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&

REPLY TO
ATTENTION OF;

CECW-PE November 20, 1989

SUBJECT: Martin County, Florida
THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress my report on Martin
County, Florida. It is accompanied by the reports of the Board of
Engineers for Rivers and Harbors and the district and division .
engineers. These reports are in response to a resolution adopted
18 May 1973 by the Committee on Public Works of the United States
Senate. The Committee requested that a survey be made of the
shores of Martin County, Florida, and such adjacent shores as may
be necessary in the interest of beach erosion control, hurricane
protection, and related purposes in accordance with Section 110 of
the River and Harbor Act of 1962.

2. The district and division engineers considered structural and
nonstructural measures to reduce beach, land, and property losses
resulting from erosion, storms, and hurricanes along the 22 miles
of Atlantic coastline, Martin County. The reporting officers
recommend a protective beach, with subsequent periodic nourishment,
extending over 4 miles of shoreline from the St. Lucie County line
to near the southern limit of Stuart Public Beach Park. The plan
would include restoration of the primary dune as needed to an
elevation of 12.5 above mean sea level (m.s.l.) and a top width of
20 feet. A 35-foot-wide protective berm would be provided at
elevation 8.0 above m.s.l., and continued fill would gradually
slope seaward of the berm to the existing offshore bottom.
Advanced nourishment sufficient for an estimated 8 years of erosion
losses would be included as part of initial construction. Beach
fill material would be obtained from a borrow area lpcated
1/2-miles offshore from Stuart Public Beach. Relocation and
incubation of sea turtle eggs are included as part of construction
and subsequent periodic nourishment. Alternatives considered for
the balance of the Martin County coastal shoreline are not
economically feasible.

3. The Board of Engineers for Rivers and Harbors concurs with the
findings of the reporting officers. The recommended plan maximizes
net National Economic Development (NED) benefits. The Board
recommends the plan for a protective beach, generally in accordance
with the reporting officers' report, with such modifications as, in
the discretion of the Chief of Engineers, may be advisable, and
subject to cost-sharing provisions of the Water Resources
Development Act of 1986, as amended.
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4. I generally concur in the findings, conclusions, and
recommendations of the Board. Since preparation of the Board's
report, policy on recreation development has evolved and changes
have occurred in shore protection policy pursuant to the Water
Resources Development Act of 1986. To indicate how these changes
impact the Martin County report, I have enclosed a supplemental
information paper. The recommended plan, with a currently
estimated length of 21,120 feet, has been formulated basically
for hurricane and storm damage reduction purposes, and remains
the NED plan. The recommended plan also is justified
economically when recreation benefits are limited to 50 percent
of total project benefits. Based on October 1989 price levels,
the recommended plan has a total first cost of $9,391,000. Under
current policies, first costs of the recommended plan would be
shared $3,850,000 Federal and $5,541,000 non-Federal. The
project also includes periodic nourishment at a cost of
$5,213,000, estimated to occur every 8 years. The nourishment
cost is estimated at $2,137,000 Federal cost and $3,076,000
non-Federal. Average annual costs, at an interest rate of 8-7/8
percent and a 50-year period for economic analysis, are
$1,322,400. Average annual benefits are $1,988,700, resulting in
a benefit cost ratio of 1.5.

5. The reconmendations contained herein reflect the policies
governing formulation of individual projects and the information
available at this time. They do not necessarily reflect program
and budgeting priorities inherent in local and state programs or
in the formulation of a national Civil Works construction
program. Consequently, the recommendations may be modified
before they are transmitted to the Congress as proposals for
authorization and implementation funding. However, prior to
transmittal to the Congress, the sponsor, the State of Florida,
interested Federal agencies, and other parties will be advised of
any modifications and will be afforded an opportunity to comment
further. ‘

H. J. HATCH
Lieutenant General, USA
Chief of Engineers

1 Enclosure






DEPARTMENT OF THE ARMY
BOARD OF ENGINEERS FOR RIVERS AND HARBORS
KINGMAN BUILDING
FORT BELVOIR, VIRGINIA 22060—5576

REPLY TO
ATTENTION OF:

BERH-PLN 3 June 1986

SUBJECT: Martin County, Florida

Chief of Engineers
Department of the Army
Washington, DC 20314~1000

SUMMARY OF BOARD ACTION

The Board concurs in the recommendation of the reporting officers
for beach erosion control measures in Martin County, Florida.

The proposed plan consists of restoration and subsequent periodic
nourishment of 20,215 feet of Atlantic Coast shoreline extending
from near the southern limit of Stuart Public Beach north to the
St. Lucie County line. The improvements are needed for the
reduction of storm and hurricane damages and to meet projected
beach recreation demand. The first cost of the recommended
project is estimated to be $9,419,000, and the benefit~cost ratio
is 1.7. The Board recommends the plan subject to cost-sharing
and financing arrangements satisfactory to the President and the
congress.

SUMMARY OF REPORT UNDER REVIEW

1. AUTHORITY. This report is in response to a resolution
adopted 18 May 1973 by the Committee on Public Works of the
United States Senate requesting that a survey of the shores of
Martin County, Florida, be conducted in the interest of beach
erosion control, hurricane protection, and related purposes. The
resolution is quoted in the District Engineer's report.

2. DESCRIPTION OF THE STUDY AREA. The study area includes

22 miles of coastal lands in Martin County, Florida. Martin
County is located 100 miles north of Miami and due east of Lake
Okeechobee. The c?astal area of the county consists of parts of
Hutchinson and Jupiter Islands, two barrier islands separated
from each other by St. Lucie Inlet and from the mainland by
Indian River. Two causeways over Indian River provide access to
Hutchinson Island. Elevations on the barrier islands vary from
5 to 25 feet mean sea level (m.s.l.), while widths range from
200 feet to nearly 1l mile. Beaches are composed of shell frag-
ments and fine sand. Coquina rock outcroppings occur
periodically along the shore on both barrier islands. Martin
County beaches also provide nesting sites for sea turtles.
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3. ECONOMIC DEVELOPMENT. Martin County is a rapidly developing
region in southern Florida. The estimated 1985 population for
the County is over 80,000, compared with 64,000 in 1980.
Population is expected to reach 165,000 by year 2020. Economic
development depends heavily upon tourism. Other major industries
include aerospace, plastics, and agriculture. Most of the
development on Hutchinson Island within Martin County has
occurred within the last 10 years and consists primarily of
multiunit residential structures. In contrast, development on
Jupiter Island consists predominantly of single family estates.

4, EXISTING IMPROVEMENTS. A Federal navigation project was
constructed at St. Lucie Inlet by the U.S. Army Corps of
Engineers in 1982. This project provides a 650-foot extension to
a locally constructed north jetty at the inlet, a 400-foot
detached breakwater, a 1,200-foot south jetty, an impoundment
basin, and a channel varying from 16 feet deep by 300 feet wide
at the entrance to 7 feet deep by 100 feet. On Hutchinson
Island, local interests have constructed 3,500 linear feet of
stone revetments fronting their properties. Local interests on
Jupiter Island have provided both periodic beach fill and
protective structures to reduce erosion.

5. PROBLEMS AND NEEDS. Erosion of land and beaches has occurred
in the past and is expected to continue alonyg the shoreline
except in areas of exposed coquina rock outcroppings. Severe
storms and hurricanes pose a significant damage potential to
private and public development. The primary needs are protection
from damaging waves and enhancement of public beach use. Control
of beach erosion is deemed to be critically important to the
tourist-based economy and future prospects for economic
development in Martin County.

6. IMPROVEMENTS DESIRED. Local interests generally desire
protection of public beach developments by means of beach fill
and periodic nourishment. Private developments, concentrated
between the two major public beaches on Hutchinson Island, Stuart
and Jensen, also desire protection against erosion and damage
from storms and hurricanes. Martin County, which already has
expended considerapble funds to acquire additional public land for
access and support? of public beach use, desires to preserve its
investments.

7. ALTERNATIVES CONSIDERED. A broad range of both structural
and nonstructural measures were considered during the planning
process. These measures ranged from use of revetments, seawalls,
bulkheads, and groins; control of development; and beach fill
with periodic nourishment. Alternatives considered in detail
included beach fill at the two major public beach parks on
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Hutchinson Island alone, and in combination with beach fill along
the shoreline in between.

8. PLAN OF IMPROVEMENT. The District Engineer recommends
improvements on Hutchinson Island extending south from the border
of Martin and St. Lucie Counties for a distance of about 4 miles
to near the southern end of Stuart Public Beach. The recommended
plan provides for restoration and addition to the primary dune to
a height of +12.5 m.s.l. and a crest width of 20 feet. A protec-
tive berm 35 feet wide would extend seaward of the primary dune
at elevation +8.0 m.s.l. The beach fill would then slope to the
existing bottom offshore. Initial construction would also
include provision for advanced nourishment. Sand for the
recommended plan would be obtained from a borrow area about one-
half mile offshore. Relocation and incubation of sea turtle eggs
would be an integral part of beach fill construction. Measures
considered for the remaining portion of Hutchinson Island and for
all of Jupiter Island were not economically justified.

9. ECONOMIC EVALUATION. The District Engineer estimates the
first cost for the recommended improvements to be $9,419,000
based on June 1985 price levels. Under traditional cost-sharing
policies, the non-Federal share would be $5,038,500., Annual
costs at an interest rate of 8 5/8 percent and a 50-year period
for economic analysis are $1,340,300. Average annual benefits
are estimated at $2,225,000, and the benefit=-cost ratio is 1.7.

