1 I I i : I J I I I I i I

.J
I I I I I I

I



tl 
t 

I 
I

4{
, 

ll

!'t
 r

\/A
T

rr
\ 

N
r 

/ 
rt

rr
T

\
LL

LY
11

ll\
-,

 
l{ 

l. 
I 

L-
t-

ll

-.
10

,0
 -

20
.0

 -
 1

0 
0 

0.
0 

i 0
.1

-1

-! -r
-l r- m t- ilr _7
'1

U
}

i-) - -o It' = a r'l z ai irj 7

I t\,

f- --
t = Z 'b --
l r .F Z
.

i I I I ! I I I J I I I i I i -l I I I l I I I

-J
I I I I I i I

_i

I I I ! ) I I I I I I

q '7 -.
"T

'. i

i I I I !

I I i I I I I I I'l T -i C
,j i-r
l

o :.r
Z

.

C
--

1:



tL
fv

A
T

lO
N

 (
rt

rr
)

-t
0.

0 
-?

0.
0 

- 
10

.0
 

0,
0 

i 0
.0

 
20

.0
4i

_.
i.D

-L
r

r) _-
n

.-
-.

,]

T
N Z
-

i-r
'] ..

,) ,:t r -U z = a) =in m I 7

I iJ

i I I I
t\,

 
I I I i I

r (.
1 :-
r

-.
..: 7= - Z
.

1.
. 
1

E 'r> -j-
l

t" -] --
--

:-

t,l 'lJ
Z

. ..] D

i I I i li lt

i I I I I -i I



T
\ tt tl

--
c

IL
L

40
,0

ti 
llr

l,

L-
l 

r\
./n

 T
lt-

,i,
t 

I
LL

L 
Y

 /-
-\

 lt
\-

/t 
! 

L

-2
(-

1.
0 

- 
10

 0
- 

1i
-i 

ir

-D -l-
:

--
n

.J r T
N r- Z 7:
)

'J

l-) :i r ! E = z z a ib rn z =t-
fl m 7 = =

I r\
-)

--
J

--
..1 = (,
i n, r- b Z
.

O i.T
r

{] ,tn r-
T

 I -r
l

i-r
'l

!-
rl -t Jt (-

irl
co ,J

F
.

ar
)



)

F'R0t'lLE LINE: R10B

)

L(-)ilLIlOl,l: CAF)TIVA lSlJ\N[)

)

r:l

:l

tJ
'F-- r}
LI
ur
LL

I-)
Z: tj
().-
F:ls
!l ,l
t.rJ O

N
I

(:)
(f
rl

I

t.1

r:r
r ...1

r)
(l
.i-

1;EF'T"i3:i
t)8.r13/tJti

[.11.]'i/tt

CilA5l.Al- Pl-Al'll.lll'lCi &: ENGINEEI:ilNG. lN(1.

--'t*----'*- -- -t*
Bi)

I

l0L)
I

o 40 60
Ul:i lhNUE.

1 ilt.) I 4U l f.;0l- 20 ')n
(l ttlJ rl{.t

-'- ---t---'-'-**



i 0
.0

 
20

.0
ll 

ll

Li
L\

//\
ll/

 
ltr

l 
r 

LL
L 

i 
!

LL
I-

V
/-

rll
\J

l,l
 

rlL
Ll

,

-:
.i-

i r
i 

-,
n 

n 
- 

I 
'-,

 '1

.} t'T
l z z -'l z

-T
't

_T
1

-T
'l t- m I Z
.

I,| -:
r't O rc
'

l) - U
i

; lt r := t- 'b U
i I I I I I I i I m -U - ,lC r-
!t

i\_
J (]

i-: = r-
T

''l

..,
i :

rT
:

.lr '-_

-+
5

I I I

-.
1 I I I .l I I I I I I I I I I

_l
I I I

I



LQ
,\) -T

l

-_
T

 .i r T
rl r Z
. |,| E a-
-l -r--J t-

t-
l

f-
T

'1

t'l r Z
. C

[l[
\"

/A
T

tC
tJ

 (
F

E
E

T
)

-.
-1

0 
rr

 -
20

.0
 -

 i 
0.

0 
0.

0 
i 0

.0
+

t-
_,

r,
t_

.1

C
) :: l- ! I z - a z !J z t.l i'l n = =

J

ll I t)

-t_! 
-,

-J }! n 
.-

il

l't
 

-

-!
1 rr
t

rr
i

I I l i I I I I I

--
l I I I I I I

-.
1 I I I !

c

i I

'-:
 

I
li 

i

a m -T
1 - ,:0 (jn

I

) I ! I I I



/{
 

I 
I 

)
l-i

 
r 

1 
)

tL
['v

A
T

ro
N

 (r
til

)
-3

0.
0 

-2
,)

.0
 -

 1
0.

0 
Lr

.0
 

10
.0

{ J i-l

E
_'

1 Z '-1 i-n T
i'l

--
-.

,t 
,'v

'

-n _T
',l \] __
n t- f- = t'i _T
't

.-
-.

,]
--

-l n) =Ct
r

l'l -- :-
: r- f-
-l

!-
1 >
- ,' t- t' -o 5' = 7 a l--
l z ll 7 i3 =

i.,
'.

I I
.-

.,1
I I i I I I I i I i I I !

--
.1 I I i I

irt ! - ,-
lt, Ln

.C fn i-r
J

Z
.

I



_ 
.,t

11
- 

',r
 r

 I
 I

Lf
\,,

/A
ilo

l.j
 {

.r
E

lT
)

,0
 

- 
i 0

.0
 

il.
0 

10
.0

4l
i{)

,') rl () i''
l = z

i I\J

I I I I i
r\

J 
I

o-
j I I I ! I i

i-l
i I I ! I I I

ul
 

I

.-
r 

-"
i I I I I I I

(l 7 'i F
r

-r
l

-r
l r T

rl r if -7
-t

l\-
, r - (J = tft z C
g

i-'
Il r v) t- -b Z
.

L,
r-

Itl --
]

r.
l

7

I I I
--

l I I I I I l !

-.
.1

I I I i I I -) I I I I I I I

--
.i I i

,lr
v

-1
5

I !

I



10
.c

 za
.0

IL
IV

A
T

|O
r-

J 
(F

E
rT

)

-.
1,

0 
0 

-2
0.

0 
- 
10

,0
 0

.
ai

l.0

--
!

7) Lr 'T
'1

.J r rr
l

I Z
. l:, -:

_l -:

o 1i -D t- -! !. z z z o rr
] z ? T

N m 1 = +

I i'!
1

.:- --
r

(_
J

Z
.

t.,
't

'7 rT
t

l'l i-- u) f- i-.

t t I

+ ;-
ll

(] Z
.

al
_t ii --

--
-.

t

it

l,l

--
l C
,

,-
r

-7 tr

+
:

i I I i i I



(Jt-{-\

Ili 
J

!ca
-r-.1

Z.--,:)
i--]

L:zc!LiJ

!JLJz= z_l
(l--Ji-(J

I

_.1
0'02 

c'0 L 
0'0 

0'0 r - 
0'02- 0'0f -

(r:::) r'rorlv rr:-
0'[ry

!-J

"7

lr-i

l'J:
ll-.:
ff-]
F0-

(lZ
.

),!Jt!C
C

4-r-i

=.i

I

LL

r,i
z.JJLJ-

at--!_

!I

III



i.-

_ 
L|

J
h 

L-
l 

. 
1,

.,
1(

_l
.il

I 
tr

\ 
I 
l. 

'l-
t 

.-
r 

r,
. 
i 

IE
-t

rE
-T

l
Ll

-Y
l1

 
lr\

Jt
{ 

rl 
LL

t 
i

.0
 

- 
10

.1
1 

0.
0

:-
i t- ! b z z =o T
I z =l.fi t:l :! z =.)

i.1 c) .l

,a -t i-r
l

-r
-l

i-T
l

ar
-l *

I I !

-,
! n .I r- T
rl r- ;-
r]

_7
1 r 1> = 7 t') P z. [f,
'

i-1
-'1 i- t_ Z tf

-f

|,! - _n
t-

"J c0

l\1 i'!

Z
.

l:]

! I I i I I I I



lL
li.

-ll
r.

l 
L_

t_
t/

--
i t

rr
 /

l,T
lr'

-r
 \l

LL
L 

Y
 r-

\ 
I 

l\J
 I

 .l

- 
/t 

I 
I 

i 
- 

li 
l
r'l

 
'-r

 n
 

in
,i 

lr-
, 

i-r
-J

U
.i-

r

(_
] r + a rT '!! r.
t irl v

',1 L-
-l

--
rl C

r-
', -ttl i z. !J T
rl n T
rl

rr
1 --
t

'ir

-.
;5

,..
].1

a-
-)

-r
:l

-7
1

-_
't_

1

ir] r Z
.

-7
1

--
--

)
-J 1_ I-
T

 l

,'i f- '-'
v

I I I I I I I I I I ! ! I -l I I I I I I -l I I I I ! I I I
--

1 I I I i I I J i I I I i
-1

i I I I I -l I i I i i i I

I I I I i I I I 'J
r

-T
r .r ,li r-
n

l-n LU

Z
.

l !



=-l-In Nos>cvT . v1osvuvs . No-LVu vcoB . cNt SNlHf 3Nte Nf ? e NtNN\r'ld -lvl-svoc

686I 's^ ?16I

qold eIIIord greog e gBrEdEoo



=
-' 

=
'' 
i^

T
I-

,l.
.r

 
'' 

rE
--

-'r
-'r

|-
 L

t_
 

r!
-r

r 
rlJ

ti 
1l

,_
,_

t 
I :-

-^
,r

:ir
 

-/
ill

i 
-il

li,
 

lil
i

-r
l

-n l'i
l ,- Z
.

i-r
"l i + t'r

t-
-) - 7 {1 i. r'l m

t
' i'.
't

--
-J

I -)

C

= z a_
l

T
,-

|

"f
i i-r
]

T
n

--
--

J

tr

I I I I I I I ,-
j +

q:
)

-7

i i \

I l I I

tt ll tl l! l/ li l I

t I I I i i I I I I I I I I



LL
:-

 
li

I 
l-,

-1
,

lii
l

iil
il

t-
lL

\r
nt

tl\
!\t

t-
L!

-V
ni

l\.
,'l

\ 
|

-2
0,

0 
- 

i 0
,0

I

! I I
I

i.J
-t

:r 'I = rrt f- 7 l,| f-
I

I

:_
_r

i
i-.

i.,
]

'a .'' ,.4

= v t-
T

'l

-r
1

I-
-1 II

I ! I I I I I

a1

io

Z <
- ,']

I I I ! I I I i i I



Z
r.

r.
0

l 
I 

ltl
 

l)

tL
tv

A
T

rc
i'J

 (
F

tr
r)

-1
0,

0 
-2

c.
0 

- 
i 0

.0
 

tl,
4,

l.L
l

-D _7
1 (i -r
i r T

N r- Z t,t "T
'l

I ic
, O

I

It () t> '-J r- T
rl fI

.i-
.

- --
-.

i Z pq
o

'-T
-l

tr
t

(n
a

B

-+
5.

r-
T

\

,r

C
}

tJ
1

:-
1 r -a F z z 7 a L5 fr
l z =!-f1 m n z .o



[)+ I(r:l::) 33rivl"stc
OB0g0tU.:

':ll\ll'iJl.ll ):llSttl$Fll r.r1 l)l.lll.lN?-ld lY]:iYO3

::t .Notlv'iol

Osr 0r[ 0zl.
t

00 r.o;J-r o
+
p
O

I

,:-,J

5l .C

I

N)
orn :-- T- LJ l-rl

i)
IJ
-(f OZ"
Cr,--.

-n
rrl
rrl

'p'-,
(-lAEltN

,l-.1

fi!'(:i L

,.c
,3

f'.)
:J
C)

(( (

bt6t
t'6-u :lt'ln :lEClud



10
.0

 
20

.0
E

Lt
V

A
T

tC
T

.J
 (r

til
)

-3
0.

0 
-2

0,
0 

- 
10

.0
 0

.0
+

0.
1)

I i\) O
U i Z

. a)
 g

)
na -r

l
m T

rl
-,

1 
tu

-U -T
1 (i -n t- m r I'r I r () 't> li o r- rn T
N

C
) tn D r -o f, z z fi rr
t z =rrl m )J 2 .-
)

la
1 t-

a-
-



40
,0

E
 r

 E
-\

 /A
 T

rA
 i.

t 
rr

tr
tr

T
\

L-
LL

ila
l 

r 
l\-

/l\
 

l.t
 

t-
r-

 r
 ,,

-.
i0

,0
 -

20
,0

 -
i0

0 
0.

0
I 

I,J
. 
!-

J 
.;U

.t_
) -1
I

;t7 a-
1

-T
l r T
I r- -7 l'l n I (c
'

L- ;1 T E = 7 ! l'1
'l m -n

t- (J --
l o = r- T
I

T
N

-7 t::
}

I N
)

t\-
)

L.
D ,'1

q -.
1 d -z
_ rr
l 'I T

1 --
l

Ja

t! 
'r O + r-
1



Ofl I (:rt t. Oii l. 0o I

t0L*(i;r r) f rNV,L:.ir(l
09 OBilt03

'3Nt'0r'Iii=tfNtDNl .R Dr.lr.lN'd-td rv1:iv(13

.3lt :Nollv3(r't z0 t - ii :-iNn ]]-.io,!d

Ol-r o

s)
C)

I
,1,

s) ,c

I

N)
C) frl
bE
I:J
-,oC]7.
,3,--.

-rl
TN
Trl

9J {:14.1)N

6B(i L 

-

p
O

f\)
?O

(((

hLti t.



0I- r o
1[) I'+'

00t
( L.r"ir r) :rtNVri!rn

il80g(:l t,0e

Ill :NOLl-V3ol E0L-U :fl'lll flllOUd

(

0g[ c]tl. Odr

{lAf,ll"l

686 L

frtiL

.F.
C'r

C]

I

tLJ
C)
C]

N)
crn i= l_l

-L::

IJ
-'C) !)z cl ,--\

-rl
TN
rrl

,cr.--1
C)

C)
C)

f\)
'F)
C)

((

'Il'11'frl'lllJlSNlSNl 4' )l'lll'lNV-ld l'',iISt/OC



I 
U

.r
J 

t|.
r)

IL
E

V
A

T
T

O
N

 (
F

E
rr

)
-.

i0
,0

 -
20

,0
 -

'i0
.0

 
0.

0
+

u,
i-l a-

)

t-
1 :J P i- !. = z n rn z = -1 m z =

, I LJ
-I il -T

l r T
N r- iT
' n I C

P r a-
!

-l (.
J r- rr
l

T
rl

C
= rr

]
m --

!

7 n-
) E

O t aT
1

C
E

'-J



011 I (lt,l 0;1 l. 001.

r:J(r::r) 3)NVlstc
[]8(l !lilt,l.l (:,

:3-l rNo[vDot L L L -]t :3N| :]JOUd

+: L
I

0e --r 0

i l^.ilr,l

-t:

b

I

{-rl
,p
O

N)
orn
t,Fn

i
l:i
-Ct az.
O --.

-rl
rrl
rrl

,.3 J
C)

t:

N)
Ct
C]

tl8€i L 

--
(((

VL6L

'3r'lt '$tnlilfNtsNl ,s Dt.ilr,lN\fld tvtsvoc



0 
i 0

,0
 

?o
.D

tL
fv

A
T

t0
r.

l 
(F

tir
)

-5
0.

0 
-2

0.
0 

- 
10

,0
 

0.
r+

l 
I 

{ 
i

:1 r I z = o h z =n'l m fr =

:-
.

I ,J
-! 7 -T

1 r- T
rl t- Z
.

i,t r- (l 1> --
--

.1
--

J \J 7 f- T
1 rn

- v1 --
t

Z
. a)
 '3

)
rr

"l 
()

-T
l

m rr
l

-J
 n

r

''b
 \

l
t.- a"
!1

i--
 l

I I i I ( I i



IU
.U

 
lU

.U
tL

t"
A

T
lO

N
 (

F
E

f,r
)

-t
0,

0 
-2

0,
0 

- 
10

,0
 

0.
4t

j,D

; --
T

'1
--

-.
i r l-r
'l r Z
.

t,i fr I \\ :-
r

--
--

l
(j rr

-1 T
q

- ! .J

o --
-l ^ 

,'T
\

rn
u

't
i.I

.'l

(l

co
 '.

-j
(o

a
'7

(-
1

t-
o :-
1 r -o r z z () T
.t z !_
i z irl i.r
l

''l
i



l{ 
r 

( 
} 

/l 
I 

I 
I

E
Lf

V
A

T
rO

r.
r 

(F
E

rr
)

-t
0,

0 
-2

0.
0 

- 
i 0

,0
 

0.
zl

r 
I 

I 
I

-U fr (J 'T
l r rr
l t- '7 n E I I LJ f- L) l> i o f7 r- rr
l

T
1

r-
) t- ro z = d) fr
] 7 m v

I I\J .J

r-
l - Z
. - 

(-
-)

i't
 

-

-r m rr
l

--
l 

rn \'r -+
\

t

,r

Z D



0.cJI Otl iltt

rl/\,al N

0i1- r (],
10 L*

00 t.

p
O

(r:r:) :rNVLStc
ilrJ0901,0ir

'3Nt 'SNtLlllNtSN-l d' $NINN!.ld ]VLSVQC

l3-t :N0t_LV3Ot tr L - u :ltJt-l 3]-JCiu,j

I
(,.r

s) ,3

I

l\)
c) rrl '-- f- ._, T.l

, --J l---.1
-,O,:r ?:
,-l

-n
Trl
Trl

,-r -{
t:

i_1
C:I

t,.)
Cr
r!-l

( ((

trt [i L --
V L(;L



i( 
) 

I 
I 

/t 
t 

I 
t

E
LT

V
A

T
IO

N
 (

rE
il)

-l'
0,

0 
-2

0.
0 

- 
1 
0,

0 
il.

O
+

r.
.)

-t
J

-1
1 fr o -T
1 r T
N r- z. i-.
,r I -l r t1 .t> --

-1 =\'',
, r T

N l-r
l

i- :i - ! r 2 ftl :r z rr
l

=
I

:- I N
)

J

:= t-tI Z
. 3s

r
51

 o
'-i

,1 i-r
l

tr

C
o 

'-J
(r

) 
_b

.

Z
"

r-
'l

t\



tL
i\,

A
T

to
N

 (
F

E
lr)

-2
0.

0 
- 
10

,0
 0

.0
i 0

.0
 

20
.(

l
-.

10
,0

zl
l 

r 
r 

,

.) a :-
l r ! f = - d) ts r'l z z ltl - o

, I i-)
-r

l o .,-l r rT
I t- z n n I l.*
! o -J .J Z r T

N
!'-

rl

C
)

E --
-.

1

Z
.

Ii -r
l

m rr
l

--
--

.1

z {,
--

--
1

oo
!



3-rtrnNos)cvf-. vrosvuvs . No-rvB v30a . cNr '0NrH3fNt0N3 ? eNrNN\nd "tvJ-svoc

686I 's^ z5I
qold eIIIord q@E a gErEdEoc



!.1

(-'

t!l-l-..1

i-J-

'Lrl

{i-l

L--.1

_-L

L]=z,]'L,IJ

!lzL!vz= z{_JJ4t-'

Ljj

_-l

Z,-]

+
I

L!
7.--)

iJ-i

---1
t--

LAII

j j 
1 

rr,l 
tl

,' 1--_'l 
, 

r.i^.i 
i- 

\ --j-_'l
I 

r 
rli; 

,J, 
lrl\,r,:1

--l
J

iIIIIIIIIiIIII

u ,-'L 
-r '*' l.

a1' t-1''7 
/_i'/\ 

i

III



D L,i (r,r::) :loNV I sr(l
{,l1:l I i:11. l" i"l r:: L

I

i:l(J IiJ l:i(. I ljl(.1 t,"il ,:luii-| (J

..._L._._..._...._.._.--1.___._..,..--._-._L__.__,._.--..1-_...,-_-.--._
-:illt'sNtUllNlflN-l :f' l)t.l[.lN'd'ld lvlSirot

_I-.t.
C}
'41

I

L,J

!r(..r

I

i\. l
,l*t rrl
-- t- -

':-. r i-r1
:-.
-,1>-

{.-..1
..., t.:. 

_)

'i:r ,.....
-rl
f-rl
11l

,'..-1
'1.,

,l- 
-.1

':.- l

i.r ,t ,I
,:.-- I

i l,'1,: i l.l

(

".1:ll :[,lr:]l-l1d:l{.1 |

((

ri 1l - h :jitlll lll-lCi,:i'j



I 
r-

t 
t't

::i
 

i 
t 

I

E
LE

V
A

T
IC

I'J
 T

F
E

il)
-1

0.
0 

-Z
rl,

il 
- 

i 0
,0

 
(1

.0
 

i U
.ij

-o n U 'I r T
I t- Z
. n n I ,io O 'r> = -7 r T
I

rn

C
-) o U
1 :-
l F f' -a E z z z n s rr
t z =rrl m .:.
| = _ z

I (J

I i I I ! I I

.t f_
l

I I I I 1

.r
-

i I i I I
., trt

 
i

E J Z
.

(_
1

T
N -T
I

tit T
rl i jt (-
J

+
5

!-
a

(n
a

Z
.

r-
J



lL
r.

t_
.i 

1t
-J

.u
Li

rL
rv

A
T

rc
N

 (r
[r

r)
-.

10
,0

 -
20

,0
 -

 1
0,

0 
(1

.
+

U
,U

-U (J .I r rr
! t- Z
. tn 7) I Lr
.l a) P -.

-1 Z
. r- T
1

l-1
-l

o L' t r- .E C z z = C') T
.l z =I'l m n = =

i (-
J

N
1

'-'
o

? a J Z rJ rn -r
-l rr
l

rr
l

--
t +

r)
o'

-j
(r

-)
 _

b.

l\-
J !'.
.

-7



10
.0

 
20

.0
E

L[
\/A

T
|C

N
 (

F
ttT

)
-3

11
,0

 -2
0,

0 
- 

i 0
,0

 
c.

0
41

 1
(l

-U E U -n r T
l r z- n I

C
1

La
. t i- r z 1 l-!
l z C
) z m =

i F
J + !1

r U --
.{ * r- rr
l

T
l-l

- ...
..: LJ r_
:-

t

-T
]

rr
-: rr
:

a-
)

N
'r

=



'1
0.

0 
2t

j.t
l

!-
l 

n/
r'.

T
la

)t
\l 

f 
fff

T
\

L-
Lt

-,
/a

\ 
I 
t\-

/l\
 

\,t
 L

L-
r/

-.
i0

,0
 -

20
.0

 - 
10

 0
 

0.
c

41
 1

()

-t
_r _l
-l

LJ -T
l r- rn r- Z
, iT n I \c
,

I tJ (_
1 - = L) Z
.

f- T
rl T
}

t-
) til ! r = ft rr
l z t-

T m

I 11

- --
...

j z ,-
r 

C
r)

I-
rl(

j

T T
r"

l
r-

T
.1

_-
--

1 
rn o

i I I
J

I I ! I i i I J I I I I I I J ! I I I I I I I

_l

I I ! I I I I
--

1 I i I I I I J I I I I

a'
l

z D

I I I l. I I I I --
l 5

C
o (f
)



0g l, 0f I Oi:l t
1oL+

00[
(-L:::) f tN\i.Lsitc

OB0g(:ltQ4

3lr :No[vcot z0 t - u :-JNn l1joEd

(

t)z- t o

rn
r-rrl
t-t
O
Z.

-rl
rrl
Tri
-1

+Cj
C)

I
f*"1
()
,C

I

l.J
C
O

Ip
,a)

C)
C)

O
(_l

f\)
:3
O

( (

'3t\lt'tFllullt,lt9Nl :';' l)tlll.lt,l'nld tvlri\roc

(lA:)N

68(; L 
-- VLI;I



(lgl 0?[ O?itua,-.-l {) 'oL* 00t
(r::-r) ftN\/LSto

,'I l-i
0g0t,0a

'tltrlt 'f)NtullNt$N3 4 )t.llNN!.ld l'"{svoc

:ll "NoLt_v301 Er:) t" - u :lNll llH0u,J

.F

:;1
{l

I
l.L l

!)C)

I

N]
o rrl
-. r-' r_r rrl

r --J

-.o{)z C),--..
-n
rrl
rrl

r:r ,--1
CJ

t:

N)
P
C)

((

OAE)N

686 t
VL6L

(



tt 
I 

r 
I 

/t 
I 

t 
I

lL
rv

A
T

ro
N

 (
F

E
[T

)

-iO
,r

l 
-2

0.
0 

-i1
1,

0 
i.1

.0

-! ;U (i -r
-l r T
rl r- rr
l

7) I tI L; (l -l = r T
N T
I

t-
)

I!1 :-
t

-o ! z 4) rn = i't m =

I + r-
-)

E --
r

'F
' Z T
T

I 
O

-r
l

rr
l

rn v= .i

-7 !

-+
\

U
]

t I \ \



i 0
.0

 
20

.4
tL

tv
A

T
ru

'J
 (

F
E

tT
)

-.
i0

.0
 -

20
.0

 -
 i 

0,
c 

0.
0

4{
)il

-B -7
1

(_
)

-T
1

-J r T
I r Z
. t'r i f- it L) 'r.

.> - o .1
_

f- T
rl

T
rl

(:
') Y L.
'] a{ - -a t- z z C
:

rr
l o z irl in 'i

I (J (: i! -T
l

i'n

r 
,-

'_
1

- ) Z
. {l T
rl -r fi T
N i :l

a-
l

t\

Z !-
-''

l



0,! I 01, t Oii I 0() I

(r:r:) fot'lvLstil
0B 0g 0t/

:31 :NOt-tv30t

0e
.t

t r.)
I

0i1- r ()
+r
C)
CT

I

t,r
CJ

C]

I

N)
rJ rrl
-- r- '*j [r-l

:(
-l>

1 --r
.-- C)
OZ.
'c,-_-rl

rn
rrl

pJC)

F)
C)

N)
O
O

( (

'ilFlt'ot\ilrj3ft'lt{)Nl :f i}.1[.]t'l'rld l\i-[jk[)l

il^,[)N

6861-
hl.€i L

0 :fNn :]Joud

(

--+.F..-.--1



'i0
.0

 
70

.0
E

LT
A

T
|O

N
 (r

E
il)

0 
-3

0.
0 

-2
0.

a 
- 
10

,0
 (

1.
4[

:

-t
t

7-
l o -r
l r rr
l r- Z
. R n I --

l { --
--

.1 f- T
N T
I

(-
) a rl t- T g z = i) r.
l z !f z Ir
I

'7
1 7

I

l.\ (-
J

l\_
'

q t'. .-
--

: z r-
T

'1

i-'
]

..-
-')

.

00
{

(o
5

i\1 + l-T
\

a-
f

'7



10
.0

 
20

.0

rr
 t

r\
 i 

A
T

tr
\N

t 
/ 
tr

rt
rT

\
Lr

-L
-i/

r1
r 

r\
/lr

 
\l 

t-
r.

- 
r,

/,

--
10

,0
 -

20
.0

 -
 1

0,
0 

0.

-il 11 '-l
_l

--
-.

.i r- m t- Z
.

I'l I I..
J

LJ -J --
-]

(-
-,

) r rr
l

F
I

i-) if tJ
1

:-
1 t- r -U E = 1 z ,r
) z z n v

I

l*
. 
\

t\_
,

- Z
.

i'i
 

-

1-
.].

j
t-

F rr
l irn '*
6

'ir

00
 '.

-l
(o

 _
E

3_ t)
I I



(lIJ L 0t l ilt1l 0O I

("1:::) il)N\d.tslc
0B 0g 01,

0f,', I

(l;lC).i -- |

'3Nl 'eNlUllNl{iN.l d' Dl.llt{tllld lvlSVOo

+' ,a_.r

c.I

I

i-rl
(:l

'a)

I

N)
C) TTI

bE5.-

l:J
-'C) AZ
,'J.-_.

-n
Tfl
TN

F] iJ
{l/,3N

,Ll

lll :NOllv3Ol tf L - U :ll'lll flllCiU,J

F)
Cl

1..)

Fl q

((

tltl(; L

V L6I

(



l( 
I 

I 
) 

/l 
I 

I 
I

E
LT

V
A

T
T

O
T

'J
 (

rE
[-

r)
-t

0.
0 

-2
0,

0 
- 
10

.0
 0

.0
+

tJ
.t_

)
I .J

-D :r
] o -r
l f- lrl
. r I l"r t) --

-!
.J \_

) Z - F
l

l-r
-l

(.
)

LT r t- z z_ = () !+ rr
l z o z ri m n !-
)

tv ,..
:U

D --
.i -7 T
.-

l

-r
l ri --

-J +

co
!

(.
) 

-E

I l



tL
t.r

_r
 1

u.
u

ri-
rv

A
T

ro
N

 (
F

ttr
)

-t
0.

0 
-2

0.
ij 

- 
i 0

.0
 

(1
.0

+
t_

],{
._

/

-r
l

;T
J

-'r
-1 r rr

-1
. r- Z
.

i-r
l

I l'.
-/ r- L.
l

*r
> - = f- rr
l

t-
rl

C
) - r C z z a rn z i rr
l

m )J =

:- I if

U J { Z r.
-l 

\,

-r
-i m m --
-'1

 ii
o

Z ?

I 
\-

',

-l-
!

aT
l

ir)
A



f-r-rnNosrcvf' . vlosvuvs . NolvH v30a . cNt 'eNrB33NrcN3 ? 9NtNN\fld rvasvoc

165I DqEm('s 886I '€I $n8nv

srolil eElord qJEef, e^rI"'J?dEoC



IL
E

V
A

T
T

O
N

 (
F

[E
T

)

-i0
,0

 
-2

0.
0 

- 
i 0

,0
 

0.
0 

10
.0

 z
o.

a
4D

.L
-)

-! -:
-l o -T
l r- |-

rl t- ir-
l

-7
1 +

:i - -0 r 2 =() i'r
l z = !-

! 
l n z

:_ I i\) (-
J

tl t\.
r

t-
)

i) --
-1 -U i; - Z
. U

+ -
= LT --

-.
1

Z
. r-
\ 

fl)
-:

''!
 

L-
,

-r
l

rr
i

'-t
i

--
-;

 
&

I i I I I i I I I co ...
J

rT
j

(i (o

a1 tr

I I l l I I I ! I I
-'1

i i J i I i I I I I I ) I



tL
r-

'/A
T

to
N

 (
F

itT
)

-i0
,0

 
-2

0.
0 

- 
10

.0
 0

.0
 

10
.0

 2
0.

0
.r

i-_
),

 t_
-i

-B -I -T
l r- T

rl t- ilr -T
l

(n

- - -E f z = = m T

f- i.) --
1 = Z (i I a r tr
,

I i\J (-
J

,f.
)

,n --
J af
l

-1
-l -n T
rl

--
--

.i

-1
1

--
--

!

i'i

! i I I I I

iu
 -

l
(-

,,,
 I i I I i I I

\i
! !

-v

I



-7+Z
-

O
C

r-1
c-:
trl

LLI
O

,._,-

i!lLi

!:_t,'LJ-
I.IilZ

.

'=L_

(i

3z-IL-r-

l-__1

f-:

a')

';.j
trLrl
Z--J

L-r l
If,oL-L
U

-

=zL!-
L,r-l

z-7Lrl

.Ez=_)c_)dL't

L)

0'0 
0'0 t - 

O
'02- 0'0e - 

0'0v
(r:::) N

orlvA
rri

fi'ft7 
n'n 

I



0 
i 0

.0
 

20
.0

rL
rv

A
T

ro
N

 (
F

E
il-

)

-3
0.

0 
-2

a,
0 

-'i
0,

0 
0.

rll
 

I 
{ 

}

-U (i -r
l r- rr
l r Z
. tl n C

O *-
J

d1 ;1 f- -a r z = ].'
.'] z :i = T'I m T 7

{\
J ,l

f- U LJ --
--

.i

Z
- () -U U
) Z il

a-
', = --

-.
.1 r'1

 ',
:D

'-t
-l

-r
1

--
--

.,1
 .

u t' 
._

1

O

C
"f tL

F
I

C
) - .i,c
.

I

\ 
--

.1
IJ I I I I I I

-.
,| I 1 I { I i ! I -l J



E
LE

V
A

T
T

O
N

 (
F

E
rr

)
-3

0,
0 

-Z
a.

a 
- 
10

,0
 0

.0
 

10
.0

 2
0.

0
+

U
.U

1! 7l (.
-) -r
l

I rr
] r- Z
. if _T
l

'r! - - T T z z f) F
.I = rr
l

T
N 1 7

I (i ,}

(J .J U () a r- Z
. U

U ir-
l

(o

I

L-
\] 

J i i i I I I

o 
-.

.i I I I I i !

.-
) 

I I I i I

s 
--

.i

r-
')

f.-
-r = L,
 _

'

--
-j t;'
-

__
j''

:

l'-
'l --
-) (-

Z
-

!i =



iL
rv

A
T

ro
N

 (
F

E
il-

)
-3

0,
0 

-2
a.

0 
- 
10

.0
 

0.
0 

i 0
.0

 
20

.0 -D -7
1 () -r
-l r- r]
.i r Z
. tn n m (/
1

!. a, t r ! E =.J F rF
l z = rn m n 2 P

I \-
I (-
J i';

r- (J 'r> --
l

= = () > -U --
t

P U
, F Z U

U --
1 Z
. a)
 o

)
,,1

-

-r
l

,r
T

1
t-

T
r

--
J 

tu -+
.4

]. --
J l_
)

(_
)

T
i

:-
l

(o (.
1,

/
Z E

40
,0



E
LT

V
A

T
IO

N
 (

F
[[T

)
-3

0,
0 

-2
0,

a 
- 
10

,0
 

0.
0 

i 0
.0

 
20

.0
.1

0.
c

-! -T
1 r- T
rl l- Z
.

i-r
l

-7
]

O

L.
j

l- -E - n 7 1.
r'l :n

i (-
J

f'\
r O i,:
1 O

,') ]> - (-
J = 'T
l --
l ? a (,

,'- a1

:) :-
T

-l

:T
I

tr
]

t-
N

r-
-l i-r
l

L.
J

LC Y

I

l\J
 

-'l
oi

I I I I I i
x-

l
tJ

i
I

I I I I



+
U

.U
[L

rv
A

T
ro

N
 (

F
E

rr
)

-J
0,

0 
-2

0.
0 

- 
i 0

,0
 

0.
0 

10
.0

 z
o.

o

r-
l ! - F z z a ,+ rr
l z \! z m i_

rt n 7 :.1
, =

.U n (J -T
1 r T
I r Z ln n (o (J l'> '--
1 (f Z
. () P -o --
t a r U

:-
- 

)

l::
i

I'l

i tl iu

(-
-1 Z
.

(J T
rl

-1
'l F
l

!-
rl - Jf

O

I I ! I i

-.
1 I I I I I

-J
I I I

-1



(--J

(-J

(J

IL-

i

U
)

uii__-.1

,!UC
C

t--
tr-

L.

Llj

7f-.

(--J

(_l

C
'l

_i

oZ
-

I=o_;=)

IIIt^I!!III

(--,}
i,\l

.J:(I=IILLI
l-Li

L!

\iz.Jo_JL-j
L'

IJ

a\l

aL!Z
.I

L!__l
i--
L-t-

oL_r_

o-a'07- 0'0 t 
0'0 

0'0 t - 
0'02- 0'0e -

(r:::) N
orrv rtl

('t' i:tz rIII



illlt (11"[ L]fl' 001.

r.)( t:-r-r) -r:lNVrstil
i.t till 

rJ
\ J 

'I,I

cN\|5-,t v,{trdv3 rNt)l,Lvl-l0l

0r
'oNt 'cFlt8llNtgNl .,, }N[.lN!.ld tvlsvoD

I I

DZ--t $

I

N)
o rrt

+
P
O

I

LrJ
p
C)

bE
f, I --l

-oaz.
o.,_-..

-1-l

Trl
rrl

PJ O

p,
O

N)
O
C)

(]AE)N

t.66 r'c-ic
tttlr/f L/80 ---

(( (

tOU :lNll illl-i0U,j



0gl 0t,t OUl

( tl-:-L) r:lr',rtlr !;n.l

'J tl0g0t,o7.

-I)l.lt 'sNtulfNt$Hl {' DN[.1tlvld 1",{1]Yo3

t6u :lNn l]Jo8d

r0
00t

I

,l I

I

-l."f- O( o
-p

(f

I

C't
p
O

I

N)
o rrl
^l \-, Trl

-F
I --l
_,o
OZ
(-)

-n
TN
TN

PJ (l^:lN

Ifi6 t.'tlc
fil1/i t L/80

(f

P
C]

N)
P
O CN\ISI VAILdV3 :NOI-LV3OI

( ((

"__-_.____-L_- * -* _"*_l-'_*__"-__-"_L__,-__-r___



40
,0

rL
rv

A
T

ro
N

 (
F

rr
T

)
-3

0.
0 

-2
0.

0 
- 

i 0
.0

 
0.

0 
i 0

.0
 

20
.0 -C _7

t

-T
l r- T

N r- l,r II

{-
'1 tn T z h rr
i z = in. m =o

- = U = () -D a r Z E

(,
U

= rr
l

t, 
ri

',c
--

2 r-

I I\i i-J L-
T

)

,f0

I l-r
l

ir-
r

ir:

F
!(J O

l I I I I l i I I I l I I i I

.1

I I I

-.
,l I I ! i I



rlr
vA

T
ro

N
 (

rE
rr

)
-3

0,
0 

-2
0.

0 
- 
10

,0
 0

.0
 

10
.c

 
20

.0
.r

Lr
. 
u

I ( 
J

-1
:1

_T
1

\i -r
-l T
-

I-
T

't

l-- Z
. ill _7
'l

.T
\ C () - o = a-
,

.1
\ -U a f z. U

,;-
-

i]

fi tJ
1 t l- - .F = z z c\ T
N =T! m n =

(t
r, l=

i] .J { Z
-

rn -r
l

rr
]

i-n --
l

--
J

O (.
"i

c L-
t !) (.

o
Z

. i

It!
 l



40
.0

IL
fv

A
T

r0
N

 (
F

E
lr)

-3
0.

0 
-2

0.
0 

- 
10

.0
 

0.
0 

i 0
.0

 
20

.0 7J -r
l r- lrl t- if _7
t

(o

a) F ? - + rr
l = !-: tI r:
1 ?J =

() '-a =(-J () r Z U

Z
. E

ti

t!l \J
J

I o ol F
.

i-T
\,

C
l

-r
1

i-n i-i
'l

.J * (-
J

I I I i I I i I I I

j I I I i I

I i

__
-l I I I



E
Lt

\A
T

r0
N

 (
F

tt]
-)

-.
10

.0
 -

2a
.0

 -
 1

0,
0 

0.
0 

i 0
.0

 
20

.0
40

,0

-D --
.-

l

(i -r
] r- rr
l r- li, -1
1

tn r- -U I 7 ,) rn = i-n m ,

,J

r (-
., () '-a =(-J = () --
fi )\ ,= r- Z
. U

! i i i I

r$
l I I I i I I I

O
I

cl
I

at --
{ 

I
'r'

' 
I

Z
i

,.r
 C

II 
I

,-
.1

ol
i

'-r
 

I

-:
.] 

I
!,t

t

I I
+

I
--

i ol
I

tr
.,,

 
-]

(f
l

I I , I I I

N
-i i

Z
. lf

O



E
LE

V
A

.T
T

O
N

 (
F

E
il-

)

-3
0.

0 
-2

0.
0 

- 
i 0

,0
 

0.
0 

10
.0

 
20

.0
e0

.0

-I (J -I T
_

i-r
-l r Z llr -7
1

t,.
]

i- T r z. z F
'I = = rr
l

m 3 =

(-
'

(-
) , --

--
.1 (] '1
\ -U a r Z
- D

- I (-
J o ()

J = Z
. .] 

C
D

't- '-n -r
l r'l --
'1

 a
n

l'.
'. + t-
.rO

J

(i

C *U

U T
,1 u-
,

I i l I i -.
.1

I I !



0 
10

.0
 

20
.0

rL
rv

A
T

ro
N

 (
F

E
rr

)
-2

A
.0

 -
 1

0.
0 

0.
-l 

,-
. 

r-
,

- 
_j

u.
 u

+
U

,U

-D n (-
)

-r
l r- T
I r- z. l,t n a\

(-
)

Lt
i

r-
j

.U f, z 7 f] !_
.1 = =rt iri n =

- I ,:r
)

(l 't> o Z () \- "T
.1 t r Z
- a

LU

,:_
-.

.1 = --
--

.1 -7 ,:J lrl '-1
-l'

an --
--

l

N O o

-7

U
.J iJ
J

= irl

-l I I I I I I t I I I I
__

l I



40
,0

IL
E

V
A

T
IO

N
 (

F
tE

T
)

-3
0,

0 
-2

0,
0 

- 
10

,0
 

0.
0 

10
.0

 
20

.0

I r -t
r 2 = d) T

F
I = i-q rn =

-D x, (_
)

_-
n . F
I r- , 

'-_
l

-'r
-l r it --
i

i) -T
l

lr1 Z
- o

&
U T

I
:"

)
,'o ,'D

-7 r=

I I\) C
N N
]

r- l'.
...

].

-i-
1 in ar
'l

I I i I I

5-
r

V
I



4i
l),

 (_
i

rL
[v

A
T

lc
N

 (
rE

il)
-3

0,
0 

-2
0,

a 
- 

1 
0.

0 
0.

0 
1 
0.

0 
za

.O -! n -r
-l r i-r
l r- 7 l'l -l-

1

( 
J

i'.
..

o i r 1l f, z d: rr
l z z. t,t m n = =o

\.-
,,' - t-
,

Z
. () -t i= U
) f 1- U

= qf

C ir

l-l
-1 (0

,J a? -- O

E Z !-
--

t ,! t'l i'T
l

o



rL
r\

A
T

ro
N

 (
F

E
[T

)

-3
0.

0 
-2

a.
0 

- 
1 
0.

0 
0.

0 
i 0

.0
 

20
.0

40
.0

-t
r

-T
'1

\j -T
l

f- F
r] r- l,l (.
"]

(-
)

11 - -t L z z 7 4) rn = T
N 2. a =

I

i'L
,

6s
--

1 Z
- () -U --

-.
1

;= L C

:= (-
' 

-l

-.
! Z rr
l

-r
'l

i-'
"1 iI --

--
.1

t' a ,-
:n

a!
1

rn L_
) - (o ,O

a-

I I l I i .l ! i I I .l I i ! I I I



IL
IV

A
T

IO
N

 (
F

E
E

I-
)

-3
0,

0 
-2

0,
0 

- 
10

.0
 

0.
0 

10
.0

 
20

.0
4n

o

r
_t

'1 LJ '_
T

1
.-

--
,j r rr
l t- L i'l _7

'1 +

{-
l

tJ
) - f- ]J I: z z rr
l

rT rn =r-)

I f.J

r (i '-1 = Z
.

(i -U 7= f, Z
. d

O

- --
-.

j

L-
'=

r-
:-

t 
\J

":
'1

-!
'l

t-
T

-l

--
-'t

 r
io N
1 O I'r

C
O

..J i.r

U T
T

I

(!

=

I I j -.
1 I I l I I I



flfl t iltr l. il(l 0{J I

..-t.-

,0 L*, (.1:r:) :)NVlStfl
i.r;.109

cN\flt-;t v,\lLd dt :NClll-vt(lt

il1,0d

'l)Nt '$NtullNti)Nl {' }NlNt'lv-ld tvlsvoij

E0 t;il ::lNll illI-:lClU:l

0;j *- | r)

lrcl

I

,ir
'D
C]

I

l\)
C) TTI

bE
'b

IJ"-. C)
OZ.
o,-_r

-rl
rrl
TN

pJ
LIA[)N

t66 t')lc
uBr/ll Lttgil

O

I..)

b

f.J
O
O

( ( (



rL
rv

A
T

ro
N

 (
rE

il-
)

-3
0.

0 
-2

0.
0 

- 
i 0

.0
 

0.
0 

'1
0.

0 
20

.0
40

.0

-T
_r

-T
l

- FI - "7 l,i -l-
l

(i

(-
) lil r -c r z = k rr
l z ? T
rl m 2i = ;

I t\'
,

L_
)

L.
I) O

LJ __
__

! o i) a l'. ?

,,. J 7 - -r i--
"1 an

E

\, tr

t-
T

.1 () ,\'
L) \L
/

I I



rl 
n/

A
T

l/-
lt'

-l 
f 
rt

rf
-T

\
L-

Lt
-v

r1
lr\

-/
l\ 

\l 
L-

L-
I 

/

-2
A

,0
 -

 i 
0.

0 
0.

0 
10

.0
 

20
.0

-.
i0

,0
40

,0

-t
r

\'-
,

-r
l r T

T
I r- Z
.

T
I

_7
'1

\J !-
!

r- - z + z 6 i-r
l 7 = ,:r
l

m 3 -

!'> '--
)

-J i) Z
.

(i ":
"1 A
)

L P ?

I O + (J
C --

-j t- rr
'l

-'i
'l II tl +

I I l I I -l -l I I I

l\ 
'\

irl iI)

E



rL
rv

A
T

to
N

 (
F

E
il)

-3
0.

0 
-2

0,
0 

- 
10

.0
 

0.
0 

i 0
.0

 
20

.0
4{

 t
{l

-D 71 (-
J -r
l r- rr
l

r_ Z
. n n C
o

-I I

= (, .1
\ -U --
.] a f z. C

ts a t' -t r- 7 Z = is i-n = =tTt i-n l.- =
C

]

Z
-

ir'
1 

l-J

'- m m

{)

r-
-)

t,i

7. T
"l

l.-
l

ra l\

I I I
_t

I i i I
-'1

i I I I

-1

I I I I I -l I i I I J I I i I I I



E
LI

V
A

T
IO

N
 (

F
E

fl-
)

0 
-*

10
.0

 -
20

.a
 -

 1
0.

0 
0.

0 
'1

0.
0 

20
.0

+
Ll

Lr
7"

1
i) -I I T

N r Z T
N fr

(.
-.

)

>
.

v1 F r- T F z_ z () s z =Trl m 1 = = !r

(-
)

--
J

...
..,

:

Z
-

(.
1 = L1 t- -= r-
t

I (-
J

I I I I I

.T
) 

I I I I I I

lv C

'-T
'l -- :r
l

--
1

--
--

.1

-1 L-
A

l

--
-l a.
r

oo
'

C i-T
l

C
)

z il

;

{ I -l I i I I I I

-.
j i I ! ! ! i l



t.)I I(r :-r-r) .rf, r'JVrr;ril
OB0gato 01i t C1,1.0zt

_*-*_.__"_..L_

I

001
I

01.,rsz* t

.F'
C,]

flN\tlsl VAlIclVl :N0l1VCOl

'cr'lt '$NtulSNtgNt rr Dr.lf.ilrtlr|d lYlsuoSO

I

(,
IO

I

N)
C) J-t I

;^r \*' T'l

1-J _,()
C) Z-
c),-.\

-n
rn
rn

pJ
(-lA:) I!C)

IC)

N)
P
O

((

t 66 r.'3lc
BB/il. /Bo

Oi tU ::ll'lll llllOUd

._t.."".__-"." __. I

(



IL
E

V
A

T
T

O
N

 (
rr

E
T

)
-i0

.c
 

-2
0.

a 
- 
10

.0
 0

.0
 

10
.0

 Z
o.

a
ir-

 i 
I 

tl

-T
t

-1
1 -n --

--
-l

I -7 --
--

.,] Z
.

-U --
l

l =

o J' :-
l ;- -E r ts z = r1
,"

an = ,r
T

'j
iI 1 7

I fJ = L-
t:

.-
l t- ',-
1

-r
'l

I 1

.il irl ! (o
-7 E

l..
 l +

--
..1

I I

I t t I I i !



'.L
E

V
A

T
IO

N
 (

rt
[T

)
-3

0.
0 

-z
D

,o
 -

 1
0.

0 
0.

0 
'i0

.0
 

20
.0

4t
 ,

 i
)

-'.
1

_.
]-

1 C '-T
'1

--
--

.1 f- l-r - l,l

a) o i4 :.1 -a T = .-
) i- l.r
] z = irl ar
i =r-

I t\) (-
]

a-
)

: --
l

() ":
"1 =
,

L.
'l

+ O L-
T

)
r-

-

tl

I

ijl

C
JJ

O -ll LJ -
-1

_ (]

i 1 I i I .l l I I t I

-1

I I I .l i I I I

-.
.1

I i I i I

--
.1

-.
,1

I I I I I I I

I I I



[L
tv

A
T

lo
N

 (
F

E
E

T
)

-3
0,

0 
-2

a,
a 

- 
i 0

,0
 

0.
0 

i 0
.0

 
20

.0
40

.0
,\J

U .I --
r-

l
...

...
: r I I L' i -7 -i] n f- Z
.

,U
,

i- -o ! + t) 7 rr
l irl n = =

I ! I i I i i I l

_T
l _.

I

...
-, {f irl -1
-l

i-T
-l

.r
r. i JE

LN

U T
N ,io

Z
.

I I I I l l I I l t I I I



IL
L-

Y
A

T
IO

N
 (

rE
[T

)
--

10
.0

 -
2a

.0
 - 

i 0
,0

 
0.

0 
i 0

.0
 

20
.0

.ti
l, 

c i't -a z -7 t-
\

i.,
] :i l':
l

m ?1

+

i I I I I !

r-
) 

I

i--
-1

 
i I

a1
 

I
--

--
.i 

r

rli z.
:

,-
\ 

ar
r 

i

;O
 

I I

(-
:u

'-T
-i m l'r
l

--
-1 i.

--
1 (J "T
't

-_
_.

.1 r- rr
l

I .1
_ t'l -7
'1 > :-r __

__
.1 () -T --
t

-=
i

,1
\ ;. f Z
-

I'.
J

T
f'] (c
,

L l.-
-r

I { I I ! l i I

--
.1 ! I ! 1

--
j I ! |,

\1 C



tL
rr

/A
T

IO
N

 (
r[

[T
)

-J
0.

0 
-2

0,
0 

- 
i 0

.0
 

0
0 

i 0
.0

 
20

.0
.:r

u.
(-

r

r-
) LI :-
l r- -a f, = c) ar
l z !l 7 i'.
]

m ;l

I O

-D _?
1 o -T
l f- T
I t- T
i

I.f i1 (l --
--

.1

(-
J (-
,

"]
-'1 tV
,

Z
- E

O C
o

(.
}J

D F
I - - +
,/

Z
.

N

E :j lr'
l

:,1 i'r
'l

I

_l

I i l I I l I I I

.-
.,i

I I I I I I

--
.t I i { I I

:i



1Q
.O

 Z
A

,O

--
l r

-\
/A

-!
-ln

t\l
 f

 t
rt

r 
tr

T
\

L-
LL

-V
/-

, 
Il\

-,
/l\

 
\l 

l-L
-l/

-.
10

.0
 -

20
.0

 -
i0

,0
-T

l

-! i,i :_ i,i A :-
r

_-
i-l

--
--

l

.{
_

!-
'

.- .-
-J -a 2 4) l'] z !i T
I m n = = l--
)

i i

N
li

(.
, 

I I i I I I I I

_f
5 

_j
O

I
cf

l
i./

'1
 

i

!l z.
- 

i
a 

,-
T

\ 
I

-n
 

( 
-)

 
I I

_i -ll m
;

-r
l 

I

--
l r

n 
I

r-
-,

 
- 

-'1

I

l

! I i

--
.1

I I { ! {

--
.1

i i i

+

('"
l

F
l :' ,c
,

i!-
1 .L l-T
1



ilI] I (-lt, I {lii l.

(r:l.t) ffNVL:str.l
il8090t'Di"* | o

10 L*
00t

I

{J7,
I

-l__,-__
P.
p(f

I
,,.r,t

p
C)

l
N(-)
O

I

p
CJ

(-)
C)

'ot,I 'st'lt83lNt9Nl qP Dt.ltNN!.ld tv$vot)

rn
r
v
--l
C'
Z
-r1
Trl
TN
-J

ilAl'lN

t66 t'clc
BB/rt/Bo

,c)

f\)
O
O

(

CN\rlSI VAI].dVC :NOIIVf,OIt I LU :lt{ll l]lc)u,j
( (



,.+
 l.

 
l

E
L[

,/A
T

|O
N

 (
F

E
E

T
)

-3
0.