10, PROJECT EFFECTS. Construction of the protective beach would
provide a significant reduction in storm and hurricane damage to
upland property. Storm damage in the project reach for a 40-year
recurrence interval event would be eliminated. Damages from a
l10u-year-frequency event would be reduced about 85 percent.
Erosion of land and beaches in the project reach would be
controlled, and additional public area provided by the protective
beach would meet the projected demand for beach recreation.
Dredging in the selected borrow area would result in short-term
impacts on submerged sabellariid worm reefs. Increased turbidity
levels during dredging and construction may reduce offshore and
onshore fishing. Construction activities would limit beach
recreation throughout the project reach. Increased local expen-
ditures for periodic nourishment and operation and maintenance of
public beaches would be incurred. Vehicular traffic associated
with the increased recreation use of the public beaches would be
greater, especially on the two causeways connecting Hutchinson
Island with the mainland.

11. RECOMMENDATION OF THE REPORTING OFFICERS. The District
Engineer recommends authorization for construction of beach
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erosion control improvements at Hutchinson Island, Martin County,
in accordance with the plan described in his report, and in
accordance with cost-sharing and financing arrangements which are
satisfactory to the President and the Congress. The Division
Engineer concurs.

REVIEW BY THE BOARD OF ENGINEERS FOR RIVERS AND HARBORS

12. GENERAL. The Board's review encompassed the overall
technical, economic, social, environmental, and policy aspects
involved in the erosion control plan proposed by the reporting
officers, including conformance with the Water Resources
Council's Economic and Environmental Principles and Guidelines
for Water and Related Land Resources Implementation Studies. The
Board also considered the views of local interests, as well as
those of Federal and State agencies.

13. RESPONSES TO THE DIVISION ENGINEER'S PUBLIC NOTICE. The
Division Engineer issued a public notice on 30 September 1985
stating the recommendations of the reporting officers and
inviting interested parties to provide comments to the Board.
The Board did not receive any letters in response to the public

notice.

14, FINDINGS AND CONCLUSIONS. The Board of Engineers for Rivers
and Harbors concurs in the findings and recommendations of the
reporting officers. The proposed improvements are engineeringly
feasible, economically justified, and environmentally

acceptable. The recommended plan reasonably maximizes net
benefits and is the national economic development plan. The
proposed project would not result in any significant adverse
environmental impacts. The Board believes the report essentially
complies with applicable policies and guidelines.

15. The Board notes that Martin County has devoted considerable
effort to preserving and enhancing dune vegetation on Hutchinson
Island. Construction and placement of beach fill should attempt
to preserve as much dune vegetation as possible.

16. The recommended plan would provide a significant reduction
in storm damage to: property within the project reach in Martin
County. The Board is aware of the increasing nationwide concern
regarding recent development trends in coastal areas vulnerable
to storm and hurricane damage. Martin County has adopted coastal
development controls and dune preservation ordinances that are
among the most stringent in Florida and the Nation. These con-
trols are expected to significantly limit increases in storm
damage resulting from future development. The economic analysis
supporting the recommended plan is based only on existing
development.
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17. The Board notes that Martin County is a rapidly growing
area. The control of beach erosion and the additional public
beach area provided as a result of project design to reduce storm
damage would be a significant and widespread benefit to the
public. Beneficiaries of this public beach would extend far
beyond the residents of Martin County and vicinity due to the
large number of tourists.

18. The Administration's policy on water project financing and
cost sharing is that all Federal water development agencies will
continue to seek out new partnership arrangements with the States
and other non-Federal interests in the financing and cost sharing
of the proposed projects. Each such agency will negotiate
reasonable financing arrangements for every project within its
respective area of responsibility. In addition, prior commit-
ments to individual States with regard to water development
within their borders will be considered and shall be a factor in
negotiations leading up to project construction; and consistency
in cost sharing for individual project purposes, with attendant
equity, will be sought. Project beneficiaries, not necessarily
governmental entities, should ultimately bear a substantial part
of the cost of all project development.

19. RECOMMENDATIONS. The Board recommends that beach erosion
control improvements for Martin County, Florida, be authorized
for implementation generally in accordance with the reporting
officers' recommended plan, with such modifications as in the
discretion of the Chief of Engineers may be advisable and subject
to cost-sharing and financing arrangements satisfactory to the
President and the Congress. This recommendation is made with the
provision that, prior to implementation, non-Federal interests
will agree to comply with the following requirements:

a. Provide without cost to the United States all necessary
lands, easements, rights-of-way, and relocations required for
construction, operation, and maintenance of the project,
including that required for periodic nourishment;

b. Hold and save the United States free from claims for
damages which may result from construction and subsequent
operation, mainterance, and public use of the project, except
damages due to the fault or negligence of the United States or
its contractors;

c. Assure continued conditions of public ownership and use
of the shore upon which the amount of Federal participation is
based during the economic life of the project;
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d. Assure maintenance and repair during the economic life
of the project as required to serve the project's intended
purposes, in accordance with regulations prescribed by the
Secretary of the Army;

e. Provide and maintain necessary access roads, parking
areas, and other public use facilities, open and available to all
on equal terms, and as required to realize the benefits upon
which Federal participation is based;

f. Provide a cash contribution for beach erosion control
equal to the appropriate percentage of the final construction
cost allocated to this function, exclusive of lands, easements,
rights-of-way, alterations, and relocations, the percentage to be
in accordance with existing law and based on shore ownership at
the time of implementation:

g. Provide a cash contribution for periodic nourishment
during the useful life of the project, such contribution to be
made prior to each nourishment, with the actual amount to be
based on existing law and conditions of ownership at the time of
each nourishment; and

h. Provide a cash contribution for the cost of beach fill
placed landward of the erosion control line on private lands,
during initial construction or subsequent nourishment, the cost
to be determined at the time of construction or periodic
nourishment.

20. The recommendations contained herein reflect information
available at this time and current Departmental policies
governing formulation of individual projects. They do not
reflect program and budgeting priorities inherent in the
formulation of a national civil works construction program nor
the perspective of higher review levels within the Executive
Branch. Accordingly, the Board acknowledges that the
recommendations may be modified before they are transmitted to
the Congress as proposals for authorization and/or implementation
funding.

FOR THE BOARD: ‘

N. G. DELBRIDGE, JR. ///'
Major General, USA
Chairman



"MARTIN COUNTY, FLORIDA - SUPPLEMENTAL INFORMATION

1. Land Loss Benefits. - Land loss benefits have been recalculated
based on changes in shore protection policy. The report of the Board
of Engineers for Rivers and Harbors reflected benefits for prevention
of loss of public lands at six public beach park areas. Recreation
use benefits were also claimed for these beach park areas. The land
loss benefits in these areas have been eliminated on the basis that
these benefits may double count the recreation use benefits. The
table below shows the calculation of the loss of private land. This
is the basis of the remaining land loss benefits after the public
park areas are eliminated. These lands would be lost in the absence
of construction of a protective beach and consist of privately owned
developed and undeveloped lots landward of the beach and dune. No
land loss is claimed for areas behind existing shorefront protective
structures. The location/access in the left column identifies the
land in relationship to the nearest public access point (private land
to the north or south of the public access area).

Table 1
Loss of Land Prevented
Location/ Shorefront Distance Erosion Rate Surface Area
Access Ownership (ft.) (ft. per vr.) (sq. ft.)
>rth County private 1155 0.7 809

ACCessSs
Jensen Beach private 820 3.0 2460
Park .
Bob Graham private 268 2.0 536
Park private 745 2.0 1490
Alex's Beach private 745 0.8 596

private 1470 0.8 1176
Virginia private 1667 0.6 B 1000
Forest
Tiger Shores private 875 2.9 2538
Stuart Beach private 1025 2.9 2973
bPark 1320 0.7 924

Total 10,090 14,502

The loss of land prevention benefit is calculated by multiplying the without
project annual land loss area (in this case 14,502 sq. ft.) by the value of
the land. The report of the Board of Engineers for Rivers and Harbors
~eflected a -land value of $10 per square foot based on shorefront land

1lue. In accordance with current policy, the prevention of land loss
wenefit has been recalculated based on a nearshore land value of $4 per
square foot. This results in an annual benefit of $58,000. The elimination






of the land loss benefit for public keach parks and the use of nearshore
values results in a reduction of $150,600 in the loss of land benefit. This
benefit reduction does not change the designation of the recommended plan
as the NED plan since the reduction would apply to the entire array of beach
£ill alternatives. -

2. Revised Cost Estimate. The cost estimate for the recommended plan has
been revised to reflect unit costs as of October 1989 and to adjust for
erosion that has occurred since initial shoreline surveys were conducted.
The revised estimate is presented on Table 2 which follows.