0 
-2

0.
0 

- 
10

.0
 

0.
0 

i 0
.0

 
20

.0

(] = f z z 4) rr
t = in

{ +

- .-
.,] Z - 

.-
-1

-D '7
1

-,
1

I i-a -- Z
.

|,1 n T
- - = Z
-

C
O

i'l l- U
) r- P C

i I I i i l I I I

.-
-)

 -l

-l -]
-l rl *

(.
l,J

i)

{ I i
\ 

1 
--

.r

.-
ri

I I i

r\
j

;l

--
-.

1



tL
['/

A
T

T
O

N
 (

F
E

il-
)

-1
0,

0 
-2

0.
0 

- 
1 
0.

0 
0.

0 
i 0

.0
 

20
.0

j+
l I

 l
,

..,
:

-1 i' -? - z 'i) rn .lJ F
l

m =

I }'\
-il -f

1 O -! f- rI r- Z
, rI -7
1

F
J

t-
- C 1 .-

j tl = t2 '7 m t'l t- r P U

{5

-ttt :j z- a)
 s

)
|-

llo
.;.

]

i.r
l

,t

C
P

C
rl

i-r
'j

! J I I I I

i\-
' ol C

i I I

--
.1

I



APPENDD( B

SHORELINE FOSITION AND VOLI]ME CIIANGE TABLES

COASTAL PLANNING & ENGINEERING, INC. ' BOCA RATON ' SAFASOTA ' JACKSONVILLE

L



'l l'r'3
'3'0'lt

'$ t'["t"I
!J)II

II '0661 
r{16t 

'886I '$861

EI.STTI

JBai 

"{6i llil 'itll
$ l '8t-IEil 'ii-Mi '6!8t!:rlrnnc Hr r:rJnc

I [i:t

0'6lt
t.l0r

g [!i
{'0ti

?'|fi
0 tiL
8' r

6.tct
0'tsI

t':i6

i'tii

8'08t

,'rt
t'86

t'8al
5 l.Ll

0'01I

!'tlt

9't! I

lt,rvI
l'l!i
8'00!

,'t8
I tvl

!,iI I

!u.
0.ro

i'!6
9'9
( Ltl

l't!l
0'ltt

i- uli

l'itt
I t6l
0'!l!

! !0

! ,tl

!'9e i

/'00:r

L'?tg

r'8t,

,'8t,

c'I'!
a',9q

0'ir i

t' tr.1

!'I89
!'t0t

v Lli

,'il{
8'u9

l' t-

:DO

t'eE9

f iiS

t'68ii

;'Il!

c btl
d'!91

B'{!I

4 LLI

.,,,2|z

I'1S!
0'r9z

l'89I

8'!4i
l'Ei,
,'0rI

I LLL

6'0iI
6'6$!

I},i

T'T$I
t'117

I't9!

I'tlt
I (ti

I'I / I:

! t!,
9'96

t0i
all

t'!i I
9'!rl
{'80}
6 ata

I ll9
l'6ii
!'8t!

l' t
I trr
lt:

t'N

,'$l

a Iti
}'T6I
8'0it
f '$;

;'!t!

9'i0l

l'tt;
i.I I!

! lul

7 YUI

: )ir

i't tl

) rti

t'!8,

N'tli

I iii
l';ti
i E!:

i :.

,'ll9

_r: -:

i i-r

0[-I

!t-ti

i9-i

I66l06{1 6861 8r{l !861 901 !i6I ZL6l tr6l lrdl Iirl I}61 6!81

:it uril !!l.l ior i0lli.is lifiu[!

i!r!f--s: ii:.iJfl] :;?J r{slJuli l0 ililos sl{0!i!l! lrt

xlStflit

lliJexc
iJll{



'$lr'5's
'rdt! su&srglfl 13ulrf5

'l t'/'l
'5'0'll

'5 t'{"x'}t'(
'5'9',!'!l

's'! l'l's'll

I66t I
0661 t

l86t '88fi 't86I
it-8t6r

68fi I!#i
. it{t 

i 
I;61

c96t r8g-I I 't!-6t6t '6!8ti::-:rll i,fl .:'ti:

0't0r
['n!t
0';!,

0't i!
0'$t
t'16
0'otu

0'r9l
0't8t
0'0r!

0'8!!
v iic
t't$
t'6lz

9'99t-

8'r8Z

t'6st
0'itl
!'rz,

i'trl
8'llt
,'l$

I'16
8'0{i
0'tt-

t'!{-

'l \taL

L lft

0'!{i

?'99t

t't{;
i'!rz
r'!6t
I'rtt
?'t 6l

0'06

!'ttz
8'ts

{'002

?,'T;

0'/ci

?'t
8'6tr

I'16I

n tLt
8',?Zt

I'tol

t ?Yi

0'0A7

!'l?l

l'i6
['r !-

c 4,,

l'isl
t'88!

i'i?!
8'u9

L',*

I'OOI

L It

IrrI-

9'C?i

r'8!r
t'3!
I'IIT
t'!Lt
?';t'
I'8t!

I i7 r

0 t0a

I 'r:: -

a. !at-

r +Ll,-

i'ht/

0'tri

r'68-

9',It

OU\

6'96-

l'$-
I'68i-

I'tot-

u ot4-

t' Lll
t'0t8

0'Itl

{'s0

l'tt9-
d'ht-

i'r?91-

i'lt0I-

!'lLfi-
,'6$e-
t'tot-
9't!8
,.6III
,'8[rr
r'0!i t

ofl-i
ITI.T

tii-x

tit-r

TJI.X

I-X
III-I

0Il-x
ttt-ll

8ti-r

III.T
TII.!

III-I
rlii-I

,'66
I t/t4

i't0!

I'I!I
!'t8I

$''

li5t odfi 686t 0EiI ta6l Sill tL$ tt&t lril $t6t IIJI Ii6i 6t8l

;J0 utli llri :0J !1011!.ls riilns

{0i?13: Bgir!$} ssld 0ilr8 J0 iltlBs s}rou}]s fi

lltllllt
jui0td

!,!I I

!' I

r,I8I

! )ut-

I'1,
I',t8

0'88t

t'ilt



F
<

t
iF

6 ii ,r
} rr

l
<

o,
l.]

;a
n

'>
z c)

-.
s 

Ir
! a C C T i C z

al
 t

J 
tl 

ri 
ii 

* 
a;

 !
.1

aa
!a

lis
5\

ac
P

c\
r-

,i\
c\

€+
o.

e 
u5

 
5 

tjf
.l 

5'
O

{1
 @

F
 '}

 a
lrJ

+
 $

an H
= T I! ? v T !t

-
ii r= i.:

? C 7'

t^ oi cv!i 9. a.
) I <
) ^a a]
 n iI

-

A
A

z!
7r

A
V

T
:A

pF
a.

c9
.a

6.
!

oo
9o

.E
ao

\5
t, 

t)

vT
ra

vv
T

v
ts

!-
P

9{
€\

l@
co

o{
3.

a,
:o

\
O

 '-r
! 
l)

!1
,

- 
, 

L.
t 
rJ

 L
i .

A
 !

J:
 O

.
.-

its
N

!li
S

rO
o+

.o
o\

!.0
+

\
5O

\i!
!.c

O
o.

liC
*C

i.j
ai

0\
Li

o.
.,i

o{
F

!r
i9

Ilt
I 

ts
F

F
 

tl
al

o 
0.

.E
 i

 '
ilo

r-
n 

'-n
 l,

i 
\t 

cl
 L

.] 
€ 

tJ
lJ

c6
\J

ltr
o€

O
'\l

€.
\i6

ljC
F

$!
r6

aa
e!

.6
!!,

€L
.i\

F
O

'O

lll
ts

 l;
 l

.i 
ti 

? 
a:

l 
5P

<
)F

!O
tlO

S
$$

.!'
j8

.$
+

O
l) 

.0
 F

 6
 i

.l 
,, 

i.l
 .E

o1
.,j

\0
0\

ir-
rP

tO
C

+
e!

$F

rit
tl

L|
Q

$i
:'.

ltl
iiJ

I:
,$

 +
 a

) 
r-

r:
 Y

3 
t0

 ?
 '_

t
!5

ln
(!

*i
.l\

-b
e 

L.
l 
$ 

.o
 c

.€
 

\t,
n

O
r,

'o
$!

tti
$!

i
.}

\\*
!.i

O
ir-

n

ltl
ri

iJ
al

ci
s.

rF
 

P
L,

tic
no

aI
 

,-
nF

F
'-,

!5
O

,-
rN

6l
i6

or
\r

F
 r

r 
ilr

l 
0\

.0
F

.r
r-

r,
ro

5|
j6

!5
O

\,$
c.

r€
.o

Ll
 ,

O
\ 

?]
|t 

P
F

!O

tlt
tl

IJ
 I

I 
t,I

 L
,] 

F
 

P
 L

,I
cr

o,
 c

 L
l r

-n
P

*r
,

.r
5 

(!
 r

, 
!o

, 
ll 

o,
au

l+
r-

r!
ltl

0\
o

t.)
,o

,r
ar

c5
lJ

o
L-

:O
.C

aa
09

ci
{9

P
A

.O
O

r}
C

\O
\

ttt
tl

l;t
nt

l!.
{F

 
ts

cl
!.l

o.
oL

lrr
F

P
!-

,l
r-

l1
 .

D
 C

O
 r

_!
 ! 

O
\ 
l.j

 0
.

5u
 

F
 '-r

1 
ltt

.jt
l.o

li 
.o

 r-
rr

 r
-!

 o
 a

 u
 0

.
n6

6.
i€

al
{{

t\.
l.-

0c
i(,

ic
$5

ltl
li

tlt
tti

 
cr

ts
 

F
Li

Li
6C

LJ
r:

F
F

r-
I

.J
!C

E
rr

\(
^1

.)
0.

5f
rt

si
ria

ii.
,)

o.
o

a.
j 
\0

 ,
:,!

 , 
C

 -
E

 i
..'

 .
,1

F
\'o

ai
!!c

c
o.

F
+

tiL
.lt

s5
c.

l

<
<

m
vz

i_
T

i'n
i

c 
ta

: 
rt

 a
rt

33
 

E
 V

A
irl

 m
 

i'r
 -

F
tz

oo
za

rr
ua

rr
,D zz

od
98

nq
{'O

IC
>

>
o-

,!n
E

iq
F

iH
H

C
]F

I
3r

-
q:

ct
r

lE
llr

l
H

-l
O

F
r

<
 lr

l

z1

a z E D z o _|
] a C T i- tt1 T Z rE

s !i \ t; .!: .' t\ a ii * I \: i.j ai ! ai rt tl I c 'r) i \ o a ,e '.



r<
l

ii v !r
, a,

(r
=

"
tf,

r Z ? .:,
:

S
l a = -i = =

o)
1

r rr
t c-
i

m

a ir] 1l
I 

-.
1

F
I t;

Z n a C a ra ovI c I I ! t-
: a 'ii
 i

-a
 :D ,z -C
F

.-

v I a\ 3 I ,0 ,a o. .e I \j ! ! ,€ I ! (, \j \t t, a0 I \i t, o. ii !: |:: :

-i -

<
<

it'
,7

z
oo

oa
do

T
ir 

,-
1 
-l

C
 c

 
ii,

 ii
i

F
l 
F

t 
n!

n

>
>

zr
!o

5
6}

0'
il'

F
lm

 
-t

oo
lrc a3

D
>

3
zl

rn
 

!l
M

T
qF

{ rz
H

(]
F

ii,

=
i-'

5
c-

 z
ril

m
H

 .
.t

O
,.r

<
m 'x 
_r

l

U
>

.1
tlt

 a 3 r > z E > v ar
i z E o n ? v r rr
t a z

I t\ tl I $ al g. .0 I 9. tl ti !.J \ $ ! \ i; \J I ! !l T
J @ I \ T
;

o- I ! \j i,i € ii !



))

PROJECT AREA: LEE
VOLUMETRID CHANGE CALCULATION
LS74 VS. 1949

FROM
F.ROFILE

TO
PROF I LE o -:4. O -3l1. o

DISTANCE
( FT. )

DEPTH CONTOUR { FT. )

- 1?. rl -18. O EOL

c-84
R-87
R-90
R-93
c-96
R-99
R- 102
R-105

360336.3
1S?2s5 .6
197945. 1
227779 .3
14A131,.5
175314. S
155690 .9
2L3729.O

174864.7
225642 . C,

?52426.6
Lr62711.9
14r) 123 . B
15(:,3?7 . 6
2:9011 , 9

164549 .7
45A363.9
329302.4
30324S .4
L74343. O

245959. A
?113324 .9
253054 . A

184550. 3
4sa366.4
329303.3
303245.9
L74342.9
245960. 1
2040(]f,.6
264054 .9

184550. L

454366. ?
3?930?. 7
3r)3245. S
774542.4
245959 .6
?o4t'.to4 . tt
264(135. 7

184549 .5
438363.5
329303.3
jt13?49 .?
!74342-9
24596?. O

?04005. 1
264055. i)

R-47
R-9(l
R-93
c-96
R- 99
R- 10!
F-105
R- r.r)8

183471 . O

91544.1
L76622.6
1 33866 . 4
86243.7
86061 .2
6lJ7 !4 .S
E}1514.7

l4a56s. B
123445.O
160945. 1
190738. 5
t267 63.4
1314r?.7
92304. 3

120693. ?

3169. 9
2454.5
2992.5
3472.3
2494.5

2972.4
33r)8. 5

TOTAL B4C'584.4 1194A58.O 164017!.rl 1533985.O ?132546.r1 2164028.O 2764l)27.O 2164031.(, ?49L9.t

NOTES :
REFERENCE DATUM = N6VD
EOL = END OF PROFILE LINE
VOLUME CHANGES ARE CUTIULATIVE FROT4 LANDWAFD END OF PROF!LE LINE
VOLUME CHANGES ARE IN CUBIC YARDS

)



) )

PROJECT AREA: LEE
VOLUMETRIC CHANGE CALCULATION
L974 VS. 1949

FROM
PROFILE

TO
F'ROF I LE i, -5. r1 -30. o

D ISTANCE
(FT. )

DEFTH CONTOUR (FT. )

-12. O -18.0 EOL

R-111
R-117
R-120
R-12f,
R-r"26

R- 117
R- 120
R-12J
R- 126
R-r29

L?234.6
46655 . O

110969. 4
154756.6
6L374.7

- 14469 . 3
a7167.?

164324.6
24154:.1

96045 . rl

-5964(:,.8
ao4i?.7

235482.5
f,l7461 . ?
134163 . O

45169,3
3701r)3. ?
455906.5
112536. S

-367?41.1
L6t7 t9 . t:)

344724 -2
4SO743. 1
90476.9

-354510.5
r6L79A.7
384724 ,3
4507 42 .3
9lJa76. h

-f,E4510. 1

1617i9.:1
384725. 'l45(:1741. Cr

90a7 3 .7

-354306. 5
15180f,. O

.-44726.6
450745. 3

9'lBB(,.2

3L79.7

3342. 6
427A.9

TOTAL 386140.3 34460A.A 70791A.6 66S235.3 720A72,1 733631.6 7ss637.9 73464A.7 19088.2

NOTES:
REFERENCE DATUM = NBVD
EOL = END OF PROFILE LINE
VOLUME CHANGES ARE CUMULATIVE FROF| LANDT'ARD END OF PROFILE LINE
VOLUME CHANGES ARE IN CUBIC YARDS

)



)

PRoJECT AREA I CAPTM ISLANO
VOLUMETRIC CHANGE CALCULAT ION
9 / L9B3 vS. o8lr3,/aa

FROI,1

r,F OF I LE
IO

PROF ILE 0 -J.0 -6.0
DEPTH CONTOUR (FT. )

-12.0 :i8.0 -i4.0 -30.0 EOL
D ISTAhICE

(FT. )

(
R

R

R

I
R

R

R

R

R

F

R

R

R

R

R

R

R

I
R

91

9i
94

96
97
?a
99

84

87
88
89
90

100
101
10?
r03

R104
Rr0s
R 106
R 107
R 108

99
100
101
102
103
Rr04
R105
R106
R 107
ft 108

-e810.1
16t4.4

-1834.2
-12t9,7
- 1062. 3
- 1312. 5

-3291.9
-7!17.7

-658.5
90.0

27t4.0
2749,9

60.5
- 14 53.0
-5957,6
-5947.9
-1tso,0
-817. I
- 144.8

696,A
54 3.9

-2139.5
3746.7
4305. 5

-4459.5
118 5. 6

-5369.8
-5634. 5

-604S.4
-8851.1

-1145t.4
-6819 . 5
-6503.0
-1996.7
1258.9
1432 

^ 
2

-?7 61 .4
-4361 .4
-9413.0
-8975.8
-1608,0

244.4
-i07. ?
1007.0

61.1

5045.1
6:65. .?

-15688.7
-483.3

- 10384. ?
-10005.9
- 10319. 4

-10414. 5

- 13358.3
-149J1 .4
-780r.t
-3479.0
-1860.3
-334.0

-64'.0.4
-10057.0
-16859.3
-t7s?1.?
-8531.0

-16321.7
-4411.9

c17 "3
-668€,9
?497.1
7649 -A

-?7523.7
-749.9

-14927.2
-19599.6
-17479 .1
-13089.0
-19461.7
-18758.0
-7:36,8
-?t47.0
- 1206.4
-640J.8
-7921.7

-14057.9
-16t58.8
-24580.5
-20092. I
-6395.6
-9?41.0

-43 S. :
50i4.5
t:53.9

-717r.7
-7573.4
-1373.0

-?? 626.6
17S8.9

- 67 t6.4
-1034 5.5

-8907.7
-3265.6

-t7346.5
-t7?o.6
t?607,7

-25593. J
-t7369.?

-20448.4
-41632.9

73 50 .8
1q848.8

-8616,6

- 11619. 4

-17 626.?
1788.9

-r0345.4
-a907.7

-t7146.7
-17?0.6
1t607 ,6
49,I ? .9

-6?21.5
-25595.2
-17339.1

-2044S.5
-41653,0
-3753r.2
-!1367.6

L4448.9

-8616.6
-16888.1
-196L9.4

-.r76?6.4
1789.0

- 67 L6.3
-1034S.4

-8907 .6
-5265.5

-17746.7
- 17?0.7
t2607 .6
494?.8

-e5591.l
-17369.2

-i0448.5
-416 5? .9
-17531. I
-11367.4

14S48.8
8371 . i

-17t7.4
-8616.7

-16388.2
- 19619.4

-?7626.4
1788. B

- 67 L6.4
-10345,4
-8907.5

- 17546.4
-17i0.,t
1e607.5
494t.8

-2ss93.3
- 17368.8

-20446.4
-416 53. 4
-37331.1
-1t367.4

7351.0
148C8. 9
8371. 1

-1717.6
-8d l6 .8

-16888.1
- 19619. 5

0:6.4
1041 .9

924.7
965.8

t 119.9
899. J

1549.9
909.0

t 0t6.6

I083.8

1037.5

837 .4

1060.9
11?0.9
1017, I

12{ r .0
844.8

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

86

89

96
97
9u

90
91

94
95

R 109

-20770.2 -77013.2 -t7372r.8 -?s618!.8 -t49581.A -249i81.3 -i19!81.0 -249581.3 ?7602.3

ti0TES I
REFEREiiCE DATUfi = Lt CVD
EOL = END OF PROFILE LINE
VOLUIIE CHAN8ES AFE CUTULATIVE FROII LANDIIARD END OF PAOFILE LINE
VOLUIIE CHANGES ARE IN CUEIC YARDS

) )



.c
<

?
@

T
O 3n

l
-{

J v F
} a-

r 
;i n

<
.)

D
!D o5

)!
.c

F
':=

ts
(-

:E
ci

 >
 ii

i
\T

T
oa

h re )- i> !-
i 
z

z

ir3 - T , o.
.i

IO r_ i:

r!
ii F
I

at O
C -.

.i ': :: e-
l

oe:)
. i r.
j -.
! 
f, .u F

I

vu
vN

vT

I
lF

t 
t

l.J
at

ca
P

!
!0

 l-
lo

o 
ts

.E
!t.

]tC
\J

{'J
tl 

! 
r-

. 
{,

.1
 , 

tr

iil

ci
56

\a
.iH

.0
\J

\'J
'Q

..j

nz
i,'

rV
z-

]:i

a\
r!

Lr
f.j

ts

tr
l

tjo
,.!

cr
.+

i0
.0

0.
oP

\
al

ot
ji,

to
$

iiF
@

o,
-n

!
o\

c.
cr

u\
.:0

I 
in

l.J
 t

n 
lF

ts
,r

.)
t;9

F
F

.
'j&

es
ot

j
L{

O
e,

-,
r&

l.J
'r\

o\
t

$c
\F

.{

!lt
r,

 l
l 

lJ
 L

.l 
{ 

.-
,

$\
!o

t:r
-,

r
!i 

(D
 I 

,-
,! 

'i;
 O

.
tJ

9O
.C

'O
0.

@
-E

6.
0$

O

Ilt
ri 

ai
 |l

 a
t 
$ 

,-
t

a,
.\€

oi
;r

J|
E

iG
 s

,,1
 $

8.
t:{

6+
co

'
'.,

1 
r'\

i 
{e

e

ttl
lr-

r5
D

 
i 

i
..]

1 
l.t

 t)
 !.

1 
{ 

'.,
g'

!*
O

ti+
i..

le
$s

r{
g\

Li
90

'o
.c

o.
F

 a
a 

0l
 .O

 ia
 r.

:

itl
r.

r 
E

t 
E

 tl
 .

c 
,J

:
6\

*C
a.

t+
a.

t(
o$

I'}
€o

.
t 

c 
6 

\i 
c:

-,
1

r,
 $

r)
(,

1 
40

6

F
tJ

(0
ri\

io

@
.o

.E
5a

tF

n o t

<
on

r.
tr

-!
z

oo
oo

m
c

T
O

O
T

'q
i

3t
,c

 
{ 

rt
 (

,

c>
D

zo
=

iiY
m

D
an

fi
zo

I,i
ot

c)
 

rl>
rio

g 
-.

!
e 

irl
!

>
$'

rlo
,n

lrn
n

n(
-)

;!i
-r

C
(,

T
Z

!=
iF

r9
3 

t!T
t

C
E

C
H

ra
7]

z
>

nv
F

t
iIJ

lrl
H

nI
(7

-

Im
m

71 c{
 r

= T > z € 1 t,0
0

I o \ a{ c\ I i; IJ \j (. a.
l + c ii + i! a. $ ai !i !j i^ .: a; ai

irt z o
zz

ol
 

ti
'il _r

l n 3 .1 l-
oc

T z F
I

0. L.
l i.j

I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i I I I I



PROJECT AREA: CAPTIUA I SLAND
VOLUI'IETR I C CHANGE CALCULATION
0a/13/aa vs- DEc. 1991

DEPTH CONTOUR

-12.0
DI:;ANCE

( F;. )

( FT. )

-18.0
FR0t'l

PROFiLE
TO

PROFILE -5.0

R84
R85
R86
R87
R88
R89
R90
R91
R9?
R9l
R9C
R95
R?6
R?7
R98
R99
R 100
R 101
R 102
R103
R 104
Rl05
R 106
R 107
R 108

R8 5
R86
RA7
R88
R89
R90
R91
R92
R93
R9q
R9 5

R96
R97
R98
R99
R 100
R 101
R102
R103
R 104
R105
R 105
R 107
R 108
R 109

15396 - 1
2t497.8
r3967 .6
753t .6

r430?.5
15002.9
L7L7L.3
2r955.1
20t75.0
38?47 -9
23339. 5

2339 6 .4
17841 . I
26451.2
31?41 .0
43t94.?
c2240 .3
42J48. 5

24932.3
J1335.6
26874.3
20158-5
?2r7 t .5
19112.6
17932 .7

?oo73. t
29155.3
t9934.6
10162.5
19173.0
20138 . 3
z?74?.7
?9620.8
280?5.4
51852.1
30168.7
30495-6
25196.1
396?3.t
477?1.2
63268.1
60995.9
61C56.9
365?7 .6
46522.5
41417.8
32957 .4
53516.1
?7038.9
)aa')a'<

9743 .6
31647.?
25543. ?
12831.6
25172.3
27t92.3
31152.1
40440 -?
37020.9
64??0.3
37298.5
38880 . 6
33587.4
52715.6
6290t.7
82?2?.7
80660.8
84451.9
50044. 9

64637.2
60650.5
53249.7
57794.7
50715.6
4C07r.9

115r2.8
c?LtL .6
39501 . 3
2023r -4
39053. B

4090?.2
46t?7.?
58is4.e
50048. 0

84011.2
q9042.4
53737.3
45813.2
69555.5
7A537.0
97392 -7
87984 . C

85390.5
46994.8
57869.3
3Ar2A -7
49 402 .7
5?09?.5
53945.0
60050.3

11512.?
4277r -6
41858.1
Z6JIz.l
45?65.8
45670.9
49950. 4

6492q . L

56348.5
88080. r
55142.0
61465.1
50496.3
69egt.7
79262.6

1019 50 . 2
87?95.s
82101.5
4649 L . /-
57077 -9
57qoq.7
48695.8
50749.9
54166 -7
612?4.7

1:.ri .4
826 -4

1055.5
948.8

1022. t
924.7
956.2

Lti9.9
899.8

ta4? .6
909.0

1026.5
893.5

1083.4
934.9

1036 . 5
t36.4

rzo1.1
i93.6

1060.9
I 120. 9
1017.1
lt:.9.4
1?!7 .L
834.0

TOTAL 598528.4 856??9.8 1159596.0 1i77365.0 rC18107.0 71.?6.7

NOTES:
REFERENCE DATUI1 = NGVD

EOL = END OF PROFILE LINE
VOLUI'IE CHANGES ARE CUI{ULATIUE FROI'I LANDT'ARD END OF PROFILE LINE
VOLUIIE CHANGES ARE iN CUBIC YARDS

.0

VOLUIIETRIC CHANGES HAVE SEEN CORRECTED FOR OFFSHORE CLOSURE BY DELETING THE

SEAIIARD ENDS OF PROFILES IdHICH EXHIBITED SI6NIFICANT OFFSHORE CLOSURE ERROR.



))

PROJECT AREA: SANIBEL ISLAND
VOLUMETRIC CHANGE CALCULATION
oB/13/BA VS. DEC. 1991

FROM
F,ROFILE

TO
FROFILE (:, -6. O -?4.O -f,o - rl

D ISTANCE
( FT. )

DEPTH CONTOUR ( FT. )

-12. O -14.O EOL

R 11(l
110. S

T111

R 11:
R 114

9657 .6
4636 . ?

-5459. I
-11731 . O

-?3497 .6
-34727.9
-36469.7

T 111
111.5
R 112
112. 5
Rl13
R 114
Rl15
R116

B'19.2
-s29 .6

-3200 . 5
-3887 . 4
-9850 .2

-12383.3
- LL79l). I
-L373L.7
-7i9L .4

-6L7t.t
-13689.:
-20164. 1

-36')15 . I
- 11982 . 4

3()O16. 9
r77e1 . L

126.5
-10163.6
-79473.7
-50041 .6
-4787lJ -4
-34305.9

aL4att.6
18478.5

-10336 . J
-!9794.4
-30081 ,6
-4187l).3
-34307 . O

- 12368 . 9

31450 .7
1A474. 5

?41.o
-10536.2
-19798. 3
-30041 .6
-41870.3
-543i16 ,9
-1?368. 9

37431).7
14474. 5

281. O

-1r:rf,f,6. ?
- 19794.3
-f,ooa1 .5
-41870.5
-341116 .9
-1:368.9

31430. 6
14474.5

2BO. I
-10336. 7
-79799.2
-300s1 .9
-4LA7.J .4
-34306.7
-12364. 1

441.9
196.4
4Or).9
644.C
545. B
a1:.4

1::f,.:
1777.5

TOTAL -6f,634.9 -1O32?2.3 -11C,884.J -11:.)t)737.A -9e577-2 -9457:.1 -9457i.(l -94574.r 6f,1.4.9

NOTES:
REFERENCE DATUM = NC]VD
EOL = END OF PROFILE LINE
VOLUME CHANGES AAE CUI,IULATIVE FROM LANDNARD ETID DF FFOFILE LINE
VOLUME CHANGES ARE IN CUBIC YARDS
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0.29
0.18
0.22

APPENDD( C

SHORELINE CHANGBVOLI]ME CHANGE COMPARISONS
SANIBEL ISLAND

Since 1988 the average shorelines in the northern mile of Sanibel Island have been retreating
about 90 percent faster than the historic rate while the volumetric erosion rate has bet.n 25%
slower than the historic rate. Because this high retreat rate includes the effects of Tropical
Storm Keith, this analysis is not intended to establish inlet impacts. An analysis was undertaken
to determine why shoreline retreat was higher during a period when net erosion has been slower.

To analyze the shoreline changes, the northern mile of Sanibel was broken into 3 zones; Zone
1 (north), Zone 2 (central) ar,d Tnle 3 (south). Zones 1 and 3 (north and south) are backed by
land while Tnne 2 is predominantly backed by water (Clam Bayou and Old Blind Pass). It can
be seen in Figure 1 that the 4O-month retreat of Zane I is 10 percent slower than the historical
rate while Zone 3 is 45 percent faster. Zone 2, however, has retreated 280 percent faster in the
recent time period.

A volumetric comparison is shown on Figure 2. The August 1988 - December 1991 volumes
are based on profrle comparisons. DNR volume rates are based on historical retreat rates and
0.67 cubic yard conversion factors in Zones 1 and 3, and a 0.33 conversion factor tt Zone 2.
The total DNR annual erosion by this method totals 42,000 c.y./yr. which compares well with
the 44,000 c.y./yr. developed from shorelines and profiles (see main text).

It can be seen that volumetric erosion rates have been between 35 percent to 45 percent of the
historic rate in Zones 1 and 3, but have been 53 percent higher n Tnne 2.

An analysis of conversion factors was performed by zone to establish the voiume lost in cubic
yards for each foot of shorelhe retreat. The following was computed:

Table I

1

2

3

Total

c-1
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Sanibel Post-1988 Volume Changes Compared with Shoreiine Changes

Conversion
Zone Factor (cv./ft.)
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AII conversion factors are very low indicating that most of the loss has occurred in the upper
portion of the profile (dry beach). This would be consistent with an overwash,/rollover process.

The above findings suggest that the rollover process in Zone 2 is the dominant coastal force in
the post-1988 time period for northern Sanibel. Smaller storms causing the rollover nZane2
also caused longshore sand movement in shallow water in Znnes l and 3. Sand from Zones 1

and 3 is moved into Znne 2 by wave action because Tane 2 is offset landward creating a
sediment sink.

It is concluded that the profiles in northern Sanibel are out of equilibrium because of a high
retreat rate n Tane 2. Sand is being overwashed into Clam Bayou and Old Blind Pass at a high
rate causing the shoreline n Tane 2 to retreat more than 160 feet in 40 months. The shorelines
in Zones 1 and 3 have retreated further than would be normally expected for the volumetric loss
experienced because of movement of sand along the shore tnto Tnle 2 fuom Znnes 1 and 3.

Comoarative Analysis Using DNR Profiles from 1974

In the main report volumetric changes in Captiva and Sanibel are estimated based on shoreline
changes up through 1985, and subsequently with profi.le comparisons after 1985 when
monitoring of the islands began. Profiles do exist, however, that were taken prior to 1985
which may be usable to identify volumetric changes. One such set of profiles was taken by the
Florida Department of Natural Resources tn 19'74.

It can be seen in the following analysis that the 1974 data set for profile comparisons
demonstrates too high of an offshore closure error to be directly usable for volumetric
comparison. However, the profile comparisons which follow generally demonstrate the order
of magnitude of volumetric changes that have been estimated using shoreline change.

Figure 3 shows estimates of volumetric change using the 1974 profiles when compared to two
surveys. The first comparison is between the April 1974 DNR profiles and the August 1988
CPE profiles.

If we assume the volumetric change above the 12 foot contour is an indication of total volume
and that the change between the 12 foot and 18 foot contour is indicative of offshore closure
error, we find the following, presented on Figure 4.

From 1974 to 1988 the volumetric change was only 78,000 cubic yards of erosion while the
offshore closure error amounted lo -726,AN cubic yards. This would indicate a 928 percent
error between the two surveys.

When comparing DNR 1974 and DNR 1989 the total change above the 12 foot contou was an
accretion of 1.5 million cubic yards. The measurement of eror beyond the 12 foot contour
from the 12 to 18 foot depth contour was approximately +600,000 cubic yards or a potential
closure error of 39 percent.

c-4
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The above analysis would appea.r to indicate that the 1974-1988 and 1974-1989 comparisons are
not reliable for representing Captiva volumetric change.

In Sanibel Island, the 19'74-1988 comparison indicates a loss of 288,000 cubic yards, while the
offshore error is 130,000 cubic yards or a 45 percent error (Figure 5). Similarly, the 1974-1989
comparisons in Sanibel show a 670,000 cubic yard gain in Sanibel (northern 4 miles) with an
offshore error of 53,000 cubic yards. This represents approximately an 8 percent error. This
last comparison appea$ to be the best comparison of the group, however, the amount of error
in all of the other comparisons is so high that it precludes the use of this data set for further
analysis.

It should also be noted that the profiles that extend offshore are generally over 3,000 feet apart,
unlike shoreline measurements which have been taken every 1,000 feet. In Sanibel only one
profi"le comparison is available in the fust mile in the 1974-1988 comparison and only two
profiles are available in the 1974-1989 comparison for the fust mile. This further indicates that
the 1974-1988 or 1974-1989 comparisons are not a reliable indicator of volume change.

It is informative to note, however, that the dircct comparison of profiles from 1974-1988 and
L974-1989 yield similar calculations for erosion rates for Captiva Island. Specificalty, the 1974
DNR - 1989 DNR survey indicates an erosion rate of 31,000 cubic yards per year. This is the
survey comparison with the least amount of error in the Captiva area. The 1974-1988
comparison shows an erosion rate of 52,000 cubic yards per year. An average of these two
numbers would yield an erosion rate of 41,500 cubic yards per year. This compares weil with
the composite analysis of erosion rates from 1974 through 1985 developed in the main text of
38,000 cubic yards per year erosion for Captiva Island.

It is generally felt that the Sanibel erosion rates as developed by the direct profile comparison
from 1974 are unreliable because of the large offshore error and the limited number of full
profiles available from the 1974 survey.

Additional Notes Used for the Previous Discussions

1) In general, DNR surveyed every third profde line out beyond the closure depth. The
1974, 1989 and 1988 surveys had nine profile lines in common for Captiva Island. The
maximum distance between profile lines was 3,472.3 fe.t.

In contrast, the 1974 and 1989 comparisons for 4 miles of Sanibel Island had six profile
lines in common @114 was not suweyed in 1989) with a maximum distance of 6155.7
feet between profile Lines. The 1974 and 1988 surveys for Sanibel Island had only two
profile lines in common. The distance between these lines was 2934.4 feet.

2) Following is a comparison of shoreline and direct profile resuits.

c-7
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Volumes
Based On: Shorelines

1974-1988

Table 2

Captiva Island
Volume Changes

(cy./yr.)

Composite
1974-1988

1974-1988
Direct Profiles

To -12 ft. To -18 ft.
No. of
Profiles

No. of
Profiles

No. of
Profiles

Mile +3*
-20*

-4
-10
:3

-34

-l
-19
-6

-11

:5
42

-5{'
-16*
-11
-19

1

52

+6{.
-30*
-24
4t
:16

-104

2
)
I
)
)

6
5
5
5
5

I
2
3
4
5

6
5
5
5
5

+ beach nourishment volumes subtracted

Table 3

Volumes Based On:

Sanibel
Volume Changes

(cy./yr)

r974-r988
Composite Direct Profi.les
1974-1988 To -12 ft. To -18 ft.

Shorelines
t974-1988

No. of
Profiles

Mile I -39 -3 I -21 -30 2
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APPENDD( D

ENGINEERING AIJIERNATIVES
COST ESTIMATES
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BLIND PASS (LEE CO. ) ]NLET UANAGEI{ENT PI,AN
ENGINEERING AITERNATIVES COST ESTII.IATE
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BLIND PASS (LEE CO. } INLET UANACEI.IENT PLAN
ENGINEERING AITERNATIVES COST ESIII.IATE

AITERNATM: A.2. REMoVE THE JETTY AND rrI.I, THE INLET

CONTINGENCY
E&D&S&A

15r l,toB @sT
10t SAND COST

14,O0O CY e$s
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BL IND PASS ( LEE CO. ) I NLET I'IANAGEI'IENT PLAN
ENGINEERING ALTERNATIVES COST ESTIIIATE

ALTERNATIVE:8.1.a. BEACH NoURISHI'IENT 0F NoRTHERN SANIBEL

CONTINGENCY
E&D&S&A

r52
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BLlND PASS (LEE CO. ) INLET I'IANAGEI'IENT PLAN
ENGINEERING ALTERNATIVES COST EST I NATE

ALTERNATIVE:8.1. b. BEACH N0UR I SHI'IENT
I'IAiNTENANCE ON CAPTIVA ISLAND SCHEDULE

CONT I NGENCY
E&D&S&A t0z

FUIURE
tl0RTH
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IlJO R TH

FACTOR
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UNIT C OST
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t1,593,?00
$0
$0
$0
t0
90

$1,59J, ?00
$0
$0
t0
r0
i0

E1,595!900
$0
$0
r0
,0
r0

r1,593,900
t0
$0
t0
t0
i0

a1,5?3,900
t0
$0
t0
TO
t0

t1,593,?00
30
t0
t0
t0

1 . 00000
0,97047
0 .94?60
0.?1514
0.88849
0.86?61
0.83748
0.81309
0,78941
o .7 66C2
0,7440?
0.7?242
0.70138
0.68095
o .6611?
0 . 64186
0 .623t7
0.60502
0.58739
o .57029
0.55368
0.53755
0.52189
0. 50669
0.49193
0 .477 61
o.c636?
0.45019
0. 43708
0.42435
0.41199
0.39999
0. 388 34
0.37703
0. 36604
0.35538
0.34503
0. 33498
0.32523
0.31575
0,J0656
0 .2?7 63
o.?8896
0 .28054
o -27237
0.?6444
0.?5674
0.?c926
0.?4?00
0.23495
0.22ALL

$0
t3.745,874

t0
t0

t1,416,160
30
i0
i0
t0
r0

r1,186,011
t0
s0
r0
90
90

1993 ,?66go
90
t0
t0
$0

9831 , 844
t0
t0
i0
$0
f0

a69 6 ,657t0
t0
t0

0
425000

90

210000

210000

210000

2 10000

? 10000

2 10000

210000

r0
I583,439

50
i0
90
r0
t0

t48A,62t
i0
t0
r0
t0
t0

14O9 ,?L?
$0
i0
t0
t0

$402,300

2 10000

SUI'I OF PRESENT U.IORTHS
CAPITAL RECOVERY FACTOR

AVERAGE ANNUAL VALUE

$10,351,084
0 .0J887



BLlND PASS (LEE CO. ) INLET I''IANAGEI'IENT PLAN
ENGINEERING ALTERNATIVES COST EST I I'IAT E

ALTERNATIUE:8.2. RESTORE NORTHERN SANBIEL AND STABILIZE t,IITH 6ROIN FIELD

CONT I NGENCY
E&D&S&A

$6.00 /cY
t500,000

1,810,000
t497,0O0

FUTURE
TJOR TH

PRESENT
U]ORTH

FACTOR
PRESENT FILL

rloRTH V0LUmE(CY)

I5Z UNIT COST
IOZ I'IOBILIZATION

GROIN COSTS
, ,r,to 5

YEAR

t992
1?95
L99 4
1995
199 6
L9S7
t99g
t9?9
2000
2001
7002
2003
2004
2005
2006
?o07
2008
2009
2010
201 1

?01?
2013
2014
201 5
?016
2017
2018
2019

?o2L
?072
20?3
2A?q
20?5
2026
20?7
202.8
202?
2030
2031
to Jl
203S
ZUJ'I
2035
zo36
2037
2038
203?
20co
2041
2042

t0
t3,984 , 750

90
90
90

a624,705
30
t0
t0
90
30
t0
t0
t0
90
30
r0
t0
t0
$0
t0
t0
i0
t0

1 .00000
0.97087
0.?c260
0.?15r4
0 .8884?
o .86?61
0 .83748
0 . 81309
0.7g9cl
0 .7 66C2
o.74q09
o.7?242
0 . 70138
0.68095
0 .66t1?
0 .64186
o -62317
0.50502
0.58739
0 .57029
0.55368
0.53755
0.52189
0. 5066 9
0.49193
o-47761
o.46369
0.45019
0. 4i708
0.42435
0.41199
0.39999
0.38834
0.3770J
0.36604
0.35538
0.34503
0.53498
0.32523
0.31575
0. 506 56
0 .297 63
0. 28896
0. 28054
o.27257
o.?6444
0.?5674
o.2q926
o -2c200
0.23495
o.22ALL

t0
95,868,689

a0
t0
t0

t54?,326
t0
t0
90
90
r0
t0
t0
,0
t0
30
t0
t0
t0
t0
t0
t0
t0
t0
90
t0
t0
EO
s0
90
t0
t0
t0
$0
t0
t0
t0
t0
t0
t0
t0
t0
r0
90
t0
i0
90
30
90
t0
90

140000

$0
$0
90
$0
$0
$0
a0

$0
$0
$0
90
$0

$0
90
EO
$0
$0
90
90
90
EO
90
TO
90
$0
90
$0

SUI'1 OF PRESENT UIOR THS
CAP I TAL RECOVERY FACTOR

t4,411,016
0.03887

AVERAGE ANNUAL VALUE $171 ,436



EXT. REMOVAL r375.000

BLIND PASS (LEE CO. ) INLET I'IANAGEI'IENT PLAN
EN6INEERING ALTERNAT IVES COSI ESTII'IATE

ALTERNATIVE: B.3. REST0RE N0RTHERN SANIBEL. REI'l0VE JETT
AND PLACE EXTRA FILL ON CAPTIVA ISLANO. AN
CAPT 1VA AND SANIBEL TOGEIHER

YE
DR

X TENS I ON
ENOUR I SH

PRESENT F ILL
IIORTH VOLIJI'IE ( CY )

CONT I NGENCY
E&D&S&A

r 5):
t0z

$ 500,000
96 .00

160 . 000
210;000

YEAR
trUTURE

l,i0R T H

t99?
1993
1994
1995
r?96
1997
1998
t99 9
2000
2001
2002
2003
2004
2005
?006
?oo7
2008
2009
2010
20t7
2012
201 3
2014
201 5
2015
7017
2018
201?
?o20
20?t
?022
20?3
?o?4
20?5
?026
2027
?0?8
2029
2030
2031
?03?
2033
2034
203 5
2036
?o37
2038
2039
2040
2041
20q2

t0
t3, 345,925

t0
t0

t2,049, 300
r0
t0
t0
r0
t0

t1.821 r 600
r0
90
t0
30
t0

r1.5?3,900
t0
t0
t0
90
$0

r1,593,900
90
s0
i0
r0
,0

r1 ,593,900
EO
r0
90
t0
*0

$1.593,900
t0
r0
t0
t0
t0

t1,595,900
t0
t0
$0
90
90

r1.593,900
t0
r0
r0
90

1 .00000
o.97047
0.94?60
0.91514
0. s8849
0 .46261
0,83748
0 . 81309
0.7994t
0.7664?
0.74409
0 .722C2
0 . 70138
0. 6809 5
0 .561 12
0 . 54186
o .6?317
0 ,60502
0.58739
o -5)029
0.53368
0.53755
0.52189
0.50669
0.49191
0,c7761
0. 46369
0.45019
0.43708
0.42435
0,41199
0.39?99
0.3s834
0.3770J
0.36604
0.35538
0.34503
0.33498
0.32525
0.31575
0.30655
0 .?9763
0. 288?6
0.28054
0.27237
o.2644C
0 .?367 4
o.249?6
0 .?4?00
0 . ?349 5
o.z?al1

t0
t3,248147t

t0
30

tL ,a?o .777
t0
t0
t0
t0
EO

t1.355,441
t0
r0
$0
s0
$0

a993.266
l0
t0
t0
t0
t0

$831.844
90
t0
g0
t0
s0

a69 6 ,617t0
a0
i0
t0
t0

t583,43?
t0

0
29 5000

270000

240000

2 10000

210000

2 r 0000

$0
t0
r0
t0

1488 ,621t0
t0
r0
i0
r0

,407 ,?t?t0
t0
60
90

AVERAGE ANNUAL VALUE J405 ,?79

SUI'l OF PRESENT I/]ORT HS
CAPITAL RECOVERY FACTOR

t10.4?7 .7?A
0.03887

I'IOBILIZATION
UNiT COST
FILL VOLUIlE
ADVANCED NOUR

PRESENI
tl0RTH

FACTOR

2 10000

210000

210000



BLIND PASS (LEE CO. ) INLET MANAGEUENI PLAN
ENGINEERING AITERNATIVES COST ESTII'(ATE

ALTERNATM:8.5. SOUTH JETTY AND BEACH NOt RIsll}IENT
ON NORTHERN SANIBEL

CONTINGENCY 15t I,IOBILTZATION
E&D&S&A 1Ot UNTT C'ST

FILL VOLUI{E
SOUTB JET"Y S1,O57,OOO ADVANCED NOUR

FUTURE
}IORTH

PRESENT
}IORTH

FACTOR

s5oo, ooo
s6. oo

320, OOO
210, OOO

YEAR

210000

210000

210000

210000

210000

210000

s0
ss,19s,35s

1 . 00000
0.97087
o .94260
0. 91s14
0 . 88849
0.86261
0.83748
o, 81309
o. 78941
o.76642
o .7 4409
o.72242
0. 70138
o. 68095
o.661,12
0. 64186
o.62317
0. 60502
0.58739
0.57029
0. 5s3 68
0.53755
0. 52189
0. 50669
0.49193
o.477 6t
0.45359
0.45019
0.43708
o .4243s
0.41199
0.39999
0.38834
0.37703
0.35504
0.35538
0.34503
0.33498
o.32323
0.315?s
0.30656
o .297 63
0.28896
0.280s4
o.27237
o .26444
o.2567 4
o.24926
o.24200
0.2349s
0.22811

so
ss,044,034

so
90

s 1, 415 , 160

0
42sOOO

so
s0
s0
s0
s0

s1,185, O11
so
s0
so
so
so

s993,255
so
so
so
so
so

$831,844
so
so
s0
so
$o

s596,657
so
so
so
so
so

ss83,439
so
$0
so
s0
s0

s488,621
s0
s0
so
s0
so

s4o9 ,2t2
$o
s0
so
so

so
so

sr., s93,9oo
s0
so
so
s0
s0

$1, s93, 90O
so
so
so
so
90

s1,s93,9O0
s0
s0
so
so
9O

s1, s93,90O
so
s0
so
so
so

$1,s93,9o0
so
so
so
so
so

s1, s93 , 9OO
s0
so
so
so
s0

$r., s93 , 900
s0
s0
s0
s0
so

s1, 593 , 9OO
so
s0
so
so

SU}! OF PRESENT I{ORTHS
CAPITAI RECOVERY FACTOR

srt,649,244
o. 03 887

AVERAGE ANNUAI. VAI,UE s452,7s4

PRESENT FILL
woRTIl voLIJl.lE ( CY )

r992
1993
1994
1995
1995
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2 011
20L2
2 013
20L4
2 015
20L6
20].7
2018
20L9
2020
202L
2022
2023
2024
2025
2026
2027
2024
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041,
2042

210000

210000



BLIND PASS (LEE CO. ) INLET HANAGEUENT PLAN
ENGINEERINC AI,TERNATIVES COST ESTII.TATE

AI.TERNAAIVE:8.6. PURCHASE HOI.IES AND REROUTE ROAD TO TI{E EAST

CONTINGENCY
E&D&S&A

15* HOUES BIIYOUT
1Ot REROUTE ROAD

s2,3so,00o
s625, OOO

YEAR
EUTT'RE

WORTIi

PRXSENT
WORTH

FACTOR
PRESENT

WORTH

t992
1993
1994
1995
1996
!997
1998
1999
2000
2 001
2002
2003
2004
200s
2006
2007
2008
2009
2010
2011
2012
2 013
20t4
2 015
2 016
20L7
2 018
20L9
2020
202L
2022
2023
2024
2025
2026
202't
2024
2029
2030
203L
2032
2033
2034
203s
2036
2037
2038
2039
2040
2041
2042

1 . OOOOO
0. 9 7087
o.94250
0.91514
o. 88849
0.85261
0. 83748
0.81309
0. 78941
o .7 6642
o .7 4409
o.72242
0. 70138
o. 68095
o.66112
o. 64186
o . 623!7
0.60s02
o. 58739
o .57029
0.55358
o.53755
o.52189
o. so659
0.49193
o.477 6t
o. 46369
o. 45019
o. 43708
o . 42435
o.41199
0. 39999
o. 38834
o.37703
0.36604
o.35538
0.34503
o.33498
o.32523
o.31s75
o.30656
o .29'163
0.28895
o. 28054
o.27237
o.26444
o.2567 4
o.24926
o.24200
0.2349s
o.22a1t

s3,493, 12s
s0

s3,493, 12s
so
so
so
s0
so
s0
so
s0
so
so
so
s0
$o
s0
so
s0
so
so
so
so
so
so
so
so
s0
so
so
so
so
so
s0
s0
s0
s0
s0
s0
so
so
so
s0
so
so
so
s0
so
so
s0

s0
s0
s0
s0
s0
s0
s0
s0
s0
so
s0
so
s0
s0
s0
s0
so
s0
so
s0
s0
s0
s0
s0
s0
so
s0
so
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
so
s0
s0
s0

so
s0
so

SUI.I OF PRESENT WORTIIS
CAPITAI RECOVERY FACTOR

s3,493,125
o. 03887

AVERAGE ANNUAT VAIUE st3s ,'162



L992
1993
1994
1995
1995
].991
1998
1999
2000
2001
2002
2003
2004
200s
2006
2007
2008
2009
2 010
2 011
2012
2 013
20t4
2 01s
2 016
2017
2 018
2 019
2020
202!
2022
2023
2024
2025
2026
2027
2024
2029
2030
2 031
2032
2033
2034
203s
2036
2037
2034
2039
2040
2041
2042

1. OOOOO
o.97087
0.94260
0.91514
0 . 88849
o.85261
0.83748
0 . 81309
0. 78941
o.76542
o. 74409
o.72242
0. 70138
0. 6809 5
0. 56112
o. 54186
o.623t7
0. 60502
0. 58739
0. s7029
0. 55368
o,53755
o.52189
o. s0669
0. 49193
o.47761
0. 46359
0.45019
0.43708
o.42435
0. 41199
o. 39999
0. 38834
o.37703
0. 36504
o. 35538
o.34503
0.33498
o.32s23
0.31575
0. 30656
o .297 63
0.28896
0.280s4
o.27237
o.26444
o.2s674
o.24926
o.24200
o. 23495
o.22SLl

BLIND PASS (TEE CO. ) INLET T.TANAGEMENT PLEN
ENCINEERING IITERNATIVES COST ESTII{AIE

ALTERNATMIB.?. Pt RcHtSE IIOI.{ES AND REVET ROAD

CONTINGENCY
E&D&S&A

15t HOI{ES BI'YOUT
1Og REVETMENT

s2,350, OOO
s800, 0oo

YEAR
FUTURE

WORTH

PRSSENT
I,IORTH

FACAOR
PRESENT

WORTII

so
so
so

s1o9, 12O
so
so
so
so

s94,128
so
s0
so
s0
so
so
s0
so
s0
s0
s0
s0
s0
so
so
so
so
so
so
$o
so
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
s0
so
so
s0
so
so
so
so
$o

s3,714,5OO
so
so
s0
so

s126, s00
so
s0
so
s0

912 6, sOO
so
90
s0
so
s0
s0
s0
50
so
so
so
so
s0
s0
s0
s0
s0
s0
s0
s0
so
s0
so
so
so
$o
so
s0
s0
so
s0
so
so
so
so
s0
s0
s0
so
s0

s3,714,5OO
so

SUM OF PRESENT IIORTHS
CAP ITAI RECOVERY FACTOR

s3 ,917 ,144
o.03887

AVERAGE ANNUAI- VA]-T'E $r52 t26s



BLIND PASS(LEE CO.) INLET I{ANAGEUENT PLAN
ENGINEERING ALTERNATIVES COST ESTII,TATE

AITERNATM:8.8. DRIDGE FLOoD SHOAI

CONTINGENCY
E&D&S&A

15t
10r

I'{OBILI ZATION
T'NIT COST

FUTI'R8
WORTH

PRISENT
WORTII

FACTOR

s150, ooo
s2. so

PRESENT FILL
woRTH VOLUME ( CY )YEAR

1992
L993
L994
1995
1996
L997
1998
1999
2000
2001
2002
2003
2004
2005
2006
200't
2008
2009
2 010
2 011
2012
2 013
20!4
2 015
2016
20L7
2018
20t9
2020
202r
2022
2023
2024
2025
2026
2027
2024
2029
2030
2031
2032
2033
2034
203s
2036
2037
2038
2039
2040
2041
2042

1 . OOOOO
o. 97087
0.94260
o.91514
o. 88849
o.8626L
0. 83748
o. 81309
0. 78941
o .7 6642
o -7 4409
o.72242
o. ?o138
0. 68095
o. 66112
o.54186
o .62317
o. 60502
0, 58739
o.57029
0.55358
o.53755
o. 52189
0. 50669
o.49193
o .477 6L
o.46369
o.45019
o.43708
o. 42435
0.41199
o.39999
0.38834
o.37703
0.36504
o.35s38
o.34s03
o.33498
o .32523
o.31575
o.30656
o .297 63
o.28896
0.28054
o .27 237
o.25444
o.25674
o.24926
o.24200
0.23495
0.22811

so
s3?9, soo

so
s364,447

s0

o
50000

s0
so
$o
so
so
so
so
s0
so
so

so
so
so
so
s0
so
s0
s0
s0
so
s0
so
so
so
so

so
so
so
so
so
so
5o
SO
so
s0
so
so
so
s0
s0
s0
s0
so

so
s0
so
so
so
s0
so
so
so
so
so
so
so
so
so
so
so
s0
s0
s0
s0
so
$0
so
so
s0
s0
s0
so

s379, sOO
so
s0
s0
so
so
so
so
s0
so
so
s0
$0
s0
s0
so
so
so
so
so

s1s1,79s
s0

60000

SUM OF PRESENT WORTHS
CAPITAI, RECOVERY FACTOR

ss2o,242
o. 03887

92O,2t9AVERAGE ANNUAI, VAIUE



SLIND PASS (LEE CO.) INLET I1ANAGEIIENT PLAN
EN6INEERING ALTERNAT IVES COST ESTIIIATE

ALTERNATIVE:8.10. COUNTY BUILDS 800' REVETIlENT' IlAINTAIN BEACH 0N N0RTH
SANIBEL' RENoURISH tIITH CAPTIVA PRoJECT

CONT I NGENCY
E&D&S&A

I )?i
102

I'IOBILIZATION
UNIT COST

$ 500,000
s6 .00

FUTURE
tJ0RTH

PRESENT
tl0RTH

FACTORYEAR
PRESENT FILL

UORTH VOLUIIE ( CY )

t9??
1993
1994
1995
199 6
1997
I ?98
t999
2000
200 1

2002
2003
2004
2005
2006
?007
2008
2009
2010
201 1

20l2

?oL4
2015
2016
2017
2018
20 L9
2020
?O?L
70?2
2073
2074

2028
70??
2030
20t 1

2032
2033
2034
2035
20J6
2037
2038
2039
2040
2041
20c?