Table 2
Estimate Costs for Recommended
Martin County Hurricance and Storm Damage Reduction Project

Item Quantity & Unit Unit Cost Total
Mobilization & Lump Sum S 800,000
Demobilization
Beach Fill 1,065,300 cu yds $5.30 5,646,000

(Includes Advance
Nourishment)
Establish ECL Lump Sum . 20,000
onitoring Lump Sum 12,000
location of Lump Sum 28,000
Turtle Eggs
Lands Easements Lump Sum 27,000
and Rights-of-way
SUBTOTAL ' $ 6,533,000
Contingencies @ 25% , 1,633,000
SUBTOTAL " 8,166,000

Engineering & Design
and Supervision &

Administration @ 15% 1,225,000
TOTAL FIRST COST “ 89,391,000
Interest During
Construction 102,000
TOTAL INVESTMENT ' ‘ $9,493,000

ESTIMATED ANNUAL COST

Item Annual Cost
Interest and Amortization ($9,493,000 @ 8 7/8) $ 854,700
Periodic Nourishment (488,000 cy @ 8-yr intervals) 467,700

TOTAL ANNUAL COST , $ 1,322,400






3. Revised Cost-Sharing. Cost-sharing for the recommended plan has been
recalculated based -on policies resulting from the Water Resources
Development Act of 1986. The estimated Federal share of the project is
~bout 41 percent ‘based on current conditions of shoreline ownership,

welopment and use. The cost-sharing calculations are presented on Table
» which follows.

Table 3
- Cost-Sharing Calculation for Recommended
Martin’ County Hurricane and Storm Damage Reduction Project

Public Shores Private Shores
Non-Fed Developed . Developed Not Total
(Park) Public No Public Developed
Use Use
Reach 1 2 3 4
Length (ft 7,055 7,840 1,200 5,025 21,120
Benefits
Damage
Reduction
Facilities $10,000 $761,400 $100,800 S 0 $872,200
Land Loss - 0 32,300 5,000 - 20,700 58,000
Recreation (1,058,500) 0 0 0 (1,058,500)
motal $10,000 $793,700 $105,800 $20,700 $930,200
Federal Share:
Reach .
1 7,055 10,000
21,120 X 10,000 X 50% = .1670
2 -7.840 761,400 : 32,300
21,120 X 793,700 X 65% + 793,700 X 65% = .,2413
3 1,200 ' “
21,120 X 0% = 0 -
4 5,025 X 0% = 0
21,120
Total Federal: L1670 + .2413 = ,4083 or about 41%
4. Economic Summary. An economic summary for the recommended hurricane

and storm damage reduction project for Martin County is presented below.
The project first costs at a October 1989 cost level is estimated at
$8,775,000. This is a reduction from the June 1985 cost estimate and
reflects a decrease in the estimated cost of dredging. The economic summary
is based on the current Federal interest rate of 8 7/8% and a 50 year
nroject life. The project benefit-cost ratio is 1.5 when all benefits are

nsidered. When incidental recreation benefits are limited to 50% of the
.otal benefits, the benefit-cost ratio is 1.4.






Table 4
Economic Summary for Recommended
Martin County Hurricane and Storm Damage Reduction Project

Average Anﬁual Benefits

Loss of Land $ 58,000
Damage to Uplénd Development 858,400
Damage to Existing Shorefront

Protective Structures 13,800
Recreation 1,058,500
Total Benefits $ 1,988,700
Average Annual Costs $ 1,322,400
B/C Ratio . ’ 1.5

W






CESAJ-PD-C (CECW-PE/22 Mar 88) (1110-2-10c) 2nd End Hr. Stevens/kcs/904-791-2204
SURJECT: Martin County, Florida

Cdr, Jacksonvilie District, Corps of Engineers, P.0. Box 4970. Jacksonville,
Florida 32232-0013 13 May 1988

FOR: fSommander, South Atlantic Division, ATTN: CESAD-PD-P, Atlanta,
Georgia  30335-6801

Information requested in Enclosure 2 of the basic letter is furnished
herewith.

FOR THE COMMAMNDER:

< Encls A. J. SALEM
Chief, Planning Division

CF:
Stevens/CESAJ-PD-C/kcs/2204
CECH-PE Hobbs /CESAJ-PD-C
Bonner/CESAJ-PD-A
Salem/CESAJ-PD .






CESAJ-PD-C (CECW-PE/22 Mar 88) (1110-2-10¢) 2nd End HMr. Stevens/kcs/904-791-2204
SURJECT: Martin County, Florida

Cdr, Jacksonville District, Corps of Engineers, P.0. Box 4970, Jacksonville,
Florida 32232-0019 13 May 1988

FOR: Commander, South Atlantic Division, ATTH: CESAD-PD-P, Atlanta,
Georgia  30335-6801

Information requested in Enclosure 2 of the basic letter is furnished
herewith.

FOR THE COMMAMNDER:

2 Encls A. J. SALEM
Chief, Planning Division

CF:
. Stevens/CESAJ-PD-C/kcs/2204
CECW-PE Hobbs/CESAJ-PD-C
Bonner/CESAJ-PD-A
Salem/CESAJ-PD
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CESAD-PD-P (CECW-PE/22 Mar 88) (1110-2-10c) 1st End Mr. Foreman/sg/331-6260
SUBJECT: Martin County, Florida

Cdr, South Atlantic Division, Corps of Engineers, 510 Title Building,
30 Pryor Street, S.W., Atlanta, GA 30335-6801 3 0 MAR 1988

FOR: Commander, Jacksonville District, ATTN: CESAJ-PD

Information requested in Enclosure 2 of the basic letter should be furnished
to this office by 22 April 1988.

FOR THE COMMANDER:

2 Encls OHN W. RUSHING

nc Chief, Planning Divi$ion







DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS
WASHINGTON, D.C. 20314-1000

REPLY TO
ATTENTION OF:

CECW-PE 29 MAR 1885

MEMORANDUM FOR: Commander, South Atlantic Division, ATTN:
CESAD-PD

SUBJECT: Martin County, Florida

1. The subject feasibility report, dated September 1985, has
been reviewed by the Board of Engineers for Rivers and Harbors
(Board Report dated 3 June 1986). Since Board action,
processing of the report has been delayed by evolving policy on
recreation development and changes in shore protection policy
resulting from passage of the Water Resources Development Act of

1986.

2. EC 1165-2-149 dated 15 March 1988 (Enclosure 1) provides
definitive guidance in areas of concern on the Martin County
project. Enclosure 2 defines the information we will need from
you in order for us to revise the proposed report of the Chief
of Engineers. Request this information be furnished by 29 April
1988.

3. Upon revision of the Chief's report, it will be transmitted
- to states and agencies for the 90-day review period.

FOR THE CHIEF OF ENGINEERS:

M. éEDIN
Chief, Planning Division
Directorate of Civil Works

2 Enclosures






MARTIN COUNTY, FLORIDA
INFORMATION FOR CHIEF'S REPORT

1. Land Loss Benefits - The average annual land loss benefit
for the recommended plan is based on an appraised value of $10
per square foot. This presumably represents a shorefront land
value. Paragraph 7a.(2) of EC 1165-2-149 indicates that
determination of the market value for land loss benefits must be
based on nearshore land value. The EC provides a definition of
nearshore land. The land loss benefits should be recalculated
and total benefits adjusted to reflect this policy change. The
revised land loss benefit should be incorporated into a revised
economic analysis that should be furnished, with appropriate
supporting documentation, for incorporation into the Chief's
report.

2. Land Loss Benefits in Recreational Areas - The recommended
NED plan includes both land loss and recreation use benefits on
six public beach areas ( reference Table 30, page 53, Appendix 5
). Land loss benefits are claimed on public shore frontage that
is not needed to support recreation use based on application of
design standards. These public land loss benefits represent
about 30.5 percent of the total land loss benefits. We believe
that the land loss benefits double count the recreation use
benefits. EC 1165-2-149 provides that the benefits of _
protecting public shores will be based on the loss in recreation
outputs in the absence of protection ( reference paragraph
7b.(1)). If the recreation use of the area cannot be calculated
in economic terms, the value of nearshore land may be applied
and a prevention of land loss benefit calculated. However, a
land loss benefit and recreation use benefit may not be claimed
for the same public beach area regardless of how much of the
public beach is "needed " to satisfy projected recreation use.
The land loss benefit should be recalculated in accordance with
comment 1 with the public park areas deleted from the
calculation. The results should be incorporated into a revised
economic analysis as discussed in comment 1.

3. NED Plan Documentation. - Documentation must be provided to
show that the recommended plan remains the NED plan with the

changes necessitated by comments 1 & 2.

4, Demonstration of Economic Justification with Recreatijion
Benefits Limited to 50 Percent. - In accordance with paragraph

15a. of EC 1165-2-149, an economic analysis should be furnished
demonstrating that the recommended project is justified with
recreation benefits limited to 50 percent of total benefits.

5. Cost-Sharing Revisions.- Cost-sharing for the project should
be calculated based on guidance provided in paragraph 7 of EC
1165-2-149. Supporting documentation in the format of the
enclosure to the EC should be provided.

~)
<

pa—.






CESAJ-PD-C

Responses to CECW-PE Comments 13 May 1988
Martin County Florida Shore Protection Study
Information for Chief's Report

Comments 1 and 2. Land Loss Benefits. The average annual prevention of

Comment 3.

Toss of land benefit now attributed to the recommended plan,
based upon the 11 May 1988 real estate appraisal of $4 per square
foot for the fair market value of nearshore land, is $58,000. As
per Comment 2, all benefits were deleted for the unused public
shorefront. This equates to 3,556 linear feet of public
shorefront as determined from table 30 of Appendix 5 of the
feasibility report (revised June 1986). The 6,362 square feet of
Tand Toss along public shorefronts per year was subtracted from
the total 20,864 square feet of surface area in table 30 prior to
the calculation of the prevention of loss of land benefit now
attributed to the recommended plan. A copy of table 30 with
these revisions is attached.