91.,012!000
$1,657,150

50
t0

t2 ,o49 ,30O
EO
$0
t0
$0
t0

91r821r600
$0
$0
$0
$0
s0

$1,593,900
$0
$0
$0
t0
so

91,593,900
90
$0
EO
$0
$0

$1,593,?00
$0
$0
EO
t0
90

$1!593r900
$o
EO
$0
$0
$0

$i,593, ?00
$0
$0
$0
$0
r0

$1,593,900
$0
$0
$0
$0

1 .00000
0.s7047
0.94?60
0.91514
0.88849
0.86261
0. B 3748
0.81309
0.78?41
o.7664?
0.7c409
o.7224?
0.70138
0.68095
0.66112
0 .64t86
0 .6?3t7
0.60502
0. 587t9
0.57029
0.55368
0.53755
0 . 52189
0.50669
0.49193
o.c776t
0.46369
0.45019
0.43708
0.42435
0.41199
0.39999
0 .388J4
0.37703
0 .36604

0.34503
0.53498

0.31575
0.30656
0 .797 63
0.28496
0.28054
0.27237
0.7644C
0.?5674
o.249?6
o.2q?00
0.234?5
o -22All

61 , 012 ,000
t1,608,883

t0
$0

sL,8?0,777
$0
$0
$0
$0
$0

$1,355,441
EO
$0
90
r0
i0

7?93,266
$0
r0
$0
t0
$0

9831 , 844
s0
90
$0
t0
$0

9696,657
$0
$0
$0
t0
$0

I583 r 439
$0
r0
90
$0
90

$488.621' 90
$0
30
90
$0

$4O9 ,?12
90
t0
i0
$0

135000

270000

240000

210000

210000

210000

210000

210000

SUI'1 OF PRESENT IIORTHS
CAP I TAL RECOVERY FACTOR

AVERAGE ANNUAL VAL UE $380, 887

210000

$9,800.141
0.03887



BLIND PASS (LEE CO.) INLET UANAGEUENT PLAN
ENGINEERING AITERNATIVES COST ESTII.{ATE

A!TERNATIVE:B.11. BEACH NOURISIIMENT AND SEGI{ENTED oFFsItoRx BREAXT{ATER

CONTINGENCY
E&D&S&A

15r
10r

FUTURE
WORTH

SAND T'NI?
I.{OBILIZATION

ARAAXWATER @STS
1OO0 Fr. e S3, 1OO/Fa.

s5.oo /cY
s soo, ooo

s3, 1OO, 0OO

YEAx,

PRESENT
WORTH

PACTOR
PRESENT TILL

woRTE VOLT UE (CY)

16 00 00
so

ss, 600, 388
so
so
so
so
so
so
so
s0
so
so
so
s0
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INIET STABILITY STUDY AT BIIND PASS,
LEE COUNTY, FI,ORTDA

This investigation was motivated by the need to examine the stability of Blind Pass inlet in con-
juction with a study to develop options for the management of the inlet and the nearby beaches.

The study efforts entailed using analytical models based on Keulegan-type inlets to attemPt to
characterize the long-term stability of Blind Pass, and a numerical model based on one-dimensional

integrated momentum and flow and sediment continuity equations to model its short-term stabil-
ity. lnterpretation of photographic records coupled with a review of published reports was vital in

assessing the morphological development of Blind Pass.

Based on these efforts. it may be concluded that the rate of sediment supply to the inlet
has reduced measurably. principally a result of jetty construction and its subsequent extension.

From long-term stability criteria, Blind Pass is found to be marginally stable based on pr€sent

configuration. At this stage of its continuing development, this inlet is apparently still adjusting to an

equilibrium state. Other than external factors such as variation in waveinduced sediment transport
and the relative well-being of adjacent inlets especially Redfiih Pass, the apparent reluctance to
gravitate toward equilibrium may be the result of the lateral restraint imposed by bridge abutments.
The altered morphological response manifests in a greater than expected depth at the inlet cross-

section. However, further excursion of the depth due to scour is likely to be met with increased

soil strength and reduced scouring power of the flow, thereby preventing the adjustment of the inlet
section to the predicted equilibrium state. ln terms of short-term stability. it is suggested that
the critical rate of deposition in the inlet for which the inlet is just in a self-flushing condition is

about 250 cu.m/day. which is in qualitative agreement with the volumetric computation based on

the growth of the flood tidal shoal.
To the extent that two geographically close inlets can interact mutually, theoretical consider-

ations indicate that one of the inlets will exhibit tendency toward shoaling and eventual closure.

Based on past documented developments of Blind Pass and Redfish Pass. it is apparent that Redfish
Pass is the dominant inlet in the analogous twin-inlet system considered. While Blind Pass has

undergone alternate closure and reopening, underscoring its susceptibility to instability, the chronic
shoreline erosion prevalent along Captiva lsland appears to have helped reduce the sediment loading
that would otherwise have gained ingress into the inlet. Furthermore, the interruption of longshore
sediment transport by the jetty and the elficient bar-bypassing mechanism across the inlet further
mitigate against any tendency toward permanent closure.

The analytical and numerical eflorts yield a "potential" representation ofthe inlet in a simplified
setting. Combining the idealized scenario considered with field experience derived from published

reports, it is suggested that the efforts at shore protection, especially jetty construction, may have

given a new lease of life to Blind Pass. However, some engineering improvements such as channel
dredging in the interior may be required to ensure the continuous presence of the inlet.

tv
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Chapter 1

INTR,ODUCTION

1.1 Background
Blind Pass is one of many inlets that punctuate the southwest coast of Florida facing the
Gulf of Mexico. Located in Lee CountS it separates the Captiva Island to the north and
Sanibel Island to the south and connects a part of Pine Island Sound to the Gulf. The inlet
was first opened naturally around three hundred years ago and for quite a while behaved
as a tide-dominated inlet with a prograding ebb-tidal shoal. Since the opening of Redfish
Pass to the north in 1926, the inlet has gravitated towa.rd a wave-dominated one, and is
less stable. The capture by Redfish Pass of a substantial portion of the tidal prism that had
kept Blind Pass active since its inception by the Redfish Pass is evidenced by the alternate
closure and opening that has typified its existence up to at least the middle 1980s. Its
emphemeral existence is also evidenced by the disintegration of the once stable ebb tidal
shoal to relative insignificance. Concern, for instance, regarding the water quality in the
part of Pine Island Sound that abuts the inlet has prompted studies on the morphological
development of the inlet and its longevity. The present study is motivated by the need to
examine the stability of the inlet in conjunction with a study to develop options for the
management of the inlet and the nearby beaches.

L.2 Scope of Study
The scope of study as embodied in this report is confined to the physical inlet response
using both analytical and numerical approaches to inlet hydraulics. The report outlines
the approaches and calibration process and presents the computation results in an effort
to characterize the inlet stability. The report consists of the following main elements:

a) collation and review of all the available study reports on Blind Pass in order to recon-
struct the morphological development of the inlet with the aim of obtaining input
parameters for subsequent analysis;

1



b) analysis of primary and secondary data;

c) detailing the use of a.nalytical and numerical approaches to cha,racterize the inlet sta-
bility behavior with a view to predicting its response under difrerent scenarios; a.nd

d) preliminary conclusions and recommendation for refinement.

The numerical model used is a one"dimensional code that describes the response of a
Keulegan-type inlet-bay system to sinusoidal tidal forcing. The model includes the effect
of precipitation and has been applied to Phillips Inlet south of Pa.naua City [Lin, 1988].

2



Chapt er 2

MORPHOLOGICAL STUDY

2.L Morphological Changes

In addition to the relevant study reports, the authors have relied on the collection of old
aetial photographs in the Coastal Engineering Archives a^nd monitoring reports associated

with the Captiva Island Beach Nourishment Project [Coastal Pla.nning & Engineering, lnc.,
1990 & 19911 and the associated photographic records supplied by Coastal Planning and
Engineering, Inc. This store of documented and photographic information was converted
into a chronology of events and description of temporal morphological cha.nges to facilitate
better understanding of the morphological development of the inlet as summarized in
Tables 2.1 and 2.2, respectively.

It is apparent from Table 2.1 that Blind Pa.ss has undergone a series of closures and
reopenings ix; a consequence ofthe predominant southerly drift. The alternate inlet closure
and opening represent an efficient pathway whereby sediments are fed to the south, i.e.,
Sanibel Island. Prior to 1926, the inlet section at Blind Pass measured 200 m across by 5
m deep due to the appreciable wate! surface area it commanded in the Pine Island Sound.
Following the opening of Redfish Pass in 1926, the tidal prism that had maintained Blind
Pass shrunk considerably due to flow diversion through Redfish Pass, which grew to a size
about twenty times that of Blind Pass with significant development of the ebb-tidal shoal.
Subsequently, there has been at least three episodes of downdrift migration, closure, and
reopening. While the frrst two phases of the cycle may occur over time, the reopening is

usually an episodic phenomenon that occurs during storm events. Since severe storm events
are always accompanied by storm surges, some as much as 2 m above the mean water level,
it is likely that the sand bar was breached by the overtopping water from the sea and the
subsequent enlargement of the initial breach was aided by scouring of the pilot cha.nnel by
outflowing water from the bay side. Consequently, the time of occurrence of inlet closure is
easier to trace, normally being narrowed down to the particular hurricane that occurred in
the year concerned. Examples are 1960 (Hurricane Donna), 1972 (Hurricane Agnes) and

3



Year Ewnt Rcmarka

995 BP
-655 BP

Original pass opened. ref. CPE. Inc.

3OO BP Pass broke through barrier island. ref. Winton et al.
Inlet broke through near the current podition. ref. CPE. Inc.

1888 Inlet @ throat : 2AO m x 5 m. Downstream
ofset of 250 m.

ref. US Army COE.

1926 Opening of Redfish Pass. A substantial portion
of tidal prism captured.

1941 New inlet opened near cument position. Possibly
the result of hurricane.

ref. CPE. Inc.

Inlet width at throat : 60 m. ref. 5

Inlet width at throat : 2Q m. ref. 5

8l2e-e /13 /
1960

Hurricane Donna reopened pass. ref. CPE. Inc.

1961 Direct inlet closed. F low exit further south. ref. CPE. Inc.
1962 Gulf entrance reportedly closed by storm action ref. US Army COE.
1964 Inlet closed by spit.
1966 Historical flow area : 95 m2 . ref. Whton et al.
1970 Historical flow area : L6O mz . ref. Winton et al.

Hurricane Agnes reopened pass. ref. Hine.
7972 Short riprap jetty constructed on the north side. ref. CPE. Inc.
797 4 Historical flow area = l4O mz ref. Winton et al.
1975 Historical flow area = 42 m2 ref. Winton et al.
tl176 Gradual inlet narrowing in the past several

months closed inlet to boat traffic.
ref. Island Rept.

May 1977 Inlet closed by tidal accretion. ref. Larson.
1979 Inlet closed ref. Davis & Gibeaut
6 /1e82 Subtropical 'No-Name' storm reopened pass.

Minimum Cross-sectional area : 56 m2.
ref. Hine.

t2/7987 Inlet closed ref. Dean & O'Brien.
1988 Inlet remained open ref. Davis & Gibeaut.
tt/88 Termiral groin lengthened by 31 m. ref. CPE. Inc.
8/1e91 Throat Croes-section below NGVD = 64 m2. Computed based on

field data.

4

Table 2.1: A Chronology of Events, Blind Pass

1883

r953
1958

ref. CPE. hrc.

1972



1982 (Subtropical Storm '11o 1r1"rne'). On the other hand, the estimation of the time of
closure is very rough indeed and is usually given in interrral of years in published reports.
The preparation of Table 2.2 is in part aimed at arriving at a better estimate of an actual
closure event so that its replication by the numerical model will yield the values of the
relevant calibrating parameters for predictive purposes.

As apparent from Table 2.2, therc are gaps in the sequence of aerial photographs and at
other times there is a cluster of closely spaced shots in time. While this irregular temporal
coverage does help elucidate some of the processes, the static and gapped coverage does

not reveal substantially more information as regards the timing of the closure events.

However, the lateral migration of the ialet cha.nnel and the timilg qf ths construction and
completion of the north jetty are appa.rent from the photographic recor&. The jetty is

believed to have been constructed withia a several-month period from July to November,
1972. The episodic nature of the inlet opening is also borne out, this paricular one occurilg
within the three-week period from June 23 to July 15, 1972. Prior to the inlet opening,
the southward extending inlet channel wa.s observed to be clogged with wave overwash
deposits. The clogged waterway may have helped to conceD.trate bay water in the wave.
created pilot channel, and hence to scour out a more or less equilibrium inlet channel as

evident from the progressive widening of the inlet from time.lapsed photographs.

2.2 Longshore Sediment Transport
An estimation of the longshore sediment transport is a necessary input to the numerical
model. A concomitant input is the estimated percentage of the amount of longshore drift
that enters the inlet during the ebb, the amount that deposits on the flood tidal shoal, the
amount that leaves the inlet in the ensuing flood, the amount of the ejected material that
deposits on the ebb-tidal shoal or rejoins the longshore transport system, and the amount
that returns in the next ebb-flood cycle. A sediment budget balance will then enable an
estimate of the amount of littoral materials that actually settle out during each ebb'flood
cycle and deposit in the inlet section to be made.

A relatively simple way of computing littoral drift along the coastline of Florida based
on visually observed waves from ships has been presented by Walton [1973]. The method
uses the SSMO (Summary of Synoptic Meteorological Observations) wave data, which are
a compilation of meteorological and sea state observations made from ships plying through
"Data Squares" defined by their longitudes and latitudes, as input in computing longshore
energy flux and consequent littoral drift based on linea^r wave theory, The basic equation
used is:

: c!a'"c o" co o, "i, orrjffi
where

Qr (2.1)
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Table 2.2: Temporal Morphological Changes at Bliad Pass

Datc Obscrtation Record Tgpe

1859 Wide inlet channel flanked by south-growing sand spit and
exit far to the south of interior chanoel.

Fig. 1.3 in
ref. Winton et al.

188 3 Inlet broke through the spit Air photo.
1944 Direct inlet closed, Inlet flow exit about 2.0 ftm

south of interior channel.
Airphoto.
(ref. 13)

Early
1950s

Direct Inlet closed. Inlet flow exit south of interior
channel and was flanked on the left by southward growing
sand spit with vegetation on its northern half.

Airphoto.

1958 Inlet has migrated about 2.8 ftm to the south Fig. 1.3 in
ref. Winton et al.

1960 Hurricane Donna opened a new gap at the spit. Air photo.
1961 Gap closed and inlet exit far to the south. Air-photo.
2/66 Direct inlet closed. Inlet flow exit further south

outside record confines. Closure bar not vegetated.
Slide.

2/t4/70 Inlet completely closed. Closure bar not vegatated. Airphoto.
4/72 Direct inlet closed. No jetty yet. Inlet flow exit

further south outside record confineg. However, closure
bar has thinned.

Slide

6/23/72 Direct inlet essentially closed. Wave overwash depoeits
clogged up exit channel. Rock outcrops/partial jetty (?)
visible.

Airphoto

7lt5/72 Direct inlet partially open. (size : { of bridge span.) Airphoto.
tt/30/72 Inlet eize : I of bridge span. Jetty in place. Updrift fillet

began to form. Rivermouth bar deflected close to left bank.
Airphoto.

7 /73 Inlet open. Jetty in place. Updrift accretiou fiIlet just
visible.

Oblique
photo.

1975 Fig. in ref.
CPE. Inc.

ll/.ay(?)/7a Inlet partially open. (| of biidge;tanJ Airphoto.
Inlet compietely closed. Fig. 1.3 in

ref. Winton et al.

6
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Date Obsensation Recod Typ
r0/25178 Inlet completely closed. Updrift fillet full. Airphoto.
Lllrl78 Inlet completely closed. Updrift flIlet full. Downdrift

beach straight.
Airphoto.

Lll2l78 Inlet completely closed. Updrift flllet full. Airp hoto
1tl12l78 Inlet completely dosed. Updrift flliet full. Airphoto.
t2180 Inlet completely closed. Updrift fillet full. Slide.

5/14/85 Inlet open. Updrift fiIlet full. Airphoto.
10/8/85 Inlet open. Updrift fillet receded slightly behind jetty head. Airphoto.
2/25/86 Inlet open. Updrift fillet full. Airphoto
sle186 Inlet open. Ilowever, sediment bypassed jettyand recurved

into inlet mouth. Inlet channel deflected southeastward.
Airphoto.

to/s186 Inlet open. Updrift fillet receded behind jetty head.
Downdrift deposition disappeared and bulge appeared on
right bank of mouth.

Airphoto

rl87 Inlet open. Updrift fillet full. Flow confined by linear
ebb-shoal bar.

Slide.

411187 Inlet open. Blown up
airphoto.

2ls0 Inlet open. Updrift fillet full.
(Jetty extended by 31 m by end of .1988.)

Slide.

5l1,le0 Inlet open. Updri{t fillet receded slightly behind jetty head. airphoto
12/t3/e0 Inlet open. Updrift fillet about 15 rn behind jetty head. Blown up

airphoto.
t2130/e0 Inlet open. Updrift accretion full and sediment bypassed

jetty and deposited immediately downdrift.
Airphoto

4le/sl Inlet open. Updrift fillet receded behind jetty head.
Downstream deposition disappeared. Right bank of
inlet mouth deflected southward forming funnel shape
followed by a planform bulge.

Airphoto.
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Qr : littoral drift rate (S);

C : a constant correlation coefficient equalling 125;

,y : specfic weight of sea water (: 64 fit);
.E, : deepwater wave height (/t);

Coo -- deepwater wave group velocity (/t/s);

ao : deepwater wave approa.h angle;

ao : breaking wave a.ngle; and

Kt : friction-percolation coefficient (: 0.01).
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While the method contains numerolut assumptions, which is a necessary outcome of the
simplicity of approach adopted, the magnitudes of net drift computed are in reasonable

agreement with other estimates. Hence, the annual drift values for Blind Pass, which
lies within the physiographic reach from San Carlos to Boca Grande, are taken from the
littoral drift roses in the above report {Walton, 1973] based on the local azimuth of the
shore normal. The azimuth angles are an average ofthe shoreline trends at several different
times, care being taken to disregard local variations in order to reflect the more regional
shore orientation. A follow-up work by Walton [1976] has included the monthly drift roses

and the same were extracted to yield monthly drift values for Blind Pass as summarized
in Table 2.3.

Blind Pass is situated at the break in shoreline orientation, which signifies the abrupt
end of the north-western termimrs of Sanibel Island. The major change in shore configura-
tion at this point is controlled by a subsurface structure formed in the geologic past {I{ine,
1987]. From Table 2.3 it is noticed that there are two distinct drift patterns, predomi-
nant northerly from March to September and the reverse for the balance of the year. The
high northerly transport tends to coincide with the hurricane seiuons, which usually occur
during the third quadra.nt of the year and the hurricane route generally veers to follow
a direction in the north-east sector after tracking through the lower half of the Florida
peninsula.

On the other hand, the southerly transport is a consequence of winter wave action,
Combined with the photographic interpretation in previous sections, it is suggested that
the northerly drift is the agent that tends to close Blind Pass while the hurricanes are
responsible for the reopening episodes, primarily associated with storm surges generated
in the process. Other relevant volumetric rates have been computed for the flood tidal
shoal; these being being L4,OQO yd,s fyear for the period 1956 - 1960 and 22OO yds fyeor fot
1960 - 1989 respectively [Coastal Planning & Engineering, Inc., 1990]. While the reduction
in the growth of the flood tidal shoal may be linked to the repeated closure of the inlet,



Table 2.3: Longshore Transport Rate at Blind Pass

Annual 350 230 120 s
Janua^ry 840 90 920 750 s
February 750 150 900 600 s

March 410 250 660 160 s
April 50 400 450 350 N
May 80 240 320 160 N

June 20 300 320 280 N
July 220 20N

August 50 170 220 120 N
September 90 340 160 N

October 220 160 380 60s
November 320 100 420 220 S

December 240 210 30s

longshore transport system is lelatively easily and rapidly carried southward across the inlet
and passed on to the downdrift [Hine, 1987], an eficient bar-bypassing process.

For cornparison purposes, Davis & Gibeaut [1990] have reported a net southerly drift
of 84,000 rn3 fyr cornpard. to about 44,000 m3 fyr based on Table 2.3. On the other hand,
Coastal Planning & Engineering, Inc. [1991] gives the net longshore transport at Blind Pass
as about 3l.,000 rn3 fyr for the period 1974 - 1989 while the corresponding figures for the
periods 1955 - 1974 and 1941 - 1955 are given as about 54,000 and 82,000 m3 fyr, respectively.
Considering the usually large differences that attend sediment transport prediction, the above
values can be deemed as close, the discrepancies at least in part arising from the subjective
interpretation of the shoreline azimuth for the former two since they are both based on
littoral drift roses of Walton [1973].
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FIELD DATA ANALYSIS

The following field data collected in July/August 1991 by Coastal Planning & Engineeriag,
Inc, were analysed to obtain geometric and hydraulic data required for the subsequent
portion of the study:

a) cross-sectional survey covering the inlet and a substantial part of the flood shoal;

b) one continuous point curtent measurement at about one.third depth located at the
throat section;

c) two surface current measurements using drogues; and

d) spot tidal elerration measurements at selected locations and times.

3.1 Tides
While simultaneous measurement of both ocean and bay tides is desirable, the scant tide
data collected in the field necessitates recourse to predicted tides by National Ocean Service
(NOS), which was found to be in general agreement with the few measured spot tidal
elevations. Hence, the NOS Tide Tables are used to generate the Gulf tide required in the
analysis.

These tides are generated numerically using the tidal constituents reported in Winton
et al [1981], which a"re then plugged into the general equation:

Jl .2nttn=ao+farcos(f-4) (3.1)

where 4,n is the resultant tidal variation at time t, being composed of N constituents.
The amplitude, phase, and period of the rttr constituents ar€ @;, 6;, and ?j, respectively. aa
denotes the displacement from the reference datum, in this case the 1965 Mean Low Water,

10
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Table 3.1: Tidal Constituents used in Generating Gulf Tide (ao:0.18 rn)

Constihtent Period, T;
(solarhr.)