NED Plan Documentation. The elimination of $150,600 in preven-

Comment 4.

tion of loss of land benefits would apply to the entire array of
beach fill alternatives. Therefore, the net NED benefits would
change by $150,600 for each beach fill alternative and the recom-
mended plan (S-2A) would remain the NED plan.

Demonstration of Economic Justification with Recreation

Comment 5.

Benefits Limited to 50 Percent. The revision of prevention of
Toss of land benefits 1s incorporated into the copy of table 33
of Appendix 5 of ihe feasibility report attached. The table was

" further revised to demonstrate that the recommended plan is eco-

nomically justified with recreation benefits limited to 50 per-
cent of total benefits. The B/C ratio is 1.6 to 1 with
recreation benefits limited to 50 percent of the total benefits.

Cost-Sharing Revisions. Cost-sharing for the recommended plan

is provided on the attached form as provided in the referenced
EC.






TABLE 30
LOSS OF LAND PREVENTED

Shorefront Distance Erosion Rate Surface Area

Location/Access Ownership (ft.) (ft. per yr.) (sq. ft.)
North County Access private 1155 0.7 809
Jensen Beach Park private 820* 3.0 2460

private 268* 2.0 536
Bob Graham Beach private 745 2.0 1490
private 745 0.8 596
Alex's Beach private 1420 0.8 1136
private 50* 0.8 40
Virginia Forest private 1320 0.6 792
private 347 0.6 208
Tiger Shores private 875% 2.9 2538
private 1025 2.9 2973
Stuart Beach Park private 1320 .7 924
Total 10,090 14,502

*Reduced distance to account for
existing shorefront protective structures.
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TABLE 33

ECONOMIC SUMMARY L/

HUTCHINSON AND JUPITER ISLANDS

HUTCHINSON ISLAND JUPITER ISLAND
(PLAN $-2A) (PLAN §-2B)
AVERAGE ANNUAL BENEFITS
Loss of land $ 58,000 $319,300
Damage to Upland
Development 858,400 84,200
Damage to Existing
Shorefront Protec-
tive Structures 2/ 13,800 92,500
Recreation 3/ 1,144,200 103,400
Total 4/ $2,074,400 $ 599,400
AVERAGE ANNUAL COSTS $1,196,000 5/ $3,349,400
B/C Ratip 1.7 .18

l-/,Using the current Federal interest rate, 8 5/8%, a 50-year project life

and dune—1985 price levels.
"™ Ay 2
gjlnCIudes reduction in maintenance.

é-/Reduced to account for increased maintenance costs ($60,500 annually)
anticipated with implementation of the project.

4/As required by EC 1165-2-149, the B/C ratio for the recommended plan S-2A
s 1.6 with recreation benefits limited to 50 percent of the total benefits.

5/Based upon a 13 May 1988 cost estimate.
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COST SHARING CALCULATION FOR
MARTIN COUNTY SHORE PROTECTION STUDY

Public Shores

Private Shores

Non-Fed Developed Developed Not
(Park) Public No Public Developed
Use (5) Total

Reach 1 2 3 4
Length (ft) (1) 7,055 7,840 1,200 5,025 21,12(
Benefits
Damage
Reduction

Facilities 10,000 {3) 761,400 100,800 0 872,20(

Land Loss 0 32,300 (4) 5,000 20,700 58, 00!
Recreation (2) (1,144,200) 0 0 0 (1,144,201
TOTAL 10,000 793,700 105,800 20,700 930,20
Federal Share:

Reach

1 (7,055' 10,000 ,
21,120} X 10,000 x 50% = ,1670
2 7,840 [/ 761,400 ) ( 32,300
21,120 X [(793,700 x 65%/+\ "793,700 x 65% /| = .2413
3 1,200 |
21,120 x 0=0
4 5,025 |
21,1201 x 0=0

Total Federal: .1670 + .2413 = .4083 or 40.83%

Assumes a relatively linear distribution of costs.

No costs assigned to recreation (benefits incidental, see paragraph 5a).

Land component of developed properties subject to damage.

(1)
(2)
%3) Assumes facilities subject to damage serve recreation use.
4)
(5)

Based upon Dec 84 aerial photos which dre the most recent aerial photos

available.
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e, 38
Jotite

ESTT;T{’;D‘COSTS i #L Bl /ﬁ / J :

RECOMMENDED PLAN (PLAN S$-<2A)
40-YEAR DESIGN
JUNE 1985 PRICE LEVELS

992 000 gl
13 Pty 58 Lpthls” 15 Sopp

£000g

| tom Quanity & Unit Unit Cost Total
Moblllzation & Lump Sum $1,000,000 -+ 8oo 000 ’2309005
Demobilization '
Beach Fil| 942,000 cu. yds. 5.80 per cu. yd. 3,464,000 L9792 690 2/52%/4'60
(includes advance S.3¢
nour | shment) (ﬁ){)éfwf’ bebef) ]
Establish the ECL  Lump Sum 20,000% Z()/ 000
MonItoring Lump sum 12,000 /2 060 /Z/ 0.99}
Relocation of
Turtle Eqgs Lump sum 28,800* z8 600 283800
Lands, Easements Lump sum ) 2 5,00
and Rights~of-way 27.500% Z7 {OO _‘___,_Z__“____,__
SUBTOTA 1 58 30 7 DO \X 3 4{%7ﬂ<
L $6,552, 300 / ‘ B
' ¢3 700
Contingencles 25% 1,638, 100 ’L_%_ZQ,Z_Q_Q ;m
/ (
SUBTOTAL $8, 190,400 X Z}y;//&o
Engineering & Design //OZ 700 w
Supervision & 15% 1,228,.00 M-‘Mj
1 5>¢530 00 - 7

TOTAL FIRST COST $ 9,419,000 =

N
Interest During
Construction 102,000% %ﬁ 8y
TOTAL INVESTMENT $ 9,521,000 93/9 % :/'04«55'8
2
ESTIMATED ANNUAL coST </ /—9%2001
| tom Annual Cost X [ 0455¢
—nua wost falidntid.
(o]
Interest and Amorization ($9,521,000 @ 8 5/8%) $834, 500 74// 000 5172 GZS'
K . 087
Periodic Nour ishment (488,000 cy @ 8=yr interval) 505,800 4 {/00
_Toe 45? /0C
Project Monitoring (included in above) - // ?é//oo
TOTAL $1,340,300 /

1 ;
AV The difference in first costs (versus that shown on page 14, table 3)

Is due to the additional costs for: establishment of the Erosion Controi
Line, relocating turtie eggs, and land costs., Table 3 compares alternatives
on an equal basis without these additional costs, which would Increase the
costs for all alfornaflvos equally,

..2./ Annual operation and maintenance costs for recreation, of $60,500, are
not shown because they were netted out in calculation of recreation beneflts,
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CESAJ-PD-C 8 FEB 1988

MARTIN COUNTY, FLORIDA
SHORE PROTECTION STUDY
BACKGROUND INFORMATION REGARDING THE
SUMMARY OF THE CORPS FEASIBILITY REPQORT
(JANUARY 1988)

The calculation of average annual recreation benefits in the January 1988
Summary included revision of the average variable cost to own and operate an
automobile to reflect the trend for reduced gasoline prices since the feasibility
report was prepared. Data from the U.S. Department of Transportation Federal
Highway Administration pamphlet, "Cost of Owning and Operating Automobiles and
Vans 1984," was utilized in the preparation of ‘the report. Information utilized
to update the subject summary was based on data contained in the American Automo-
bjle Association (AAA) pamphlet, "Your Driving Cost 1986". The Federal Highway
Administration no longer prepares the data and referred this office to the data

from the AAA.

The Federal Highway Administration data for 1984 was escalated based upon
the consumer price index to January 1985 price levels for the feasibility report.
The average cost to own and operate intermediate, compact, and subcompact automo-
biles utilized in the report was 12.3 cents per mile. The average cost decreased
to 11.8 cents per mile based upon the AAA data for 1986, which was the most recent

data available.

The change from 12.3 to 11.8 cents per mile resulted in a 4.06 percent reduc-
tion. This reduction was applied to the recreation benefits of $1,140,600 deter-
mined for the 8 5/8 percent interest rate and resulted in $1,094,300 for the
average annual recreation benefits shown in the January 1988 Summary.






SADPD-P (SAJPD-C/24 Sep 85) 1st End

SUBJECT: Feasibility Report with EIS for Beach Erosion Control,
Martin County, Florida - 13009

DA, South Atlantic Division, Corps of Engineers, 510 Title Building,
30 Pryor Street, S.W., Atlanta, Georgia 30335-6801 26 September 1985

TO: Board of Engineers for Rivers and Harbors, Kingman Building,
Fort Belvoir, VA 22060-5576

I concur in the recommendations of the District Engineer.

(b i

C. E. EDGAR III
Brigadier General, USA
Commanding
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MARTIN COUNTY, FLORIDA

FEASIBILITY REPORT
FOR BEACH EROSION CONTROL

SYLLABUS

This report on beach erosion control in Martin County, Florida, was
prepared in response to a Congressional resolution adopted 18 May 1973 by
the Committee on Public Works of the U.S. Senate,

The primary areas in Martin County that were identified during this
study as experiencing problems included most of the Atlantic shorefront of
Hutchinson and Jupiter Islands. In evaluating the existing conditions and
the continued problem of erosion and wave attack, it was determined that a
shore protection plan could be recommended on Hutchinson Island only.

The recommended plan provides for a protective and recreational beach
along 4 miles of the northernmost shorefront of Hutchinson Island in Martin
County. The plan of improvement for initial beach fill and periodic
nourishment would;restore the primary dune to a 20-foot-wide crest width at
+12.5 feet mean sea level (m.s.1.); provide a 35-foot-wide berm at +8 feet,
m.s.1., with a 1 vertical on 8.5 horizontal foreshore slope to mean low
water, then a 1 vertical on 20 horizontal slope to the existing bottom, In
order to maintain the protective beach, advance nourishment is included in
the initial beach fill, and periodic nourishment would be provided at 8
year intervals to replace anticipated erosion losses. The estimated first
cost of initial construction is estimated at $9,419,000. The annual cost,
including interest and amortization, would be $1,340,300. The annual bene-
fits resulting from prevention of damages, loss of land, and recreation
would be $2,225,000 resulting in a benefit to cost ratio of 1,7 to 1. The
Federal share of the project cost is estimated at $4,380,500 under existing
conditions. :

The study findingé‘indicate lack of economic feasibility for recommen-
dation of a Federal project for Jupiter Island, at this time.



SAJPD-C
DATA PERTINENT TO THE RECOMMENDED PLAN
MARTIN COUNTY BEC STUDY

(HUTCHINSON ISLAND)

Length of Project 4.0 miles
Length of Initial Fill 4.0 miles
Quantity
Beach Fill $454,000 cubic yards

Advance Nourishment (8 yr)
Total Initial Fill

Crest Elevation (Dune’

488,000 cubic yards

942,000 cubic yards

12.5 feet (msl)

Crest Width fDune’ 20.0 feet
Berm Elevation 8.0 feet
Berm Width 35.0 feet

Project Dry Beach Width
Existing Dry Beach Width
Level of Protection Provided

Borrow Area Location

Borrow Area VYolume

Overfill Factor (Nourishment Only)

Construction Method

First Cost (including advanced

111 feet (average)
65 feet (average)

40 year

3,000 feet offshore, 3 miles
N.E. of St. Lucie Inlet

8.0 million cubic yards

1.15

Hopper Dredge with Monobuoy

nourishment) $9,419,000
Interest During Construction 102,000
Total Investment $9,521,000
Annual Cost (8 5/8%)
I&A ~$ 834,500
Periodic Nourishment 505,800
Total Annual Cost $T1, 340,300
Annual Benefits (8 5/8%)
Loss of Land $ 208,600
Damage to Development 858,400
Erosion Control Structures 13,800
Recreation 1,144,200
Total Annual Benefits $2,225,000
Net Benefits $ 884,700
Benefit-to-Cost Ratio 1.7
Cost Apportionment
(Existing Ownership & Use)
First Cost
Federal $4,380,500 (50.3%)
Non-Federal $5,038,500 (49.7%)
Total $9,419,000

May 1986

Note: With parking and access development proposed by Martin County, the
Federal share of project costs could increase slightly.

ii
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SAJPD-C
MARTIN COUNTY, FLORIDA

FEASIBILITY REPORT
FOR _BEACH EROSION CONTROL

THE STUDY
STUDY AUTHORITY

1. This study on beach erosion control in Martin County is being conducted
in response to the following resolution adopted 18 May 1973 by the Committee
on Public Works of the Senate which reads:

RESOLVED, by the committee on public works of the United
States Senate, that, in accordance with Section 110 of the
River and Harbor Act of 1962, the Secretary of the Army is
hereby requested to direct the Chief of Engineers, to make

a survey of the shores of Martin County, Florida, and such
adjacent shores as may be necessary in the interest of beach
erosion control, hurricane protection, and related purposes.

Authority, policy, and guidelines forming a basis for the recommendations
contained in the report are established by the 1974 Water Recources Act, the
National Environmental Policy Act of 1969 and the following laws governing
Federal beach erosion control studies and projects.

Public Law Date

727, 79th Congress 13 Aug 1946
826, 84th Congress 28 Jul 1956
645, 86th Congress 14 Jul 1960
874, 87th Congress 23 Oct 1962
172, 88th Congress 7 Nov 1963

SCOPE OF THE STUDY

2. The study is of survey scope and encompasses the Atlantic shoreline of
Martin County as shown on plates 1 and 3. The study area is about 22 miles
in length and extends south from the north county 1ine to a point about 2
miles north of Jupiter Inlet. The purpose of the study is to survey the
shores of the study area and to determine the need and feasibility of pro-
viding measures for beach erosion control and hurricane protection.

3. The study includes an economic analysis of the problem and a determina-
tion of the extent to which the study area qualifies for Federal assistance
under the terms of Public Law 826, 84th Congress, as amended by Public Law
874, 87th Congress. Consideration is given to a wide range of alternative
plans in addressing the erosion problems and needs of the study area. These
plans include nonstructural plans, which seek to preclude any significant
form of physical development or construction which emphasize management
measures rather than structural ones.



4, Sufficient in-depth investigations were made to determine damages and
the extent of beach erosion and shoreline recession, including damages
caused by storm tides and waves, coastal recreation needs, alternative plans
required to satisfy planning objectives for enhancement of national economic
development and environmental quality, possible impacts of the alternative
plans, and the most practicable plan that maximizes the planning objectives.
In this report, available data, augmented as necessary, were used to deter-
mine the feasibility of several alternatives. The unit cost incorporated in
the evaluations is based on the cost of similar work at other locations and
information received from suppliers of material.

STUDY PARTICIPANTS AND COORDINATION

5. The Corps of Engineers is principally responsible for accomplishing and
coordinating the study, plan formuation, consolidating information from
other agencies, and preparing the report. The Martin County Board of Com
missioners, acting as the duly constituted beach and shore preservation
authority for the county, is the local sponsor of the study. Other agencies
or organizations assisting in the investigations and providing useful infor-
mation include the State of Florida Department of Natural Resources,
Division of Beaches and Shores, the State Division of Outdoor. Recreation,
and the Treasure Coast Regional Planning Council.

6. An initial public workshop was held 4 May 1977 and the initial stage
public meeting was held on 23 May 1977. The second public meeting was held
on 5 December 1979. The third public meeting was held on 8 September 1980.
Involvement of the public and appropriate State and Federal agencies has
been maintained throughout the study.

7. Local organizations have, through private and public contributions, ac-
quired public ocean front lands along the Martin County shoreline of
Hutchinson Island. A detailed description of the local acquisition of
public access is referenced in report titled, "Complete Report Covering All
Achievements to Date of the Martin County (Fla.) Public Beach Fund Campaign
Committee."

STUDIES OF OTHERS

8. Prior reports bearing on the subject of beach erosion or including data
on shore processes in the area under consideration have been made by the
Corps of Engineers, by private engineering firms, and by the Coastal Engi-
neering Laboratory of the University of Florida. Those references written
by other than government agencies are shown in table 1. Summaries and
appropriate details of pertinent reports are presented in appendix 1, sec-

tion A.



TABLE 1
PRIOR REPORTS AND STUDIES BY OTHERS

Name of Report Date Publication

Jupiter Inlet, Fla. 1946 Knappen Engineering Company
Jupiter Island, Fla. 1946 Robert M. Angas, Civil Eng.
Jupiter Island, Fla. 1947 Bec. Ero. Board, Wash., D.C.
Jupiter Island, Fla. 1957 Coastal Eng. Lab., Univ., of Fla.
Jupiter Island, Fla. 1960 Coastal Eng, Lab., Univ. of Fla.
Jupiter Island, Fla. 1962 Coastal Eng. lab., Univ. of Fla.
Jupiter Island, Fla. 1963 Gee and Jenson, Consulting Engrs.
Town of Jupiter Island, Fla. 1966 Gahagan & Bryant Assoc.

Jupiter Island, Fla. 1967 Coastal Eng, Lab., Univ, of Fla.
St. Lucie Inlet 1967 .Coastal Eng. Lab., Univ. of Fla,
Jupiter Island, Fla. 1969 Coastal Eng. Lab., Univ. of Fla.
Jupiter Island, Fla. 1972 Arthur V, Strock & Assoc., Inc.
Martin County, Fla. 1972 Coastal Eng. Lab., Univ. of Fla.
Town of Jupiter Island, Fla., 1973 Arthur V, Strock & Assoc., Inc.
St. Lucie Inlet, Fla. 1974 Arthur V. Strock & Assoc., Inc,
Town of Jupiter Island, Fla. 1974 Arthur V. Strock & Assoc., Inc.
Town of Jupiter Island, Fla. 1975 Arthur V., Strock & Assoc., Inc,
Town of Jupiter Island, Fla., 1977 Gahagan & Bryant Assoc.

Town of Jupiter Island, Fla. 1978 Gahagan & Bryant Assoc.

Jupiter Inlet, Fla. 1979 Geology DNept., Univ, of Kentucky
Martin, Co., Fla. 1979 Federal Insurance Administration
Town of Jupiter Island, Fla. 1981 Arthur V. Strock & Assoc., Inc.
Jupiter Island, Fla. 1982 Arthur V. Strock & Assoc., Inc.
Jupiter Island, Fla. 1982 Arthur V. Strock & Assoc., Inc.