Amplitule, a;
(-)

Phose, 6;
(legree\

Mz 12.421 0.1869 77 .82L9
S2 r2.m0 0.1001 99.6483

N2 12.658 0.0299 194.7250
23.934 0.0528 185.8227

O1 25.819 0.1079 115.1912

P1 24.066 0.0601 132.1366

Kz 11.967 0.1351 342.0671
Y2 12.626 0.0157 145.0242
Mt 24.833 0.0082 248.4851

J1 23.099 0.0088 238.9296

Q, 26.868 0.0298 221.50 r3
L2 12.191 0.0461 140.3845

Mt," 219.191 0.0539 62.457 4

M1 327.869 0.0578 81.6405

Mtl 354.365 0.0690 225.0927
M,. 661.230 0.0161 193.1L22

to the mean water level. Table 3.1 lists the 16 tidal constituents with their respective
periods, amplitudes and phases, the latter two being obtained by harmonic analysis of a
35-day period continuous tidal data collected in Oct/Nov 1978 and conducted by Winton
et al [1981].

Fig. 3.1 shows a plot of the generated tide, which exhibits a mixed state with two
unequal highs and lows in a day. The mean tide range is about 0.50 rn while the mean
diurnal range is 0.80 m as repo ed in the NOS Tide Tables. Fig. 3.2 shows the variation
of Gulf tidal range that will be used as input for the numerical model.

The generated tides are reduced to National Geodetic Vertical Datum (1929) by using
the following tidal datu'ns for the open coast gage at South Captiva Island (Station I.D.:
5383) [Balsillie et al, 1987]:

Mean Higher High Water :0.46 m NGYD;

Mean High Water : 0.39 m NGVD;

Mean Tide Datum : 0.13 rn NGVD;

Mean Lower Low Water : -0.13 m NGVD;

11
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Meao Low Water : -0.29m NGVD; and

Mean Tide Range = O.52 m.

Another source ha.s placed the MEW on adjacent beaches at O.52 m NGVD [Coastal
Engineering & Planning, Inc., 1991]. Judging from the simplicity of approach and the ma.ny

assumptions inherent in the study approach, the discrepancy was deemed tolerable and no

effort was made to reconcile the difference. As an added simplification, the NGVD was

used as the reference datum to compute the geometric properties of the inlet as elaborated
in subsequent sections. The difference in the mean tide level between the Gulf and the bay
is taken from Winton et al [198r], beiig 0.10 m, and is used in the model.

3.2 Currents
The measured current, which is mainly tide.driven and shown in Fig. 3.3' shows a similar
pattern of change to the tidal variation. Current deflection from the inlet a:<is is apparent
from Fig. 3.4, where the ebb and flood flow directions are each modified by the inlet exit
a"nd entrance geometry. The peak ebb current is stronger than the peak flood curtent,
being about 1.3 rnla and 0.9 rn/s respectively. The corresponding peak surface currents
are about L.6 rnf s and 1.3 rn/s based on surface drogue measurements. Assuming a
theoretical logarithmic velocity distribution and accounting for variation in the transverse
direction, the mean cross-sectionally averaged velocity is taken to be about 1.1 m/s for
calibration purposes. This value is also consistent with those indicated in coastal cha.rts,

which indicate that velocities up to 1.1 rnf s nay be expected to occur in inlet throats.

3.3 Geornetric Data
The survey data were analysed to yield the geometric data as sumnarized in Table 3.2
and graphically depicted in Fig. 3.5 and 3.6.

It is noted that while the throat flow depth, h", occurs at Section 4, the throat flow
area, Ac, occurs at section 10. In the field, Section 10 is located at a constricted part
of the flow channel due to the presence of an island that bifurcates the flow. This island
most likely originated as a part of the flood tidal shoal the subaerial part of which became
colonized by vegetation and eventually the entire complex beca.me a stable feature. There
are other m:urgrove-covered islands within the channel that connects Pine Island Sound
to the Gulf. Tmmediately downstream of Section 10 is a branch channel that serves as

an escape conduit for the incoming flood flow that would otherwise pile up against the
constricted Section 10. Hence, for the present purpose, the inlet channel is considered to
be stretching from Sections 1 to 7, and the water area thereafter is considered part of the

t2



Table 3.2: Geometric Data for Blind Pass

Cross-section
No.

Distance
(-)

Cross-section
Area (rn 2)

Mean Depth
(^)

1 0 725 0.8
29 91 1.0
60 64 1.5

4 76 64 2.1

5 116 94 1.8

74 t.2
7 163 0.9

10 259 1.4

11 57 1.2

72 648 76 0.8

13 984 189 0.7

14 1296 0.9
15 1548 0.7
16 t7 47 275 0.5

bay area. Confining the analysis to the first seven sections, h" zrtd A" are found to be 2.1
m and 64 rn2, respectively.

The equivalent length of the inlet, .L", is next computed using the following expression

[Bruun, 1978]:

L": Aiht .L Ar,

!-AA (3.2)

where,46 and h; a.re the individual cross-sectional areas and mean flow depths below Mean
Water Level as summarized in Table 3.2 and Az; is the channel length of the itlz segment.
In this way, the equivalent length is found to be 194 rn, i.e., longer than the mea.sured
length due to the irregular geometric shape of the inlet that increases flow resistance.
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Chapter 4

ANALYTICAL STUDY

4.L Inlet Hydraulics
The first pa.rt of the analytical study entails using the one dimensional model equatioa
developed for the Keulegan-type bay to obtain para.meters that characterize the hydraulic
behavior of the inlet. The principal assumptions inherent in the analysis are:

a) the forcing tidal variation is sinusoidal in time;

b) effects of tides dominate over wave.induced effects;

c) negligible spatial variation in water surface elevation and velocity within the inlet chan-
nel; and

d) the bay is a small and deep body of water in which the kinetic energy of the flow issuing
from the chanael is dissipated, and the instantaneous water surface is horizontal
throughout.

Combining the resulting momentu.m and continuity equations leads to the following
second-order ordinary differential equation a,s the governing equation of motion [Bruua,
1e781:

d'n" F drl e ld,rlsl . gA" gA"zi;*mfrl;l*ffi,,:ih,. (41)

where

?o : ocean elevation;

qe : bay elevation;

.Aa : bay surface area;

14



(4.3)

(4.4)

(4.5)

/c : cross-sectional area at throat;

trc : equivaleot channel length;

g : acceleration due to gravity; and

I : impedance given by:

F:k"o+k".+* $.2)

where

/c"r, : entrance loss;

kcx : exit loss; and

.f : Darcy-Weisbach friction factor.

A relatively simple solution to the non-dimensioual form of the governing equation of
motion based on the describing function technique can be found in Bruun [1978]. The
resultiag solutions as used in the present study are reproduced below:

io: sir- ai

ia=daslrr'(oli-e)
i:ir^."cq(ai-e)

[(1 - "')' + p2)i - (L - o.')'
.L

da: (4.6)

(4.7)

(4.8)

e :tan-llzu:")

I 2
l.L

ABllmoz

where

n": le

a:

li,,
dimensionless tidal frequency : ll#)f ,,

gA,
L,Aoi!-E-;fia u o'4. .

6,8 : 
o@;

aB : bay 11fl21 amplitude;
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@o : oc€8rr 1id2l arnplitude;

E : depth-averaged florr, velocity;

- 
16Pd2.

3'' '

g = dimensionless damping coemcient - ffia,; and

o - tidal frequency

In addition, an additional corection to tr" ia the dimensional tidal frequency, a, is included
via the following equations:

l.L

1,"_Y6tw)
L"1 : L"* Il,

where

trl : correction;

I7" : width of idealized inlet; and

trcr : value to be used in evaluating a.

Since a also appears in Equation 4.9 above, the correction is obtained iteratively.

(4.e)

(4.10)

4.2 Long-terrnStability
The second part of the analytical study involves computation of the relation between the
repletion coefficient, K, and the manimum flow velocity at the throat, u-o,, which enables
a qualitative assessment of the hydraulic stability of the inlet to be made. This is followed
by the use of the O'Brien relationship linking the tidal prism, O, and the minimum flow
a.tea, A", from which the sedimentary regime of the irlet can be derived. The superposition
of the hydraulic and sedimentary stability criteria then yields the inlet stability diagr"'"
for Blind Pass.

The various analytical expressions required for the above analysis are well-documented
in the literature [Bruun, 1978; EscofEer & Walton, 1979; Mehta & Bruun, 1983] and are
reproduced below:
Hydraulic Stabili ty:

A.F"tl-2sT
,1 -4 ZtrABy@
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where

r^- (g-!:' +m)-* g.n)'Bi
where .tln is a dimensionless head loss pa.ra.meter. The value of "I( is then obtained iteratively
using the following equation:

lf : \teog 1 o!1

a2 : a?(

A";

?(
Ki
K

(

)'u,j-' (4.13)

(4.14)

(4.rs)

(4.16)

(4.17)

4

1f
t| "*a.12 

+ sh' d") * o" sind"l

o^:"iL-t(2*::;Gl
K
K;
K

)
_P

)A
K;

u,,*,:2ff(r+sina") (4.18)

where q is the tributary inflow and other parameten ale as defined earlier.
The above set of equations, which is described in Escoffier & Walton [1979], incorporates

the effects of inertia through the dimensionless tidal frequency term, o, and of tributary
inflow through g found in the equation containing c. Equations 4.16 and 4.L7 arc assumed
variations of a and .A" relative to If where the subscript i denotes initial values before
accretion or erosion. The value of the parameter p lies between 0.6 for the condition when
the wetted perimeter is assumed to vary but aot.R, the hydraulic radius, and 1.0 for the
opposite condition in response to sedimentary processes. It is used here as a calibrating
parameter to reproduce the measured flow velocity.
Sedimentary Stability

(4.1e)

(4.2o)

Combining the above two equations leads to the following equation descdbing the rela-
tionship between U,,-, ar.d. A":

u,,-,: ffo-:, tv

a., - 
Urr-rA"T

"- 
"cr

'LA: o-; A!

17
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where d1 varies between 0.811 and 0.999 and is taken as 0,86 here. Values of o and m
have been published for the Gulf of Mexico for " Zero, One & Tuo" a::^d " Zero & One"
jetty conditions [Bruun, 1978]. It was found that the two set of ralues yield U^o, x. A"
relationships that are not far from each other in the present case. Ilence, the values for
the " Zero Ez One" jetty condition, i.e, o:3.51x10-{ and m:0.86, a.re used in this study.
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Chapter 5

NUMERICAL MODELING

5.1 Model Description
The model is a one.dimensional dynamic model that is based on integrated momentum
equation for flow and DuBoys formula for sediment transport. The model ff.rst computes
the flow discharge and water depth in each numerical cell along the a:<is of the inlet using
an iterative approach based on a given Gulf tide, bay area, bed resistance represented by
the Manning's z, and exit and entrance losses. The integrated momentum equation that
governs the tidal flow along the inlet is:

to-rta:*ro*+k")+8"" (5.1)

where

u^ : flow velocity in cell i;

AII; : heat loss due to friction in cell d; and

N : total number of cells.

The values of qo are specified from the generated Gulf tide mentioned ea.rlier while the
values of ?a are computed from the values of 6s and e computed from the analytical
study. So is -4s, which is the result of the flow calibration exercise in the analytical study.
The friction head loss in each cell is computed based on the Manning's Equation:

u^-- !1m1inii (s.2)

where both the uniform flow condition (A[ - S, the slope of the energy grade line) and
the wide channel assumptions (R x h) have been invoked.
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Once the flow conditions have been computed, the sediment fluxes entering and leaving
each cell are computed by the DuBoys formula for given hydraulic cooditions and sedimeut
properties. The Duboys formula expresses the volumetric sediment transport rate per unit
width, g,, in tero^s of the excess shear stress as follows:

g, : C,ro(ro - rn.r) (5.3)

where

%: erveta,$e bed shear 
"trtqss:18.9;

tcr.rr : critical shear stress for incipient motion on a horizontal bed;

Duboys'C,: Uf

d : sediment size in mm; and

1 : unit weight of water.

r",.1, is computed fiom the Shields Diagr'- assuming that the flow is in the turbulent
rough range (Roughness Reynolds Number, n" (= #) ) ?0) where the dimensionless
Shear Stress, @1, is a constant at 0,06. A metric conversion factor of 4.05 x 10-6 need to
be incorporated into the expression for C,, which is taken from Graf [1984].

The sedimeot couserv-ation equation for each compartment is then:

tlz ttz

Jr, o,,^wdt - J,, r,"-,*or-ml(Wh)4-(Wh),"1:o (5.4)

where the subscripts in aa.d out denote fluxes into a.nd out of the compartment, and rn and
P7 are the porosity ofthe sediment and the cross-sectional width, respectively. In order for
the computation to proceed, initial conditions are ascribed lor q",W and h, and boundary
conditions assigned to g, in terms of M, the fraction of littoral drift that enters the inlet,
and (, the composite factor that represents the fraction of M that deposits during flood
and the subsequent ebb in each time increment of the tidal cycle. An implict assumption
is that bed erosion and deposition occur uniformly throughtout the entire inlet.

The flow area then adjusts to the sediment scour or deposition by cha.nging the width to
suit the new flow depth. Based on an examination of a large number of inlets, an empirical
relation that expresses the gemetric relationship between W and h for the minimum flow
area of the following form ha.s been in use [Bruun, 1978]:

h: aWb (5.5)

Values of a and 6 used in the model are 0.087 and 0.88, respectively, for I7 and h in meters,
based on the trend liae for jettied inlet [Bruun, 1978].
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Table 5.1: Calibrated Parameters from Aoalytical Method

T
(^')

ao

(^)
f As

(^')
oB

12.42 0.20 0.025 2.80 x 106 0.86

12.42 o.25 0.025 2.10 x 106 0.92

72.42 0.30 0.025 1.70 x l0o 0.94 27.5

72.42 0.35 0.025 1.43 x 106 0.96

12.42 0.40 0.025 1.25 x 10o 0.97 15.9

5.2 Preliminary Runs
A series of run was first conducted using the same input data as for Phillips Inlet, except the
geometric data which were based on conditions at Blind Pass. The runs always terminated
early due to the exponential growth of the inlet cross-section, even under the condition of
appreciable sediment input. After a few more runs, it was fould necessary to reduce the
C, coefficient in Eq. 5.3 by lOGfold. The next series of runs were for different values of the
bay area, .Aa, calibrated againest different values of oo to achieve an average flow velocity
of about 1.1 mf s as shown in Table 5.1

The range of oo selected encompasses the mean tide range on one end and the mean
diurnal range on the other end. As observed, higher values of o, lead to lower Ae and e

but higher 63 values. Fig. 5.1 shows the results of comparative runs for the case of the
fraction of littoral &ift that enters the inlet, M, equalling 7,OOO m3 f d,ay, which indicates
that lower values of 4o, and hence, higher .r{s values, iesult in inlet widening. Since the
chosen empha.sis here is on inlet closure, the largest value of 4o, i.e., 0.40 m, was adopted
for all subsequent runs.

The next preliminary test runs involved inputting various arbitrary values of M to
assess the response of inlet under different scenarios. As indicated in Fig. 5.2, the inlet
demonstrated no tendency to close e.ren at M - 2,900 ms fdoy, a very large figure indeed
that is unlikely to be realized at the site. This is interpreted as the overwhelming effect of
the erosion algorithm in the model. Fig. 5.3 indicates two comparative runs with the g,
reduction coefficient of 0.01 and 0.001, which is equivalent to reducing the C, coefrcient
in Eq. 5.3 by another 10 times, for the case of M : 1,000 ms f doy. The latter case seemed
to perform as expected, i.e,. exhibiting tendency to close. Hence, the value of 0.001 was
adopted for subsequent runs.

With these input data, the model was run to simulate conditions after a week as
indicated in Fig. 5.4 (a) and (b). While the output for the flow area is reasonable other
than some initial high-frequency oscillations, which is not unusual for model start-up, the
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Table 5.2: Final Input Values for Numerical Model Runs

L 194 m h 64m n 0.05 np o.4
d 0.26 rnn K"^ 1.00 K," oo

T l2.OO hr. AB 0.64 5l Ap 1.9 x 106m2

0.3 RFo, 0.001 RFr" 0.75 fct.h 0.88 ji

output for velocity is too excessive. It was then decided to increase the roughness to
reduce the flow velocity to a more realistic level, being achieved by increasing the value of
Manning's z from 0.03 to 0.05.

The relevant input parametels were lecomputed from the analytical method using the
revised z value. The value of friction factor, /, which is an input in the analytical method,
was computed using the following relationship:

- -l

": hllll (u.u)
LesJ

Table 5.2 lists all the inputs to the numerical model for the final runs where z, the
only unexplained para.neter thusfar, is the sediment porosity. The only varying input is

M, which ranges from 200 to 2000 ms f day.

In Table 5.2, RFq, and .B.F* denote the reduction factors for the flow-induced bottom
erosion rate computed using DuBoys formulation, and the forcing tide amplitude in the
Gulf, respectively. The critical shea.r stress for incipient motion, ,c,.,!, is computed from
the graph for metric units (Fig. 7.2) in Graf [1984]. The average sediment size, d, is taken
from the US Army Corps of Engineers Report [1969], which lists the representative beach
sediment for beaches adjacent to Blind Pass.
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Chapter 6

In the literature on inlet stability, a distinction between long-term and short-term stability
is frequently made. The former refers to the gradual deterioration ofthe inlet due to shoal-

ing and may occur over several months or even decades, On the other hand, short-term
stability is associated with storm events, which can result in inlet closure. Ilence, while
the former considers average conditions, the latter is necessarily linked to the intensity and

duration of storm events.

6.1 Long-terrn stability
One of the frequently used criteria for long-term stability is the sedimentary and hydraulic
stability diagr"r' discussed in Chapter 4 : Analytical Study. Shce there is substantial
temporal l'ariation in the tide conditions, two stability diagra",. were prepared: one based

on the mean tide condition (average of the two daily tides) and the other one based on
the same palameter inputs for the numerical model, which represents a more extleme
condition associated with the average of the higher daily tides only. This was done in the
hope that the two conditions would envelope the expected behavioral range of the inlet.

The inlet performance for the mean tide condition is shown in Fig. 6.1, which indicates
that the I( value for the present inlet configuration (f.fO) is more than I(" (0.74 h this
case), indicating that the inlet is stable under the scenario considered. On the other hand,
K-curve for the more extreme condition iadicates that the K value for the present ialet
(0.73 in this case) is very close to the corresponding If", which ranges ftorr;- O.42 to 0.74
depending on the p value used, as shown in Fig. 6.2. The figure also shows a lower
peak velocity, which is expected due to the higher resistance coefficent used (z:0.05).
Hence, while Blind Pass may be deemed as stable under mean tide condition, it is only
marginally stable under the more extreme tidal forcing scenario. Escoffier & Walton [1979]
have recommended that the value of ff fot an inlet should always be considerably larger
than If" for stability. ln a more quantitative sense, Oliveira 119761 has stated that a tidal

RESULTS AND DISCUSSION



inlet characterized by K < 0.6 is in a condition of non-steady alluvial equilibrium, which
means that shoaling may be in progress there.

Perhaps a more complete picture may be gleaned from Fig. 6.3 and 6.4, which includes
sedimentary regime as well. In both figures, curwes for three different p values, which is
the exponent characterizing the variation of the critical flow area, ,4., with .I( as discussed
previously, have been drawn. The curve for p : 0.7 coriesponds to that shown il Fig. 6.1.

As indicated, higher p values lead to a shift to smaller A". However, the recession part of
the curves remains relatively constant. Hence, the stable flow area, which is the point of
interception of the two stability curves, is about 125 m2 and 150 m2 based on averaged and
more extreme conditions respectively. These values are close to the historical flow area of
Blind Pa-ss in 1966, 1970, and 197a (Table 2.1).

Based on both Fig. 6.3 and 6.4, the critical flow area ranges from 25 to 80 m2, depending
on the value of p used. The fart that the present cross-sectional area at the inlet throat
(64 fi.2) under mean conditions is between the critical and stable flow areas quoted above
seems to indicate that the inlet is within the stable side of the stability diagram. I{owever,
the proximity of the present ,4," value to the critical flow area, even disregarding the more
extreme conditions where the present A," value lies to the left of the critical flow area, does

reflect the uncertainty on which the above interpretation is ba.sed, given possible errors in
the field data collection and the simplicity of the approach adopted. Without distinguishing
between the tidal conditions as was done here, Foster [1991] has characterized Blind Pa.ss

a.s a marginally stable inlet.
It should be noted that long-term criteria, as established from the above methodolodS

presuppose adequate sand supply to satisfy the sedimentary regime. Hence, its application
to improved inlets where sediment pathways are interrupted by human intervention as is
the case in Blind Pass, requires judicious interpretation. Conceivably, the north jetty cuts
off some of the natural flow of the littoral drift, thereby alleviating the shoaling tendency
at Blind Pass. As pointed out by Hine [1987], the inlet jetty, although constructed to
function as a terminal groin to retain beach nourishment to the nodh, ha.s provided a
measure of stability for this comparatively unstable inlet.

6.2 Short-termStability
The results of the numerical runs are shown in Fig. 6.5 to Fig. 6.16 for M values ranging
from 200 to 2000 nf f d,ay, a ten-fold increase. The length of run duration was chosen
such that it would encompass an entire spring-neap tidal cycle, a period of approximately
a month. Since the model was run each time with a constant M value, the duration of
about a month more or less fits in with the strong monthly variation in littoral transport
exhibited in Table 2.4.

In general, the model outputs in the form of temporal variations of flow area and flow
velocity follow the same trend as that of the Gulf tide, which would be expected since the
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tide is the primary forcing agent. The variation reflects the influence of the two unequal
tides in a day typical of a strongly mixed tide. Where the two daily tides approach each
other in magnitude (day 7 to day 11), the variation is a smooth oscillation. At other times,
the lower of the two tides is almost non-existent and the water level is sustained at almost
the same elevation for hours. The horizontal trend of the variation (day 16 to day 18) is

indicative of the tideless condition, which also appears ia the velocity plots.
The flow area reaches a maximum of about I.5O n2, which is within the historical

flow area reported. On the other hand, the simulation of flow velocity is perhaps less

satisfactorn occa.sionally reaching a ma;<imum of about 3 m/s during ebb flow, except for
lhe M :2OO msf doy run. flowever, most of the flows are within the 2 mf s cap. Flows
of such magnitudes a.re not entirely unrealistic, if they occur only during part of the tidal
cycle when spring, or even perigean spring, conditions prevail.

It is seen that up to about M:600 m3 f d.oy, the inlet exhibits either stable or slight
accreting conditions. From M : 7OO m3 ldog to 8OO ms f day, the shoaling trend is clearly
noticeable, but the inlet still remains open at the one.month cut-off point. The inlet closes

in about a month for M = 9OO ms f day and thereafter the time of closure is more rapid
as the M value increases to 2000 *t ldoy where the inlet closes in twelve days. These
outputs, therefore, are in qualitative agreement with the expected behavior of Blind Pass

under increasing sediment loading.
As supported by photographic interpretation and qualitative observations made in pub

lished reports on the survivability of Blind Pass, the closure takes place over a period of
months. Bearing this observation in mind, it is suggested that the ctitical M value for
which the inlet is just in a self-flushing condition is probably around 700 - 9OO m3f day.
Multiplying M by the ( factor ( :0.3) used in the model, which is a rea.sonable estimate
of the actual fraction of sediment that ultimately desposits on the bed of the inlet over
a flood-ebb cycle from the total amount of sediments that enter the inlet, results in an
actual rate of deposition of about 25O m3.

There are no field data available on the rate of littoral drift that enters the inlet,
other than the figures obtained from volumetric difference of the temporal growth of the
flood tidal shoal. Since it ha.s been acknowledged that the value computed for the period
1960 - 1965 is conservative, implying low, a reasonable estimate of the rate of deposition
is probably three times the computed flgure (= 30 m3 ld,ay), i.e., about IOO ms f d.ay.
Considering the prevailing thinking that sedioent transport predictions ca.n difer by *
2OO%, t}rle M y-alue based on numerical model is perhaps not too far-fetched.

The corresponding figure for post-1965 period is about one-sixth of the earlier value.
Eence, by the same token, there is quite a reduction in the amount of littoral matetial
that entered the inlet after the 1960s. The change is attributed mainly to the presence of
the north jetty as explained earlier. Hence, it is possible that any southerly transport that
manages to bypass the jetty is jettisoned to deeper water and subsequently brought back
to shore at a point further downdrift beyond the inlet by the process of bar bypassing. In
trying to explain the role of northerly transport, which can be appreciable in the middle of
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the year (about half of the maximum monthly southerly transport) based on computation,
it can be argued that the littoral &ift roses actually represent potential transport, i.e.,
solely based on the sediment traosporting power of the waves. Hence, the realization of
the actual transport is contingent upon the availability of mobile material. Looking at the
regional scale of the shoreline orientation south of Blind Pass, it is apparent that the reach
of shoreline irnmediately south of Blind Pass, the azimuth of which was used in computing
littoral transport, is a relatively short transition that joias with the major shoreline of
the Sanibel Island that trends roughly 280' N. Hence, it is conceivable that the nearshote
bathymetry around this area may cause the waves to arrive at a more normal incidence,
and hence result in a less sediment transport caparity.

Another a-spect of hlet closure of Bliad Pass is the southerly growth of the inlsl 6trannsl
south of its interior channel. This type pf lengthening of the inlet channel almost always
precedes inlet closure. It increases flow resistance and hence, reduces the tidal prism. As
the channel lengthens, it becomes hydraulically less efficient up to a point where the wave-
induced transport just out-balances the tidal flow and closes the inlet at its southerly exit
position. The closed channel then shoals from within until a storm event breaches across

the enclosed sand bar, usually at the end of the interior channel. The encircling sand
bar can also act to obstruct northerly drift from gaining entry into the inlet proper, il a

way supporting the premise that the northerly drift may not feature strongly in the inlet
closure process. The strong directional preference of ebb flow at Blind Pass also mitigates
agairut any significant sediment movement to the north as suggested by Foster [f991].