THE REPORT AND STUDY PROCESS

9, For clarity and ease of presentation, the report has been arranged into
a main report, which includes an Environmental Impact Statement (EIS) and a
Section 404 Evaluation Report, and supporting appendices. The main report
is the basic document which describes the study and investigations conducted
and provides the rationale and support for the conclusions and recommen-
dations. The main report is intended to be of sufficient detail to permit
the reader to determine the adequacy of the investigations conducted and the
appropriateness of the conclusions reached, The technical appendices pro-
vide detailed backup data to support summaries found in the main report and
indepth technical data where necessary. A list and description of appen-
dices follows:



. Appendix 1 contains descriptions and data to support the
Introduction and Problem Identification sections of the main report.
Included are data on existing conditions, problems and needs, population and
land use, economic conditions.

. Appendix 2 contains information on the effects assessment of
detailed plans and displays the system of accounts.

. Appendix 3 contains pertinent correspondence relating to this study.
. Appendix 4 contains engineering investigations, design and cost
estimates for the considered detailed plans.

. Appendix 5 contains the economic analysis of the detailed
alternatives.

10, During the initial stage of this investigation, studies focused on
identifying the specific areas of concern and problems being experienced.
Following this, attention was placed on analyzing the problems being
experienced and potential solutions to those problems. This was sub-
sequently followed by detailed analysis and evaluation of those potential
solutions that appeared to offer the best means for reducing the problems.
At various points in this process, meetings were held with the local
interests and general public to discuss the study progress and findings to

date and obtain public input.

11. Prior to being forwarded to Congress, this report will be reviewed by
the Corps' South Atlantic Division Office, the Board of Engineers for Rivers
and Harbors, and the Office of the Chief of Engineers to insure technical
adequacy and conformance to established laws and regulations., The Chief of
Engineers will obtain the views of the Governor of Florida and various
Federal agencies prior to forwarding this report to the Secretary of the
Army. The Secretary will review the report and obtain the views of the
Office of Management and Budget (OMB) prior to forwarding the report to
Congress. Once in Congress, further action by the Corps is dependent upon
project authorization and funding.

PROBLEM IDENTIFICATION

12. This section of the report discusses the problems and needs to which
this study addresses itself., It presents a summary of the natural and human
resources as well as the development and economy of the area. In addition,
a summary of natural forces and their influence on the coastal areas of the
county is presented. Details of the resources and economy, and problems and
needs of the area are contained in appendix I.



TABLE 33

ECONOMIC SUMMARY L/

HUTCHINSON AND JUPITER ISLANDS

HUTCHINSON ISLAND

(PLAN S-2A)

AVERAGE ANNUAL BENEFITS
Loss of land $ 208,600
Damage to Upland

Development 858,400
Damage to Existing

Shorefront Prote§~

tive Structures .f 13,800
Recreation §/ 1,144,200

Total $2,225,000

AVERAGE "ANNUAL COSTS $1,340, 300
B/C Ratio 1.7

l-/Using the current Federal interest rate, 8 5/8%, a

and June 1985 price levels.

g!Inc1udes reduction in maintenance.

3/

—~ Reduced to account for increased maintenance costs
anticipated with implementation of the project.

57

JUPITER ISLAND
(PLAN S-2B)

$798,300
84,200
92,500
103,400

$1,078,400
$3,349,400
.32

50-year project life

($60,500 annually)

(Rev. March 86)






NATIONAL OBJECTIVES

13, Federal policy on multiobjective planning derived from legislative

acts which in major part establish and define the national objectives for
water resource planning and specify the range of management measures that
must be assessed. The conditions and criteria which must be applied when
evaluating these measures in this study are contained in the Water Resources
Council's Economic and Environmental Principles and Guidelines For Water and
Related Land Resources Implementation Studies, published March 10, 1983.

14, The Federal objective of water and related land resources planning is
to contribute to National Economic Development (NED), consistent with pro-
tecting the Nation's environment. Project plans are formulated to alleviate
problems and take advantage of opportunities in ways that contribute to this
objective. Of the array of alternative plans formulated, a plan that maxi-
mizes net national economic development benefits, consistent with the
Federal objective is to be formulated and identified as the NED plan.

EXISTING CONDITIONS

Hutchinson Island

15, Of the 24.5 miles of study shoreline, 7 miles are north of St. Lucie
Inlet. The southerly 1.0 mile of shoreline on Hutchinson Island has been
accreting as a result of the sand impoundment adjacent to the north jetty.
The next 0.6 mile of shoreline to the north is characterized by offshore
coquina rock outcrops fronting a sand beach. The past erosion for this
reach is in part due to its orientation which tends to accelerate the 1it-
toral transport for that reach. This reach of shoreline is not afforded the
protection of the coquina onshore outcrops which prevail to the north and
act as semipermanent shore protection preventing further shoreline
recession. For that reach of shoreline from 1.6 miles to 3.0 miles north of
the inlet, the shoreline is characterized by coquina outcrops. The eleva-
tion to top of rocks varies from +16 feet mean sea level* to mean sea level
along the 1.4 miles of exposed length. Although there may be erosion where
the rock outcrops do not form a continuous line, it is believed that an
equilibrium shoreline exists and no further shoreline recession will take
place in this reach.

16, The reach of shoreline from 3 miles north of the St. Lucie Inlet to the
St. Lucie County line is characterized by a sand beach fronting a continuous
dune 1line ranging in elevation from about 10 to 20 feet*, An average mean
high water (m.h.w.) recession rate for this reach is about 2.0 ft./yr. The
erosion rate is 2.5 cubic yards per foot of shoreline per year for this
reach.

FAT] elevations refer to the NVGD {msl1) datum unless otherwise indicated.



Jupiter Island

17. The beaches of Jupiter Island are composed of fine sand and shell frag-
ments, and in some locations, exposed coquina rock. The sand and shell are
easily moved by wave action and littoral currents. The outcroppings of
coquina found along the beach have a material effect on the shore processes.
In general, the effect is beneficial. The coquina outcroppings offshore
form a semipermanent bar, which, together with the shifting sand bars, acts
to retard the rate of erosion of the offshore area and to reduce the inten-
sity of wave action on the shore. The slow disintegration of the coquina
outcroppings along the shore has also furnished a large volume of shell
fragments to the beach.

18. The shores of Jupiter Island have had a long history of erosion. The
erosion damage to the beach, seawalls, and oceanfront property are acce-
lerated and greatly magnified during storms of tropical and extra-tropical
origin which frequent the area. As a result of several northeast storms the
beach level is lTowered, structures are damaged or destroyed, and valuable
oceanfront property is eroded. Natural buildup of the beach during summer
months generally alleviates the situation to some degree, though complete
recovery seldom occurs. However, erosion during the winter months still
leaves the shore vulnerable to possible severe damage from storms. Signifi-
cant mean high waterline recession has occurred in the past along the
northern 5.5 mile reach of Jupiter Island. Average annual recession de-
creases in the southerly direction to an average of about 3.4 feet along the
major portion of the shorefront.

GEOLOGY

19. The State of Florida occupies only a part of a much larger geographic
unit, the Floridian Plateau. The deep water of the Gulf of Mexico is
separated from the deep water in the Atlantic Ocean by a partially submerged
platform nearly 500 miles long and about 250 to 450 miles wide. This pla-
teau has existed since the Paleozoic era and was above sea level until sub-
merged for the first time during the Upper Cretaceous period. During this
submergence, limestones and calcareous muds were deposited. The topmost of
these units is the Ocala limestone.

20. The next period in the history of the peninsula was one of emergence,
when the strata were slightly arched just after the Eocene epoch. The up-
1ift was slow, the land first appearing as a series of islands, as is evi-
denced by the existence of fossil sand bars in the middle of the present
peninsula., Superficial sand beds overlay the entire peninsula, but denuda-
tion of some of this sand to the present coast has undoubtedly occurred.
With further uplift the islands enlarged and merged until the present penin-
sula resulted.



21, Following the Eocene uplift, the land was again depressed in the Middle
Oligocene epoch to be elevated once more in the Late Oligocene epoch. It
remained above sea level until the middle of the Miocene epoch when sub-
mergence again occurred with the deposition of some 200 feet of sand lime-
stone (Hawthorne beds). Before the close of the Miocene epoch, the region
emerged once more and the central part of Florida has been a land area since
that time. The low-lying east and west Loasts were repeatedly submerged
during Pleistocene time when the Anastasia sands and limestones were laid
down.

22. Either following or concurrent with one of the later periods of emer-
gence, there appears to have been a tilting of the plateau about its longi-
tudinal axis. The west coast was partially submerged, as indicated by the
wide estuaries and offshore channels of its streams, while the east coast
was correspondingly elevated. As a result of that movement, the east coast
manifests the characteristics of an emergent coastline. It is probable that
the barrier strip forming the present Atlantic shoreline was started, at
least in some sections, as an offshore bar, which was elevated above the
water surface by the tilting of the plateau and built up to its present con-
dition by wave and wind action. This hypothesis permits an explanation of
the presence of successive parallel ridges consisting principally of silica
sand.

23. The east coast of Florida from the Georgia Tline to the study area,
about-250 miles, consists of a series of sandy barrier islands separated by
eight inlets. For the most part, the beach is rather straight. The sand is
composed of fine quartz grains and finely divided shell fragments.

24. The Anastasia formation extends along the Atlantic coast of Florida
from Anastasia Island to Boca Raton. This unit consists primarily of a
sandy shell loosely held together by calcareous cement. In some areas the
rock is composed of sandy limestone, calcareous sandstone and unconsolidated
sand and shell. North of Boca Raton, the Anastasia formation forms the
backbone of the Atlantic Ridge and is exposed along the coast of Martin
County.