It is intersting to note that in the sediment budget prepared by Coastal Engineering &
Planning, Inc. [1991], the stretch of shoreline i'nmediately south of Blind Pass (r 1,800
zn long) has lost about 17,000 m3 fyr fot the period 1859 - 1941, 38,OOO m3 fyr for 1.955

- 1974, 30,000 ms f yr for 1974 - 1978, and agaia 38,OOO m3 f yr for 1978 - 1988. While
these losses may be linked to the inlet sink, it is more lilely the result of interruption in
southerly drift by first the evolution of the ebb-tidal shoal at Redfish Pass and later the
jetty and other protection works along the Captiva Island. The report also indicates the
successive reduction in net southerly transport to the south of Redfish Pass for the thtee
periods, 1941 - 1955, 1955 - 1974 and 1974 - 1989. In every case, no losses to the Blind
Pass was indicated in the littoral budget established. Again, this may be construed as

insignificant sediment supply to the inlet.
While Blind Pass has undergone alternate closure and reopening, the chronic shoreliae

erosion prevalent along Captiva Island appears to have helped reduce the sediment loading
that would otherwise have gained ingress into the inlet. Analysis by Walton [1977] has
shown that from 1859 to 1967, the shoreline of the sand bulge seaward of the interior
channel of Blind Pass has progressively receded close to about 550 m. While this loss may
reflect an efficient mode of sand transfer to the south, it does help mitigate against any
tendency toward closure by removing sand from the region immediately offshore of the
inlet via alongshore littoral transport.
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6.3 Lirnitations of Approach Methodology
A drawback of the present approach is that it does not account for the presence of multiple
inlets that share a corrmon bay of water. Theoretical considerations by van de Kreeke

[1985] for a twin- inlet system, albeit with certain simplifying assumptions, has shown that
the condition for the existence of stable equilibrium flow area for both inlets is that the
enhanced parts of the equilibrium flow curves computed based on the stability analysis of
Escoffier [1940] intersect, ln the event that no such intersection occurs, then a combination
of individual flow area for which both ialets are in equilibrium with the flow conditions
does not exist. In other words, one of the two inlets will survive; the other will close

eventually.
The significance of the inter-relationship arn61g the inlets is already attested to by

the effect of the opening of Redfish Pass on the behavior of Blind Pass. Winton et al

[t981], using a numerical approach, ha.s attempted to investigate one facet of the problem,
that being the effect of different inlet sizes of Blind Pass on the overall tidal response of
Pine Island Sound. They concluded that these changes (up to an inlet cross-sectional area

of 1400 m2), did, not significantly change the overail tidal response. However, they did
acknowledge that there will be water interchange.

The effect of closing Redflsh Pass was also simulated and they found no significant
changes in flows through the other inlets. Specifically, their results indicated that the
closing of Redfish Pass caused a slight decrease in the flows and in the maximum velocities
through Blind Pass and Captiva Pass. IIowever, Foster [1991] has cited Blind Pass, in
qualitative terms, as an example whereby cha.nges in the amount of tidal prism, as shared
among a group of geographically close inlets, is a strong factor controlling inlet throat
cross-section and stability. Nevertheless, these surprising results of Winton et al [1981]
may be explained on the premise that the system may have equilibrated to such an extent
that it has become irreversible. In fact, this finding may be used to support the premise of
the present approach, i.e, treating it as essentially a single inlet system. The other major
discrepancy between theirs and the present study is in the maximum velocity through the
inlet. For the present configuration, their model predicted a maximum spring velocity of
about 0.6 m/s, compared to the measured velocity of about 7.L rnf s used in the present
study. They also attributed the very weak dependence of flow velocities on inlet cross.
section area and flow depth, which their results indicated, on the fact that the tidal prisms
through Redfish Pass and through the southern model boundary (San Carlos Bay) 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.

The constant inlet length assumption employed in the model is also not reflective of
the actual tendency of the inlet to increase its length with time. As explained, inlet
lengthening increases flow resistance, and the resulting reduced flow velocity makes the
inlet more prone to closure. Another complicating element appears in the form of flow
constriction imposed by structures. The fact that a bridge spans across Blind Pass implies



that the inlet cross-section will not be able to adjust according to the pre.determined ft. q
W relationship. In this case, the restriction imposed by the bridge abutments appears to
have resulted in a deeper section than e<pected based on the morphological relation.
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February 21, 1992

Mr. Ralph Clark
Florida Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32399

Dear Mr. Clark:

I have received your comments on the Blind Pass Inlet Management Plan Interim Report No.
2. We have taken steps to address comments that we have received by revising Interim Report
No. 2. Our response to your comments are as follows:

Page 29 - Alternative l.a. - questions about flushing culverts.

We agree with your concerns about flushing culverts. As a result of that, we have
deleted flushing culverts from the plan. In place of these culverts we have left some of
the flll out fronting Clam Pass Bayou area. This should recreate similar conditions that
prevailed before extensive erosion took place in this area. It is expected that the pass

will open and close periodically as has been the case historically.

Altemative 3 - to address your concems.

We do believe that removal of the jetty extension would cause Blind Pass to be less

stable than it was before the beach nourishment project was constructed in 1988/89. On
the basis of our analysis, our conclusion is that from 1955-1974 (for most of that time
period there was no jetty at Blind Pass) Blind Pass was closed for most of that time.
After the county groin was constructed n L972, sand quantities were reduced from
68,000 to 38,000 cubic yards per year. The inlet closed n 1977 utd was reopened by
the "No Name" storm in 1982 during that period. Therefore, with 38,000 cubic yards
moving past Blind Pass, it appears to be closed about a thfud of the time. If the jetty
extension were removed, sand quantities ieaving Captiva Island would greatly exceed the
rates experienced from 1955-1974. During most of that time period the inlet remained
closed. That is the basis of our evaluation and conclusion tlat the inlet would be closed
without the jetty extension if the beaches of Captiva were continually nourished.

We do not consider beach fill removal on Turner Beach and transferring that sand to
northem Sanibel as feasible. This would create an eroded condition of the beaches at
Turner Beach and make the hurricane evacuation route wlnerable to storm damage on
the northern approach road to the Blind Pass bridge.



Mr. Ralph Clark
February 21, 1992
Page 2

Altemative 4

Alternative 4 would likewise affect the stability of Blind Pass at a point further offshore.
Based on a study by Dr. Mehta, we have concluded that the longer jetties have added to
the stability of the inlet, making the inlet more capable of handting higher sediment
loading. Therefore, under altemate 5, sediment transport would be higher, but the inlet
would be more hydraulically capable to handle the extra sediment load and be less likely
to close.

Altemative 6

Altemative 7

Alternative 9

We believe that the implementation of a sand bypass system with a crane on a public
beach area would inhibit the use of the public beach. Also, it is our finding that
dredging sand from the beach at Turner Beach would provide for a n:urower beach most
of the time. We don't feel that the concerns are biased to the beach on Captiva Island.

If this alternative were implemented, one source of funds could be the surety bond, as

you suggested, to have the groin extension removal funded. The source of funds is
beyond the intent of this particular section of the report which deals specifically with
feasibility. The surety bond is a consideration in the sections concerning funding.

Although this option is much lower cost, it is felt that it would allow erosion of northern
Sanibel to continue unabated. At some point in time the erosion would impact other
structures and eventually the rerouted evacuation route. For this reason, we don't feel
this alternative is viable. Based on your comments, we have added additional discussion
to alGmative 6 which addresses these concems.

We had not viewed Altemative 7 as a desirable option because we felt that it allowed the
beach to erode totally away. The shoreline opposit€ the road would be a hardened
shoreline and the beaches south of the revetted area would continue to erode. However,
this option does indeed solve the storm protection problem for the evacuation route and
removes a number of structures from the surfzone area. We have modified the write-up
of this section to remove the term 'not desirable option.'

COASTAL PLANNING & ENGINEERING, INC. . BOCA BATON . SARASOTA. JACKSONVILLE

We have added a sentence to the discussion of this option indicating that the option does
not achieve the sand bypassing and erosion conkol goals of the program.

Altemative C.1.



Mr. Ra1ph Clark
February 21, 1992
Page 3

Alternative C.3.

We have modified Altemative C.3. to inciude your concerns about the experimental
nature of the dewatering project and DNR's possible requirement that the experiment
wait the outcome of the Fort Pierce installation.

Comments on Page 52

We have changed the recommendations on D.3. to a maybe so it will be considered
further as you suggested. Alternatives 8.6. and B.7. are also changed from no to maybe
in recommendations . Alternative C . 3 . remains a maybe, however, the concept of waiting
for the Fort Pierce instailation !o prove valid is included in the text.

Comments on Inlet Closure

The text has been modifred to address your concems. We still feel, however, that
permanent closure of the pass would lead to degraded water quality within the waters of
the pass ald possible reduction of water Suality fur portions of Pine Island Sound.

Comments on Page 57 - 3.

See our response to your comment on page 37.

Comments on Page 59

Our comments on the environmental acceptability of dredging the shoal assumes a small
dredge would be used. While it may be true that mechanical transfer of sand is possible
from these shoals, we still feel that the feasibility of using this limited source of sand
doesn't warrart further consideration.

Comments on Page 62

Currently we don't know what the impacts of dewatering are on the infuuna community
off of Sailfish Point, By copy of this letter I am requesting that our environmental
department investigate this matter further and report back to me.

Comments on Page 67, Paragraph 5

It is quite possible that the county groin impacted the beach while the groin extension
does not impact the beach. That is because the groin extension was built in conjunction
with a beach restoration program which widened the entire island a comparable amount.

COASTAL PLANNING & ENGINEERING. INC. . BOCA RATON. SAFIASOTA. JACKSONVILLE



Mr. Ralph Clark
February 2L, 1992
Page 4

Therefore, sand Eansfer from Captiva Island is probably as much as, if not greater than,
the sand transfer that was occurring before the project was initiated.

Comment on Page 69

The purpose of page 69 is to suggest levels of funding that engineer feels would be
appropriate based on his study to date. We have deleted this section of the report from
the revised document.

Comments on Page 70

The next worlshop meeting is to be held on February 25,1992.

I have sent a copy of the revised Interim Report No. 2 to lrnnie for your review and comment.

Sincerely,

ENGINEERING, INC.

, P.E.

Steve Cutler
Alison Hagerup
Chuck Listowski
Gary Price
Lonnie Ryder
Iim ArmsEong - WCIND
Bob Dean
Ashish Mehta, Ph.D
Mark I-eadon

I
t

COASTAL PLANNING & ENGINEERING, INC. . BOCA RATON. SABASOTA. JACKSONVILLE

I disagree with your analysis that CEPD's level of involvement is not related to the level
of mitigation that will be required due to their structure. The structure extension was
needed to avoid extensive losses of the beach fill from the project. The level of
involvement and the reason why CEPD is involved in the program has a lot to do with
the potential impacts that the structures that have aided their project have on adjacent
beaches. However, I have modified the paragraph to include your commetrts relative to
this issue.
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February 21, L992

Mr. Steve Cutler
16790 Captiva Road
Captiva Island, FL 33924

Re: December 1991 I-eser - Blfud Fass ItrIet Managemetrt PIan

Dear Steve:

In response to the letter we received dated December 19, 1991 from Sanibel and my discussions
with the CEPD, we have developed a series of goals for the inlet management plan to be
included in the revised version of Interim Report No. 2. A copy of those goals is attached. We
suggest that a detaiied review of goals be undertaken at the next meeting of the ad hoc
committee.

Sincerely,

CO GINEERING, INC.

P.E.
President

bpl01:8,1O175.120

Ralph Clark
Lonnie Ryder
Gary Price
Jim Lavender, Lee Co. Parks & Recreation
Iim Armstrong, WCIND
Alison Hagerup

T

TJC:jo



GOAIS OF TI{E INLET MANAGEMENT PLAN

The following goals are a composite of goals suggested by the State program and local

governments.

A. Mtigate erosion caused by the inlet.

B. Re-establish littoral drift to downdrift beaches that are being

affected by the existence of the inlet.

C. Maintain flushing and navigation to pre-1988 levels.

D. Protect the evacuation route from storm damage.

E. Control erosion north and south of the pass to protect County

parks and private homes.

F. Accomplish goals A - E addressing long term envionmental

impacts.

G. Accomplish goals A - F in an economically responsible manner.

H. Quantify the impacts that the 1972 groin built by ke County may

have had on the beach in northem Sanibel Island.

I. Quantify impacts that the 1988/89 Captiva beach restoratior/goin

extension project may have had on the beach in northern Sanibel

Island.

J. Develop intergovemmental programs to implement the Inlet

Management Plan.
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February 2L, 1992

Dear Mr. Cutler:

On the Novemb er 22, l99l letter, Question 1:

The conversion factor on Captiva was established based on a berm elevation of *6 and

a depth of ciosure for active littorai movement of -12. On Sufbel Island the conversion
factor varies because there are a number of areas where water bodies are captured by
land masses.

Question 2:

Conversion factors in the revised Interim Report have been further developed to
demonstrate the reduced volumes associated with captured water bodies. Detailed
justification is shown in the revised Interim Report No. 2.

Question 3:

Question 4:

Both 1988 and 1989 have been utilyzrd in the revised report to demonstrate changes
from when the groin was constructed and when the beach was completed.

^Boce nmor, 24Bl N-\A/. Boca FAToN aoulEvaFto. Boca RAToN. FL 33431
jABASOTA: 1605 MAIN STFIEET, SUITE BOO, SARASOTA FL 34236
JACKSONVILLE: 1542 KINGSLEY AVENUE. SUITE 142E. ORANGE PARK. FL 32073

Mr. Steve Cutler
Chairman of the Ad Hoc Committee
for the Blind Pass Inlet Management Plan
16790 Captiva Road
Captiva Island, FL 33924

We have revised the Interim Report No. 2 of the Blind Pass Inlet Management Plan to address

concerns raised at the ad hoc committee meeti-ngs and comments received through Sanibel and

from the State of Florida. Two letters, dated November 22, l99l and December 4, 1991, from
Humiston Moore Engineers contained a number of comments relative to the reports. Our
response to those comments is as follows:

Boundary conditions have been thorougirly explained in the revised Interim Report No.2.
The southern boundary condition is based on measured accretion rates in southern Sanibel
Island.



Mr. Steve Cutler
February 21, 1992
Page 2

Question 5:

Most of the sand in the Blind Pass ebb shoal is directly seaward of the northem beaches
of Sanibel Island. It is unclear at this time whether that will remain a permanent shoal
or will migrate to the beach. The revised report analyzes the beach volume with and
without the shoal. It should be noted that a portion of the shoal volume is included in
the profiles that are taken from northern Sanibel. The revised document addresses the
distinction between ebb shoal materials and beach volumes.

Question 6:

This section has been revised. The source of all numbers has been stated.

Question 7:

This section has been revised. A full explanation of source of erosion and shoreline data

is included.

Question 8:

Overwash quantities have been measured and are included in the revised report.

Question 8b:

Overwash probably did occur prior to Keith.

Question 8c:

There probably has been overwa.sh due to some storms on Captiva Island.

Question 8d:

There is documentation of overwash which has occured after Keith and it is included in
the report.

Question 9:

Ihe difference between Figure 1 and the 36,000 cy as previously ar;ralyzad, has to do
with the term of the evaluation that was made. This section has been revised, however,
to include a more accufirte determination of land vs. water mass in Sanibel.

COASTAL PLANNING & ENGINEERING, INC. . BOCA FIATON . SAFIASOTA. JACKSONVILLE



Mr. Steve Cutler
February 21, 1992
Page 3

Question 10:

Question I l:

Question 12:

Question 13:

Alternatives that provide for placement of sand on a beach equivalent to the sand to the
littoral drift quantities is consistent with the inlet management plan goals as established
by the FDNR. Therefore, any plan that places sand on a downdrift beach to reinstate
littoral drift quantities is a sand bypassing option.

We have never stated that the closure of Blind Pass is more important than erosion of
Sanibel Island. We have changed the goal relative to Blind Pass to achieve a level of
stabitiry no less than that which existed prior to the Captiva Island beach nourishment
project. The intermittent closure of Blind Pass as a condition would not preclude the
implementation of one of the options as the plan is currently formulated.

We are aware that there are a number of jetty configurations that could affect inlet
performance, however, we do not feel in this case that any other jetty modifications need

be considered to improve sand bypassing. If Humiston/Moore has specffic suggestions
relative to jetty configurations they feel are potendal improvements, they should indicate
what those are and ask them to be considered. At this time we are not proposing to

expand the number of in-let sand transfer options to include further jeffy modifications.

This section of the report has been modified. It has not been determined that the
preparation of an inlet management plan would relieve CEPD of obligations under a

FDNR permit.

Responses to December 4, 1991 letter, Paragraph 2:

We have included a list of goals.

Paragraph 4:

The suggested goals of the plan have been modified to maintain Blind Pass at a level of
flushing and navigation consistent with pre-1988 conditions.

Paragraph 5:

The goals of the plan do include restoration of natural littoral processes, storm protection
of the evacuation routes and environmental protection.

COASTAL PLANNING & ENGINEERING, INC. . BOCA FIATON. SARASOTA. JACKSONVILLE



Mr. Steve Cutler
February 21, L992
Page 4

Page 2, Paragraph 1:

We have included a goal to identify impacts of coastal structures on the b€ach.

Paragraph 2:

Jetty extension removal has no longer been rejected because it results in pass closure.

Paragraph 3:

Mr. Moore's comment in this regard is noted.

These comments will be reviewed at the next planned review committee meeting. The State has

been invited to attend all of the ad hoc committee meetings of the inlet management plan and

we will continue to discuss with the State how the plan can be developed to meet FDNR
guidelines.

If you have any questions conceming the above responses to comments by Humiston Moore,
please contact me. I suggest that we discuss these further at our next ad hoc committee meeting.

Sincerely,

CO ENGINEERING, INC.

J , P.E.

TJC:jo

Alison Hagerup
Bob Dean
Ralph Clark
Chuck Listowski
Gary Price
Ionnie Ryder
Iim Armstrong
Ashish Mehta, Ph.D.
Mark Leadon

bpl:840175O2.120

cc

COASTAL PLANNING & ENGINEERING, INC.. BOCA FIATON. SARASOTA. JACKSONVILLE



Decenber 19, 1991

lrr. steven cutler, chairman
Captiva Eroaion Prevention DiEtrict
P. O. Box 355
captLva, FL 33924

At its regxrLar meeting of December 17, the sanibel city council
diacuased the Blind Pass fnle! llanagement PIan interim report.

council inatructed rne to aend you a copy of lluniston and lloorers
Ietter dated Decenber 4 with thelr commenta on the interLm report
prepared by CoastaL Planning and Engineering, Inc.City of Sanibel

800 Dunlop Road
Sanibel. Florida 33957

when
to the

council algo digcuased the goala that should be considered
i evaluating any particular risolution'!. Their diBcussion 1ed

final nli8tn aE foLlows:

1

2

Maintain a hurricane evacuation route.

Restore natural functioning of the paEs and adjacent beaches to
hlEtorical, performance levels.

control. erogj.on south of the pass, including the area of the
county park, Sanibel-captiva Road, and developed upland
propertieB.

council, instructed me to alao send you this liBt of goals requesting
that the poEBible Eolutiona be judged against these goa16. I trugt
that this iE aufficienti if not, pleaBe let me klovr.

HAPPY HOLIDAYS I I

Respectfully,

.".-rj
Gary A. rce,
city ger
GAP/vJs

sanibel Clty council
Lee County Comnissioner John Manning
Acting County A&ninistrator 8ob cray
Lee County Park8 & Recreactlon - .rim Lavender
Lee County l,larine Sciences - Chuck Liatovrski
State Di.v. of CoaEtaI Engineering &. Regulatj-on - Kirby creen
State Div. of Beaches & Shorea - Lonnie Ryder
State Div. of Beaches & ShoreB - Ralph C1ark
Vlest Coaat Inland Navigation Distrlct - Jim Armstrong
Captiva Erosion Prevention District - AliBon Ilagerup -

sanibel city Attorney Bob Plitt

4721\35

ln-37U)

t724555

42,3tII
{72-9615

4724359

472.13n

tz-4136

472.31tl

472i397

3

4

|974

o

Recycteo paper $

cc:

AREA CODE.8I3

CITY COUNCIL

ADMINISTRATIVE

SUILDING

EIi'ERGENCY MANACEMEA"I

.E

PARKS & RECREA'I'ION

PLANNINC

POUCE

PUSLIC WORXS

Re: Bllnd Pa6s Inlet l,lanagement Plan

Dea! Stev€:

Use no haldening device that affectE the day-to-day natural
functioning of the beach.
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Doug Mann
Coastal Planning and EngineerinE
2481 Nw Boca Raton Boulevard
Boca Raton, EL 33431

Dear Doug:

With reference to your communication of November 19, I have
declded to respond via this letter as opposed to a phone call as
you suggested. Please consider these comments, together with the
ieport on the stability analysis already delivered, and my letter
to Tom dated September 10, as the final communication for the work
for whj-ch I was contracted by CPE.

I have reviewed the various Blind Pass (Lee County) Management
Pl-an alternatives in relation to "potential effects that inlet
modifications might have on the nature of the in1et" (vide Scope of
work, p.4). In my evaluation of the al-ternatives I have had to
recognize that I have looked at the stabj-lity of Blind Pass, but
have not been invoLved in the study of Clam Bayou, which was beyond
the scope of my analysis work, although it does constitute an
important component of the overall plan. I therefore will not
comment on issues related to the stablity or impacts on Clam Bayou.

As for Blind Pass, l-et me make the following comments relative
to the three categorj-es of alternatives listed in the table wj.th
the decision matrix: A (I?). Close the In1et, B. Inl-et Bypassing
Systems, and C. Experimental Systems.

A. Close the Inlet: For both the sub-categories A.I and A.2 you
have recommended nos, with which I agree,

B. fnlet Bypassing Systems: For items B.1 through B.tO please refer
to my letter to Tom (copy enclosed); you will note that my
recommendatj-ons are lnherently at some variance with those being
considered for the following reasons: I) Given the scope of my
work, I have given paramountcy to the need to maintain a channel
that will- not c1ose, hence 2) I have not considered the beach
nourishment needs which in any case I was not directly concerned
with, and 3) I have not made any ecological impact evaluation.
Given these factors it is not surprising that f do not concur with
all the nos and maybes indicated in the decision matrj-x. On the

$1\
.t

December 9, 19 9I



other hand, what I have in mind for Blind Pass alone has been
stated in my letter, although I would further recomnend that no
plan that invol-ves either beach nourishment aod/or jetty
construction near Blind Pass be implemented without a thorough
examination of inlet response (via physical and/or numerical-
modeling; to the proposed changes. Specifically I would be
concerned with: 1) the potential for closure without any south
jetty, s j.nce in my opinion closure in this case is rather likely,
and 2) shape, length and orientation of the south jetty lnote the
difference between my proposal and yours e.g. for al-ternative B.5).
My own design, which is rather arbj.trary and one that would require
modlflcation in tandem with the beach nourishment needs, is for
conceptual purposes on1y, and I cannot recommend it without a
separate extensive study. Personal-ly f would not be potentiallyj-nterested in carrying out such a study however.

C. Experj-mental Systems: From my perpective we must differ again
since I would favor C.I or C.2 over C.3. In any event f question
the practicality of instituting in the recent future any of the
three al-ternatives considered.

S incerely

-./-?---z--

Ashish J. Mehta
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November 18, 1991
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COASTAL ANO OCEANOGBAPHIC

ENGINEERING OEPABTMENT

336 WEIL HALL

Tom Campbell
Coastal Planning & Engineering
2481 NW Boca Raton Boulevard
Boca Raton, FL 33431

Dear Tom:

It was good to have met you at Captiva and to discuss rvith you issues related
to Blind Pass. Let me congratulate you once again on your presentation efort; it
demonstrated your hard work in grasping the key elements in the complex project,
as rvell as your dexterity in answering the questions posed.

As you indicated during your presentation, my comments on possible solutions
to the sta.bility matters at Blind Pass rvere the outcome of the stability analysis and
did not constitute a component of the options then presented. I do however wish to
reiterate my opinion, which is however quite tentative, considering the limited scope

of my involvement in the overall study, and I trust I would not be over-extending
the charge in re my part of the work.

As a result of the beach nourishment related projects that have taken place in
that area, the interior environment of Blind Pass can by no means be considered
to be undisturbed; for one thing, sand from the beach seems to have accumulated
in the interior. At any rate, aerial photographs suggest that although visible sand
accumulation may h ar.e been due to normal littoral transport along that shoreline,
that the intake of sand by the inlet has been enhanced by the nourishment project,
even though long term, post-jetty data suggest that the average rate of influx has
dropped due to the jetty. Our examination of the stability issue does indicate that
the stability of this inlet has been marginal for years, but that the jetty has helped
reduce the potential frequency of closure of the mouth, although by no means elim-
inating that likelihood. On the other hand, the interior area has become shallower
hence hydraulically less effcient that before.

While the decision to keep the inlet open or close it (by active means or by "de-
fault")may be dependent on the management option chosen, it is my position that
the inlet should be kept open actively as an integral component of any management
plan, for reasons of the quality of the rvaters immediately interior of the mouth, for
the health of the bird preserve, and for fish and larval transport. I therefore support

FLORIDA'S C€NTER FOB ENG'NEEBING EOUCATrcN AND RESEARCH
EOUAL EMPLOYMENI OPPOATUNIIY/AFFlaMAIIVE ACTION EMPIOYEF



your Alternative 8.6 to remove the flood shoal, which will only cause a temporary
perturbation to the system. In addition I suggest that a small relief channel (of
dimensions and configuration to be decided) should be considered to improve water
ingress and egress. The assertion that a small a channel would cause the inlet to
widen to the size of Redfish Pass is entirely unsupported by eugineering calcula-
tions. Also, the sand that has accumulated in the interior will not leave that area
of its own accord, and in fact there is some danger that if allowed to accumulate
unchecked then, since the (elevation) relief in that area is very low, a significant
storm could open an alternate passage through the barrier in that region.

Alternative B.5 shows a jetty that may be suitable for the nourishment project,
but if such a nourishment project were not an issue, then I would recommend a

much shorter structure as I have sketched (attached). Note that this sketch is
wholly qualitative, unsupported by any coastal engineering investigation on my
part. Note also however that since the dimensions of the inlet are controlled to
some extent by the bridge, the B.5 structure may not serve as an efective jetty for
the inlet; it may actually cause sand to become trapped betrveen the two jetties and
enhance the possibiiity of closure, as for example occurred at Blind Pass in Pinellas
County. The structure I have sketched could be extended somewhat, parallel to
the north jetty, if the beach immediately south is nourished. However it should
not be extended too much in the beginning at least; later if necessary that can be

accomplished. The idea here is to minimize human perturbation as far as possible,

and monitor impact before further action.