25. The Martin County shoreline, a barrier bar with a lagoon behind it for
the most part, is typical of young shorelines of emergence. Within the last
few years strong evidence has been produced of a small general rise in sea
Jevel along the coasts of the United States. The indicated rate of rise for
Florida is about .006 foot a year.

Potential Source Material

26. The sediments found offshore of Martin County are generally slightly
silty, medium to fine, slightly graded, shelly sand. The mean grain size is
0.29 mm. The visual estimate of shell content ranges from 1 percent to 95
percent with a mean value of 27 percent. The suitability of this material
for beach fill was evaluated using methods presented and discussed by James
in the Coastal Engineering Research Center (CERC) Technical Memorandum No.



60, "Techniques in Evaluating the Suitability of Borrow Material for Beach
Nourishment." Using the composite grain size distributions for native beach
and borrow area materials, the computed overfill ratio was 1.15.

27. Data concerning the portion of the Federal navigation project for the
Intracoastal Waterway (IWW) located in the vicinity of the study area was
evaluated for a potential source of beach fill material. Since 1957 main-
tenance dredging has provided an average of 6,500 cubic yards of material to
the disposal area located on the northern end of Jupiter Island (along the
western side). Dredging is performed on an average of 5.8 years. This
vicinity of the IWW is not considered to be a high shoaling area. At pre-
sent, an estimated 200,000 cubic yards of fill material would be located at
this disposal site. Due to the location of and distance to this disposal
site and the limited quantity of material available, this alternative source
of material is not considered for initial beach fill, However, this site
will be evaluated as a source for periodic nourishment material to reduce
periodic nourishment costs of beach fill alternatives.

0ffshore Reefs

28. A worm reef survey was conducted along a 7-mile reach of ocean front
from St. Lucie Inlet north to the Martin-St. Lucie County line, With a few
exceptions such as the pilings at Rand's Pier, intertidal reefs provide most
of the substrate available for colonization by Phragmatopoma lapidosa, a
sabellariid worm. In the study area, worm reefs were limited to the area
from the House of Refuge museum south to Rand's Pier in Seminole Shores,
with occurrence increasing to the south, No colonies of Phragmatopoma
lapidosa were found in association with coquina outcrops north of the House
of Refuge to the county line.

29. The geographical range of the sabellariid worm reefs extends from the
United States to Brazil; therefore, it is very probable, that these reefs do
occur, at least in patches, throughout the length of Martin County. The
worm reefs support a variety of marine organisms, Seventy-three species of
algae, 118 species of fishes, and 150 species of invertebrates have been
reported from worm reefs between Cape Canaveral and St. Lucie Inlet,

BIOLOGY

30. Existing vegetation in the general project area includes shrubs and
trees such as sand pine, Australian pine, sea grape, and wax myrtle., Water-
courses, exclusive of the ocean shore, are bordered by cordgrass, glasswort-
salt grass and rush marshes, often in extensive stands, in the interior.
Closer to the ocean and on the dunes, the vegetation is primarily pioneer
and/or salt-tolerant species such as salt grass, sand spur, wild bean, sea-
side spurge, and sea oats.



31, Wildlife in the project area is limited to small mammals such as
raccoon, opossum, rabbit and small rodents, birds, amphibians, and reptiles.
Birds are abundant on the beaches and in estuarine habitats, with shore and
wading birds comprising the bulk of the avifauna, along with some waterfowl
and songbirds. Beaches throughout Martin County are used for nesting by
several species of sea turtles.” To date, the Indian River Study conducted
by the Harbor Branch of the Smithsonian Institute represents the most com-
prehensive undertaking in definition of floral and faunal distributions
throughout the Indian River vicinity. Much of the following discussion is
based on the finding of that report (Indian River Study, Annual Report
1973-1974, Volumes I and II, Harbor Branch Consortium, October 1974),

32. Limited data exist on fisheries along offshore continental shelf areas.
Data taken in an offshore shark fishery based at Salerno in Martin County by
Springer (1963) accounted for 17 species of sharks in the area. A published
report by Anderson and Gehringer (1965) on offshore and inshore fishery in
the Cape Canaveral region listed 134 species, while Bullis and Thompson
(1965) recorded 105 species.

33. Marine habitats of particular concern-along the continental shelf
include surf zone, offshore reefs, benthic-open shelf areas, and neritic

Zone,

34, The surf zone is relatively devoid of macroscopic, attached vegetation
and is characterized by a sand-shell bottom under the influence of con-
tinuous wave action. Lack of cover appears to be the major limiting factor
inhibiting species diversity and populations; however, many benthic inver-
tebrates are common (e.g., Emerita sp. and Donax sp.). O0Of the fishes that
do inhabit the surf zone, the bottom feeding carnivores (catfishes,
croackers, lizardfishes, pompanos, and threadfins) predominate, although
roving carnivores (bluefish, jacks, ladyfish, and mackerels) and plank-
tivores (anchovies, herring, etc.) also occur.

35. A wide variety of fishes and crustaceans inhabit coastal Martin County,
supporting a substantial sport and commercial fishery., Also of interest are
the coquina rock outcrops that occur intermittently along Martin County
beaches. ’

Endangered and Threatened Species

36, Species listed as threatened or endangered by the U.S. Fish and
Wildlife Service which might occur in the project area include the brown
pelican, southern bald eagle, Florida manatee, and Atlantic Ridley, green,
loggerhead, and leatherback sea turtles. Species considered threatened or
endangered by the State of Florida, exclusive of the above, incTude the
osprey, magnificent frigatebird, sparrow hawk, peregrine falcon, short-tail
hawk, least tern, scrub jay, roseate spoonbill, great white heron, Caracara,
grasshopper sparrow, Bachmans warbler, and Kirtlands warbler, No designated
critical habitat exists along the shorefront in the study area.




WATER RESOURCES

37. The hydrologic boundaries of the study area north of St. Lucie Inlet
are the Atlantic Ocean to the east and the Indian River to the west. The
boundary south of the inlet is the Intracoastal Waterway system to the west
and the Atlantic Ocean to the east.

38. The results of a subsurface hydrologic study encompassing the counties
of St. Lucie, Martin, Indian River, and Okeechobee counties indicate that
two main aquifers are found in this region: a shallow nonartesian or
locally artesian aquifer, and a deep artesian aquifer.

39, The shallow aquifer is the principal source of fresh water in Martin
County. It consists of the Anastasia formation and extends to a depth of
about 150 feet below the land surface., It is composed principally of sand
that contains thin lenses of shell, 1imestone, or sandstone.

40. The shallow aquifer receives most of its recharge from rainfall in the
immediate surface area. In general, surface water runoff is small. A small
amount of recharge to the shallow aquifer also comes from downward seepage
of artesian water used for irrigation. ‘ .

41, The major water courses in Martin County are in the coastal areas.
North Fork St. Lucie River is joined by Bessey Creek just upstream of its
confluence with South Fork St. Lucie River at Stuart. St. Lucie River flows
easterly from this confluence to the Atlantic Ocean by way of St. Lucie
InTet. Indian River water movements are tidal and wind-driven,

LAND USE

42. Martin County occupies an area of 582 square miles in southeastern
Florida. The City of Stuart, the county seat and largest city in Martin
County, is approximately 100 miles north of the city of Miami, 40 miles
north of the city of West Palm Beach, and approximately 240 miles south of
the city of Jacksonville. The U.S. Bureau of the Census recorded the 1980
population of Martin County ‘at 64,014,

43. Most of the developed land in the county is in the coastal area. Com-
mercial and residential development is associated with the expansion of
tourism and water-related recreation. Industrial development includes the
manufacture of aerospace components, building materials, and various plastic
products. The inland portions of the county consist primarily of pasture-
land and extensive croplands and citrus groves in areas near primary
drainage outlets. Development along the Atlantic Ocean is both residential
and commercial. Heavy development along the St. Lucie River, South Fork St.
Lucie River, North Fork St. Lucie River, and the Indian River is primarily
residential. Existing land use is summarized in section B of appendix 1.
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CLIMATE

44, The climate of Martin County is subtropical, having an average annual
temperature of 75.2°F. Rainfall is seasonal as 64 percent occurs during the
rainy season from June through October. The average annual rainfall at
Stuart is 56.14 inches. In general, the climate is featured by a long, warm
summer with abundant rainfall followed by a mild, dry winter. Due to the
high frequency of onshore winds and the proximity of the warm waters of the
gulfstream, warm humid conditions occur during most of the year. However,
during the winter months, the area is occasionally subjected to outbreaks

of cold continental air which are in short duration and moderate rapidly.
Consequently, subfreezing temperatures rarely occur in the area.

45, Rainfall is unevenly distributed during the year. The heaviest rain-
fall occurs during the period of June through October, followed by a
distinct dry period from November through March.

46, It has been reported that the average daily temperature ranges from
64.7°F in January to 81.8°F in August. The highest temperature on record is
101°F occurring in June, while the record lowest temperature is 24°F
recorded in January.