These comments are mere suggestions and are for your information only; they do
not constitute a part of the stability report I have submitted. Nevertheless I trust
they will serve some useful purpose in your well thoughtout management study.

Sincerely yours,

AJM/cjv

2

Ashish J. Mehta
Professor
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Decelrber 5, 1991

Mr. Ralph clark
state of Florida
DeparEEent of, Natural Reaoulceg
offlce of B€ach Manage8ent
Marjoly Stoneman Douglaa Building
3900 commonweaLth Blvd.
TaIIahaEEee, fL 32399

r. RG

City of Sanibel

800 Dunlop Road
Sanib€I. Florida 33957

Re: BLlnd Paas Inlet Managee€nt PIan

Dear Mr. Clark:

Encloaed is a copy of the queEtiong the city's con8ultlng engineer,
Nen llumiaton of Huniaton & Moore, haa glv€n to coaEta.L Planning &

Engineering regaldirg th€ Blind Pass Inlet Manage$ent Plan Interi-E
report .

on December 3 th€ sani-b€I clty councll heard a presentatlon regaldlng
th€ study by M!. lhooas caDpbeLl. councll took no actLon, but
lnEtructed our congulting engineer to r€turn on DeceEber 17 wllh a,r
analysla of the flndings of the repor!. I will send you a copy of
hls anaLyals and would appreciate, !n turn, copiea of any
correspondenc€ froE you to th€ inlet marageoent plan conauLtant.

Thank you for your cooperatlon in thl6 matt€r.

Reap€ctfuIIy,

cary A Pri.ce,
clty Manager

GAP/vJS

4724135
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l Sanibel ctty Councll

Ken Humiston, Buloiaton & Moore
Sani-beL City Attorney
Dr. Robert. G. Dean
Captiva Eroaion Prevention Dlstrict
Thomag J. Campbell, Coastal planning & Engineerlng
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December 4, 19 91

!'1r. Gary Price,
City of Sanibel
800 Dunl op Road
Sanibel, Fl orida

The general
151.151 of
( deve l oped )
signi fi cant
impact..".

city Manager

Re: Review of Blind Pass Inlet Management Plan Interim Report *2
Ii&M Fiie No. 1-035

Dear Gary,

-We have completed our review of the Interrm Report and are
providing the following colunents. our cofiunents primarily have to
cio with our concern that the Interim Report does not adequately
address the goals of the State InIet Management Guidelines,

Inlet l,lanagement Plan coals

The interim report states that its purpose "...i.s to provide the
basis for discussion of inlet management options for Blind Pass",
but it doesn't state the purpose of inlet management.

33 957

purpose of inlet management pIans, under section
the Florida Statutes, is to "evaluate each imBroved
coastal inlet and determine whether the inlet is a
cause of erosion", and "..to mitigate the erosive

BIrnd Pass is considered to be an improved (developed) inlet by
virtue of the fact that there is a north jetty. The jetty was
constructed to protect the upland from erosion by trappi.ng
Iittoral drift, and later extended to reduce end Iosses from the
Capti.va beach nourishment. It was not built to maintain Blind
Pass as a navigable inlet. Based on this, and discussions at the
December 3rd City Council meeting, the goals of this plan need
not include keeping BIind Pass or CIam Bayou open.

The goals of the inlet management plan for Blind Pass should
therefore inciude restoration of the natural littoral processes
that have been disrupted by the jetty, and should provide an
aciequate beach in those areas that have been adversely impacted.
An adequate beach would provide recreational area, storm
profection for the upland including the road which is a critical
evacuation route, and an environmental resource for sea turtle
nestr-ng.



Gary Price
December 4, I99i
Page 2

It is our uncierstanding that another goal of the management pian
was lo resolve controversy over a DNR ciirective regarciing
impiementation of a letty extension Perm:.t condition. Thai
permit condition ca1ls for removal of the extension anci
mitigation of erosion on Sanibel. Hhat the plan <ioes. however,
is resiate the terms of the DNR directive, and does not adciress
resolution of this issue.

Management AI ternatives

several recent investigations have identifieci the north jetty as
a cause of the erosion on the north end of Sanibei isianci. The
Interim Report recognizes this but does noi recognize removal of,
or mociiiication of that structure, as a viable part of Lhe
rnanagement plan. The reason given for rejecting any alternatj.ve
involving removal of the structure is the assumption that i.-
wouid resul t in pass cl osure, and that the pass must be
maintained for water quality purposes. The Interim Repor--
instead focuses on a variety of al ternative solutrons i"nvoivirg
additional structures and beach nourishment.

It should be understood that the above comments pertain to the
Interim Report as a preliminary document, and that CEPD's
consultant is still in the process of formulating the p1an. You
have already provided CEPD's consultant with a list of our
questions pertaining primarily to technical issues, which CEPD's
consullant indicated would be addressed in the next draft of the
report. However, we also believe that more emphasis should be
directed toward adverse impacts which have resulted irom thejetty, and management options should begin by addressing the
cause of the erosi on.

Recommendation

We reco[unend that these comments be presented for review at the
next InIet MaDagement Plan Review Commit,tee meeting. We also
suggest that it would be beneficial to have technicai
representation from the state at these meetings to discuss
issues that concern compl j.ance with DNR guidelines.

Sincerel y Yours ,

iiUMI STON & MOORE ENGINEERS

KenneLir K. iiumiston, P . E

K-- /4-----/'t



Cityof Sanibel

800 Dunlop Road
Sanibel. Florida 33957

December 9, 1991

Ur. Steven Cutler, Chairman
captiva Erosion Prevention District
P. o. Eox 365
captiva, FL 33924

Rel Blind PaEs InLet Management Plan Subcornmittee

Dear Steve:

For quite some time, in the spirit of cooperation and the de8ile to
accompLiah a mutually aatiafactory concl,uaion, I have been faithfulLy
attending the Blind PaEB Inlet Management PIan Subcommittee oeetings,
at no small sacrifice to the city of sanibel.

I have attended these meeting8 in Epite of my aerioua concerna that
the report prepared by coastal PLanning 'and Engineering, Inc., a8 the
same firm that iB involyed in the groin/Department of Natural
Reaources permitting iaBue, could not be unbiased and would not
fairly represent the actual circumstanceai creating a aituation where
the city could have little confidence that an accurate report waa
being diBcuBsed.

At almo8t all of these meetings one or more of the representatives
from the affected agencies (i.e. Department of Natural Resources, Lee
county, or wegt Coa8t In1and Navigation District) waa abaent. In
fact, at some meetings only the Captiva Erosion P:evention District
and the City of Sanibel were repreaented.

The proper conEideration of an appropriate plan which will affect us
aII far into the future demand8 that ful,l representation be provided,
without complete cooperation from alI sides, it is uaelesa to
continue in this process,

CITY COUNCIL

ADMINISTRATIVE

BUILDIn..C

EMERCENCY MANACEMENT

.E

PARITS d RECREATION

PLANNINC

POLICE

PUBLIC WORKS

t724135

47237U)

4724555

4723rl1

412-&15

472-4359

412-3373

472"4136

472-31I I
4725397

AREA CODE ,II13

Becycl€d paper s

fn the meanqime, the beach continues to erode, homea and propertiea
are incleasj.lgly threatened, the city's and captlva'E evacuatLon
route has become even cloEer to the active beach, and nothing
definite haa been accomplished.



l'!r. Steven Cutler
Deceobe! 9, 1991
Page 2

By copy of thIE letter, I a.m notLfying all partsj.€a lnvo:.ved how
non-productlve this proceaa has become and ulging more cooP€ratlon.

ReEp€ctfuIly.

cary A. rlce,
Clty

cAP/V.rS

Sanibel city council
I,ee County commiEEioner John llanning
Acting county AdminiEtrator Bob cray
Le€ county Planning - Ji-m Lavender
Lee county Marine Sciences - chuck LiEtowEki
state Dlv. of coastal Bngineering & Regu.l,atlon - Kirby Green
state Div. of Beachea & shoree - Lonnie Ryd€!
State Div. of Beaches & Shores - Ralph Clark
west coast Inland Navigation Distrlct - Ji-m Armatrong
Captlva Erosion Prevention Diatrict - Aliaon Hagerup
sanibel City Attorney Bob Pritt
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Xr, OrrI Price, Cii, HeErgEr
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llovem.ber 22, 1991

Rc I Bl lnd PEss Inl
Rrport , E&!1 Fl l e llo ,

Dear Hr, Frico,

sEt{T viA 3AX

Study, Revler oict lIrnag6hant
tq

QL Eov rag
? coPy oi tho

!he ccovrralon ftctor e6ta.blllb.d? (Flcrtr provld
".coaglal englDc!r.1nE anelyri:" ),

2, ?br convergl,o! iactor of ,67 cubic terdr
bcrch 1r roducrd by brlf r to .33, to aocorut
Bhor! rDstioa of. ti:e flrtt mIlc oi Saqlbcl
thrl halt o! th. arolion oo SaalbcI is
ovetyqeb.

Q2. L t!,ir bagod oa aslu:nFtiosc
tbll modl!icEtloo, rr:d if so
jusli, licrtioD? (P1..r€ provide
.ttrbllch tllc conyergion feotor),

p!! s{uat! ! oot oll
lor ovcrrrsb eloeg r'
Isteld, lbls rcasd
being allrlbuicd i -q

..,1
jus ti ti ca tl oo tori
d€tal! , lt tblil

tbat rrr urcd tq

6r ir thtrr
shat, ln .

EnY drLr

3, Tbe transport rEtec glvs$ in Figurec I,
to lhr volume chango!, in terms of Ehe volume
,dillcrrocr betweeu tho transport il end tlr
hot oura^be r ol other Ievels oi lr.Dgport ralag
thi r coodi Li oa.

2, aod 3 oortrrpos{
chalgt 6qualing tie'
!raaegort ou!, but'
couj d alro rrtlstl

Q3. Eov *ar
vol um€ clan
eatebIlsb th

et
te9
at

!e tranr?ort rrleg dctermlncd from tha
, !t, whal bcundary coodl llons vcra
raosport rat cs?

c olvs rt ed:
used !o'

ar r lol1or uD to our dLrcusriona today, He a!! provldiaq ycu
ritb lbe folloring llrt of gucstlong regaidiag thr Sliad Frss
Inl.t t{alagcao! Study Int.rlD RoPort No, 2' fhe Easxers tq
therg quegtloas HiI I hrlF u! lo compi eta our rcv1afi of ihe
rcport. 

;

1, Tbs li!toral budget anallgir is berad oa boricontrl changes id
E\grel!nc porltlon ubicb are converted lo rcproaeniaLiva vol'."44
cbangca by rpplicatlon of s coaversioo tac!or. It is statad 1n
tbc lDl.ilm Rrgort lha! Lbe cooscrsion fic!or xeg dolrrnlrcd
tbrough 8 "colglal anEln!.ring rnqlrslg" but tbtl rnalyrir 1s rotiprrsentrd, 

i
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QBr. Eav. ovcrrqeb gu.at i ti es

QEb. 0id ov.llash evgr occur

to lhc Post coogtruclioo q
exLansioo tl19 comPlatcd'
scvarE post conrtructton

!ollorlag comPleLion ci t

€!iod a.9 ataitl:E li1n S.F r ltnb.r liSl,i
erosloe occurlec oa

ha or t eua 1oa ,

Q1. flhy is tbis ool
llnr poriod end has
rna I ysi t?

coDaldarld as parL oi tbe poaL coae!ruc"
it been consist.ully acalcctod lhroughout

!, P.legrepb 2 on Psge 13 Prr!€nts a volume
Sanib:.1 

-Hbich 
incl,.rdrs aend lrhlch accumulrt€d

rhorl rt EillC Pa6! bctB.cn 6aaj,bcl rnd caPtlva,

05. nhy !s thr lend on tha Bllad Prss cbb shoal
prrt of 6rnlbcl lglcad?

6, The lart paragrapb cD Pagc 13 ctalcc lhe!
'tlLypicqi ?.rlodI aod lbi beach erocloo north ol
grolD rrsuEE.sts" lhat duriog a Botrc typicaJ year
bypass 53,000 culic yErds,

i:r. llor was thr 53,oOO cu.blc yerd figure cornPulrd? 
,

Q6b, Hea con!ldrsrtioa glveo bo the ,ossiblllil thrt thc prc-
bouri,shrocat Dcriod mry hlvo had "rtlpical Prrtodrrt rr trcll? l

?ba th1rd prrrgraph oa pEg. 11 gtala3 ihrt 31!c. August
c bracb ln Serrlbel haa crodcd At 40,000 cy/1r,

Q?,llhy 1s {0,000 cylyr uscd hcra loelrrd bf lhe :o,OoO oilyr.
Itbat lc aivee la Figure 1? 

i

8, Prregrlph 2 oo prEe 15 slatcc "Tbc maJor caugr of lho rrscal
rrpid shcrrllne rrcrrrioo oa Hortbera Eauibcl is thr coatlauc{
ovirsrah of lhr Sruibel lclaqd et tno loprlloos in tbr lirsii
nilc. Thlr proccat rrr inl tlatad by Troplcal stona l(Eilb rnd
dqBtiou.! lhrouEh t.oday[ ]
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ertansioo in'
norlheln r

th1 s and thei
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IO, Tba!t are teE alteraatives li,rtcd unds! laltt byrrrri:E
3,rtaEB, )

Q10, Hhrt do rllernatlvec l, 2, 4, S, 6, 1, 9, aad I0 hrv. io Cc

i] 1, the coacluglon 1a Brd. that thc jclty ..;t.aslou hrr or ur r,{
rrocioo oo 6rnibcl lgland, but that its renov!l xould dcate.blIi.:.
Blird Prrc aod may clorc 11, and that lharafors lhlt !s rot
rrsoBm.od.d !E aE Elteraallve malag.nes: PI.n.

I2' ln sddition lo jctty ramovel .od J.tty e:tons{o:1 r.G6vri,.
rhcr! Era msDI olhcr goasiblr nodlilcrlions Lo tbe Jclty thrt
rould iruprovc oaturll srDd byprsr

9l!, ilhy rr€re qo other jclty modillca!ioos conrldared?

QlI, 6iven tht fact that EIiad Prsr
pri.or to bhe Jatty r:lcusion, hor l,qs
Potrltirl oiorure of Bilad Pera 1: r
the erosioo oo Sanibcl Island?

rlrg inl ermr t l.at I t clotod
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s cootrlbutlca
l€d to thrrr
bcl slorel ir,r,
lion, ard ti..ri
u1d r.duc! ',hr

13, Thc lrst peragrapb oo prg€ 6? ry, thar. CEPDI
lo the lnlcl menagemeni plan .jo\lid tc oquE
olllEltiod to ml,tIEat6 erosion drmagcs to th€ lill.! rrgulrcd by DNR uader aD elisllDg pcrnil. coodl
S35,000 coatributed to*ard tbc nqncgenenl ,1tD shog.ralt coadill,on obligr,tlol

llr suggcri lbat lbatc quegtioas br
so tbrt Lbrl qill bc abje lo rddrrsg
Oor.urol I raeclrng ,

fonrrrdcd to CEPD t t
tben at lhr Dcccrnter
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q FLORIDA DEPARTMENT OF NATURAT RESOURCES

llarjory Stoneman Dou$rs Building

3900 Commonwealth Boulevard

Tallahassee, Florida 3E99

l.rtor OiL!
Gonmor

Jh SDilh
S(r!t4 o( Sht

&b &tt rrorth
Itloocy 0cncnl

ftnld L'n
Sld. Corpdl.t

Ioo &llrdrs
Shb 'ltt &r!r
Bot trrtfod

ColDir.fuccr of fgidhn
8.t, Crrbt

Cooninionu of [dutelion

November L4, ]-99L

Mr. Thomas Canpbe11, President
coastal Planning and

Enqineering, Inc.
2 4 8 l- Boca Raton Boul-evard
Boca Raton, Florida 33431

Dear Tom:

I recently reviewed the d:-a-ft Blj-nd Pass lr"rlet }lanagement Plan
Interj-n Report No. 1 and gave my comments to Norman Beumel , I
understand that report is being updated or final-ized now. I al-so
understand that work is aLso undervray on Redfish Pass and a fj,rst
report will soon be available.

I am sorry that I nissed the recent meeting with the captiva
Erosion Prevention District. We wil-1 have contracted studi-es of
about seventeen inlets this year (plus five last year) and, given
our budget constraints, we can not possibl-y attend all the inl-et
study briefings and meetings. Enclosed is a draft of rnaps
shor.ring the inlet locations for each fiscal year of studies. The
future FYrs are not cast in stone but wilf give you some guidance
on our current prioritization.

I have been reviewing the Blind Pass Interj-m Report No. 2 and
have the following comments and questions. I may have more
connents as f continue a review of this report but these are my
initia] thoughts.

p. 29 A]ternati.ve 1a.

what is th.e survi./ability of tirese f lu.shing culverts? lihere in
Florida do these culverts exj.st and what i,s their repair and
maintenance history? what threshoLd erosion/ tide/erave conditions
\^rill damage these cufverts and what is the annual frequency of
these threshol-d conditions? What is the annual-ized maintenance
costs of these culverts?

.{dtrirbh.ti}n Eadra rad Shores Lrr Etlfort.m.nl Xuinc R!.oona fia.I!:tior rnd Parl(J R!.ourt! f,.r.8amar Shh taids



p. 37 Alternative 3

what is the basis for believing that the removal of the groin
extension wj.l-l close Blind Pass? Why not consider beach f i1l-
renoval north of the grroin extension and transfer to Sanibel?
why not consider using the surety bond to cover the groin
extension removal cost?

It should al-so be mentioned that this alternati.ve
address the mandate for bypassing as set forth in
F.S.

p. 41 Afternative 7

on what basis is it not a des.irable option?

p.43 Al-ternative 9

does not
Chapter 161,

p. 47 Al-ternative c. 1

why does it have to be consj,dered a loss of public beach? If the
natural bypass quantity is being mechanically transferred and if
sand is transferred from one beach to another, r,rhy do concerns
have to be biased to the beach on captiva fsland?

p 49 Alternative c.3

It
is
Ft.
on

should be noted that an experirnental beach dewatering project
to be instal-]ed south of Ft. Pierce Inlet. The resul-ts of the
Pierce experirnent need to be evaluated before consideration

Sanibel fsland.

p. 52 Alternative B.3 should be considered further.
Alternatives B.6 and 8.7 should also be considered further.
Alternative C.3 should not be considered further at this tirne
unless the Ft. Pierce dewatering project proves successful .

p. 53 VII.A. When Big Hickory Pass, Dunedj.n Pass, and Midnj-ght
Pass cl-osed, the water guality and D.O. did not decrease, so how
is closure of Blind Pass going to decrease water quality and D.O.
in Pine Island Sound? How are organisrns going to be induced to
perish? Will not f j-sh just use other open inlets? Are not they
just opportunistic when it cohes to using an open Blind Pass?

p- 37 Alternative 4

How can 4 be reconmended and 3 not be recommended when their
disadvantage is the potential closure of Blind Pass?

p. 39 Alternative 6

What is the basis for not reconnending this option? It/s a
substantially lower cost than 2 or 4 which were recommended and
there are no stated adverse inpacts.



p. 57 3. see connents for p. 37 (Alternative
of sand by truck from captiva Island to sanibel
different impacts than dredging from either an
the inlet shoals.

3)
I

of

. The transfer
sland would have
fshore source or

eros ion
will have
provide

p. 59 7. The arnoringr in conjunction with continued
will result in the loss of beach. This loss of beach
an impact on infauna and nesting sea turtles and wiLL
habitat for other species.

p. 59 8. The physical feasibility of nonhydraul-ic removal of
flood shoaL material leaving a perimeter buffer should be
investigated hrhen further consideration is given this option.
This was a viable option following the subtropical, storrn of June,
1974, when a substantial quantity of material was transported
northward into the inlet off of Sanibel Is.l,and's beach. In its
current configuration this option night not be physically
feasible, but if it is, its environmental inpact couLd be
l irnited .

p. 62 3. What
community? was
project site?

is the impact of dewatering
this factor investigated at

on the infauna
the Sailf i,sh Point

p. 64 D. Has it not been established that the groin extension
and erosion control project has been affecting the northern
shoreline of Sanibel Island, notwj.thstanding any differences of
professional opinj,on as to the quantity of the inpact? A most
important fact has been excLuded - the CEPD is the locaL sponsor
of this study.

p. 67 Paragraph 5. How can it be concluded that the groj.n whi.ch
Lee County constructed impacted the beach, yet the extension of
the same groin constructed by this study sponsor nay or may not
have irnpacted the beach? The purpose of the CEPD'S placement of
15,000 cubic yards of naterial on Sanibel, IsLand is to rnitigate
the impact of their permitted erosion control project not to
rnaintain the natural bypassing of the in1et. The CEPD,s Ieve1 of
responsibility in sand bypassing is subject to further discussion
but should not be affected by their responsibility to mitigate
for danages caused by their project.
p. 69 The 1eve1s of governmental responsibility should be
reviewed in grreater detail and be subject to debate. ft may be
prudent to identify Levels of governnent funding only for those
alternatives which are to be considered further and not raise
debate over funding levels for projects which will not receive
further consideration.



Mr. Thomas canpbell
November L4, 1-991
Page Two

RRc/bc

Alison Hagerup
Gary Price
chuck Listo$rski

p. 70 what is the target date for the fourth workshop meetingr?
can each agency's review conments be circulated prior to neeting?

sincerely,

d*4 /&/
Ralph R. cl-ark
Of f j,ce of Beach Management
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COASTAL PLANNING A. ENGINEEFING, INC.
,..\OCA RATON:2491 N.w. BOCA TAToN aoULEVAFIo. BocA RATON. FL 33431

IRASOTA: 1605 MAIN STFEET SUITE 8OO. SARASOTA. FLOnIOA 34235
JACKSONVILLE: t 322 CHABLIS COUFIT NOFITH. OFIANGE PAFIK. FLOtIOA 32O73

(4O7] 391-A1OZ TELEFAX: (4O7) 391-9'i't6
(E!13, 365-5957 TELEFAX: (41 3) 95a-6O36
(9O41 264-5O39 TELEFAx: (SO4l 26a-5O39

8401.75

August 2, 1991

Ms. A1ison Hagerup
Captiva Erosion Prevention District
P. O. Box 365
Captiva, FL 33924

Dear Alison:

We have received a copy of a letter from luly 23, 1991 from Mr. Gary Price. We have taken
the steps to incorporate his comments into the ongoing study of Blind Pass as you have directed.

The study proposes one ebb tidal shoal survey. Mr. Price suggests a continual
monitoring of the ebb shoal. The future monitoring prograrn could be modified to
include aa ebb shoal survey as directed by the Board. This, however, would not
necessarily be part of this study but couid be a recommendation of the study. Concern
about possible reduction of tire ebb shoai wili be addressed in the evaiuation of inlet
options.

Mr. Price's comments on Phase II (4) methodoiogy. As suggested, we wiil consider the

changing geography of Captiva and Sanibei in our historical review of sand movement
along the islands. The model and analysis of today's condidons wiII reflect the current
geography of the islands. We will model Dr. Dean's recommendation as one of the
alternatives as suggested by Mr. Price.

The no action alternative will be evaluated to establish long term trends without further
modification of the inlet (as suggested by Mr. Price).

We will take into consideradon Mr. Price's concern about further disturbance to the inlet
Potentially causing problems. The analysis will identify the uncertainties with each
potential solution so that the committee can assess the risks involved with further
disturbance or modification of the existing inlet.

The term "adjacent beaches' in Phase tr, C.3 on page 3 refers to the beaches that arc
adjacent to Blind Pass for a distance of beach that is affected by the pass. This distance
will be determined by the evaluation of shoreline data.

A

D

D

E

COASIAL A OCEiAN ENCINEEFING
coasrar- suFrwEYs
AIOLOGICA! STUOIES
GEOIECAN'CAL SEFVICE:

Some of the comments require further discussion at the next committee meeting. The following
details our response to Mr. Price's comments.



8401.75
August 2, 1991
Page 2

Please advise if additional action is required to ad&ess Mr. Price's concerns.

Sincerely,

,INC.

President

TJC:jo
rpbp01:84017501.802

I

Ad Hoc Committee Members
Dr. Dean
Dr. Mehta
Norman Beumel
Susan Beumel

COASTAL PLANNING & ENGINEER'NG, INC. . AOCA RATON. SAFIASOTA. JACKSONVILLE



.Iuly 23, 1991

Alleon Hegerup, A&nlnl.trrtor
gptlva llo.lon 9rav€atlon Dlttllct
P: o. Box 36t
crpt.Lvs, xL 33924

Rei Bltnd Pr!. scoP. o! 9lork Agrscs.nt

Dcer Alleonr

I h.ve r.vl6wpd th. Bllnd Drs. rnlet u.nagc8l.ni P1.tr 86oDa o! balt. *"
rnd hav€ th€ followlng com€nts r

tlald tnlrstlqetlongr I

ih€ harlth of !h€ cbb tlda 6hoal alouta lc monttorad to ensur.
that th€rE are no negailve ltngrct. to this protactlv€ f.r3u!e.
tbb lldal ahoal lg e nlturtl protectlvo bazrier to !,aves and
rhoul,d be nalntrlncd. Bbb tld€ lhorl 6hou1d not be d&rtnlshcd
by dredglng or sand by-pacs. Perlodlc surv.yr ahould coa'-Inu.
to monltor shoal nl,glatlon slnca eltuatl,on haa Roc be€u
dctcrmined to b€ Etatic. l{onltorlng rltould contlnue to prcj€ct
long tcrm ctoglon. We necd An cxtcnElva cooporatlv. rnonltorlng
proglarn.

-48!LsopE_. 8.j,r,

cttYcourrcn. lil-lr:r5
lDl lilsTltATtYE 1723;dJ

sull.lrNc !'.2-4r.s

EvEncrilicl )t{NAcr:Jrt:M,iz.3lll

Fer{a.lc}: .172.!6 l3
{-
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