TRANSPORTATION

47, At present, there are no public transportation facilities the city or
county maintains for easy public access to the beach, On Hutchinson Island,
parking on State road rights-of-way is prohibited. However, the community
has provided, and is developing, parking areas for all public access strips
to the beach. The area is served by the Florida East Coast Railway, the
Intracoastal Waterway, Interstate Route 95, the Sunshine State Parkway, U.S.
Highway 1, State Highway AlA, and numerous paved and improved connecting
roads. Two causeways, one from Jensen Beach and another from Stuart connect
with Al1A that parallels the shoreline on Hutchinson Island. There are no
bridges connecting Hutchinson and Jupiter Islands at the time of this study.
Access to Jupiter Island beaches is by way of U.S. 1, Bridge Road, and State
Highway AlA.

HUMAN RESOURCES

48, Martin County was formed in 1925 from parts of Palm Beach and St. Lucie
Counties. The county was named in honor of the late Governor John W. Martin,
Martin County's development was that of a typical agricultural and fishing
community. However, rapid residential development has occurred in the six-
ties, seventies, and eighties. The three principal employers in the county
include Grumman Aerospace Corporation, Martin Memorial Hospital, and Martin
County High School.
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49, The average density of residents has increased from 30 to 50 residents
per square mile between 1970 and 1978, A more detailed analysis of the
population is presented in section B, appendix 1.

50, There are four incorporated municipalities within the study area in
Martin County. These municipalities are Stuart, Ocean Breeze Park, Seawall
Point, and Jupiter Island. Planning areas including the study area include
Hutchinson Island, Greater Port Salerno, and South County.

51. In the Hutchinson Island Planning Area, residential, public, quasi-
public, and one commercial structure are the only developed uses on Hutchin-
son Island. Eighty percent of Hutchinson Island was vacant land in 1976.
However, there has been significant growth in the number of condominiums
since this period. Over 80 percent of Hutchinson Island is planned for
residential development in the future with 40 percent of the residential
usage planned for estates and, 30 percent and 26 percent is planned for high
and low density residential, respectively.

52. The Jupiter Island coastline is predominantly single family structures.
On Jupiter Island, future construction will be single family residential
exclusively. Approximately 52 new single family residences have been built
on Jupiter since 1976. Approximately 20 percent of these homes are on the
beach. Taking into account the size of useable lots behind the setback
line, approximately 20 more homes can be built on ocean front property in
the future. Local sources estimate that 200 new homes may be built on the
island in the next 20 years.

53. The St. Lucie Skyways Public Airport is located in Martin County,
Passenger service is provided by State and interstate buslines in Stuart.
Martin County has nine major water supply systems, eight of which are in the
general proximity of the coast. All systems produce a minimum of 100
gallons per capita per day. Also, there are five major sewage treatment
facilities in the county. These systems have a minimum 200,000 gallons per
day design flow., Southern Bell Telephone and Telegraph Company and Western
Union Telegraph serve Martin County.

DEVELOPMENT AND ECONOMICS

54, The total employed labor force of Martin County was 17,799 in 1976, In
the planning region, Martin County has the greatest share of employment in
farming., Its 11 percent clearly exceeds the region's 7 percent which also
surpasses State and national averages of 2 and 1 percent, respectively.
However, employment distribution has changed significantly from 1969 to
1976. In-migration of retirees and substantial service employment increases
have resulted in a decline of 11 percent in agricultural employment.
Employment in construction has increased notably.
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55. Total personal income in Martin County in 1975 was $260.7 million
representing a 101.5 percent increase over the 1971 value. Per capita per-
sonal income rose 34.7 percent in the same period from $4,258 to $5,735.
Wages and salaries accounted for 41.6 percent of total personal income in

1975,

56. Tax collections by Martin County within the county totaled $12,853,000
in the fiscal year 1976-1977, Of this total, 63.1 percent was provided by
sales and use taxes, 17.0 percent by gasoline taxes, 11.9 percent by motor
vehicle licenses, and 8.0 percent by documentary stamp tax and surtax.

Also, State distributions include $1,922,000 from taxes, $3,191,000 from the
Florida Education Finance Program to school districts, and $976,000
assistance to disabled persons and dependent children.

57. In Stuart, total revenue collected by the municipality totaled
$2,173,000 or a per capita amount of $255. Total expenditures by the munic-
ipality and per capita amounts totaled $2,013,000 and $236, respectively.

58. The town of Jupiter Island is quite unique for its size. Per capita
revenues and expenditures in fiscal year 1977 totaled $2,618 and $3,343,
respectively. Most services on the island are provided from within the town
without need from outside financial sources. The community spent more for
maintaining and improving the physical environment of the island ($788,000
in FY 1977) than was spent by any other municipality in the region during
the period. A comparative statement of revenues and expenditures for the
study area is contained in section B of appendix 1.

PARKS AND RECREATION

59, The county is in the process of completing 10 public access strips to
the beach on Hutchinson Island. This is in addition to the two public
beaches, Stuart and Jensen. Parking, when completed, will be allowed in the
strips and in some cases west of McArthur Boulevard. No bus or shuttle ser-
vice is currently provided or planned in the future for the purpose of
transporting people to the beach. Plans are being formulated to develope the
St. Lucie Inlet State park on the north side of Jupiter Island adjacent to
the inlet. Access would be provided by ferry and parking would be provided
on the mainland. South of the proposed park is the Hobe Sound National
Wildlife Refuge. Currently, Hobe Sound County Beach, 1ocated along 200 feet
of shorefront adjacent to State Road AlA is the only county supported beach
on Jupiter Island. The township currently allows access at Ocean Avenue,
Ocean Ridge and at Hobe; however, parking and access is privately owned and
not expected to be provided in the future, Blowing Rock Preserve is located
on the south side of the island approximately six-tenths of a mile north of
the Palm Beach county line. This area is not used for beach activities. No
parking is allowed on the right-of-way on Jupiter Island. A more detailed
discussion of parks and recreation within the study area is presented in
section B of appendix 1.
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Archeological and Historical Sites

60. The National Register of Historic Places lists one site, the House of
Refuge at Gilbert's Bar on Hutchinson Island. This is the only one of 10
houses of refuge erected by the U.S. Life Saving Service in 1876 that still
exists. Coordination with interested agencies such as the State Division of
Archives, History, and Records Management and the Interagency Archeological
Services Division, Department of the Interior has indicated that no detri-
mental effects are anticipated with implementation of the proposed plan.

The House of Refuge is situated in back of a rock outcropping which acts as
a semipermanent barrier for natural shore protection.

Air and Acoustical Quality

61. There is no documented air quality monitoring available for the project
area, Relatively speaking, however, the air within the immediate study area
is pollution-free. Slight amounts of air pollution originate from construc-
tion operations in the immediate vicinity and from automobile traffic during
peak tourist seasons, However, due to the coastal wind regime, pollutants

disperse rapidly.

PROBLEMS, NEEDS AND OPPORTUNITIES

NATURAL FORCES

62. Whether a shoreline erodes, accretes, or remains stable, depends upon
various interrelated phenomena. Driving forces such as winds, waves, and
currents combine to provide the energy that shapes the coastline in the

study area. ’

Rising Sea Level

63. An important factor on the erosion situation of the Florida east coast
is the average sea level, Available data do not yet permit a definitive
conclusion on whether the sea is rising or the land is lowering. Indica-
tions are that the sea lgvel along the Atlantic coast, in general, has been
rising at a rate of .006 foot per year., Changes in sea level have great
ramifications in flat coastal regions. An increase in the level of the
ocean along the flat beaches of the Florida east coast, though very small
vertically, would move the shoreline landward a noticeable distance due to
the flat beach slope.

64. Coastal field data regarding such variables as winds, waves, currents,
storms, and shore zone processes within the study area are limited.
However, by interpolation of data obtained from such data collection points

1

Dr. Brunn, W.H.M. (1962), Sea-Level Rise as a Cause of Shore Erosion:
Engineering Progress at the University of Florida, Leaflet No. 152,
Gainesville, Florida.
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at nearby locations on the Florida east coast and disaggregation of
generalized data available in general for Florida's east coast, reasonable
estimates are obtained of the magnitude of these variables within the study

area,
Winds

65. A study of recorded and possible wind velocities, duration, and direc-
tion is necessary to determine their effect on characteristics of waves
likely to be experienced in the study area. Wind-generated waves are a
cause of loss of material from the beaches. In addition, the design height
of shore protection structures is dictated to a great degree by the height
and force of the waves likely to be experienced during storms which raise
the still water surface elevation and transmit larger waves further landward
than would occur under normal conditions,

66. The wind directional statistics are developed from data based on obser-
vations made by ships in passage. It should be stated that such ships tend
to avoid bad weather when possible, thus biasing the data toward good weather
samples. Also, the observations themselves are generally estimates based on
the appearance of the waves, the drifting of smoke, or the flapping of

flags, although some are anemometer measurements. In any event, the sta-
tistics are more representative of winds that can directly or indirectly
affect the shoreline than shore-based inland observation facilities. The
following table gives the percent of time and direction from which winds

blow as indicated by shipboard meteorological records.

YEARLY AVERAGE WINDS

Direction Percent of Time
North 10.6
Northeast 15.3
East 22.9
Southeast 14,2
South 12.6
Southwest 7.6
West 6.4
Northwest 8.1
97.7 1/

1/2.3 percent of the time it is calm.

Waves

67. The most familiar ocean waves are wind-generated waves. They are
formed by the transfer of energy from winds blowing over the water surface.
They can vary in size from ripples to as large as 10 feet or more in height.
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Their size and frequency of occurrence are important factors in shaping the
shoreline on Florida's sandy coasts. Storm waves generated by the wind are
the primary cause of losses of sand from the beaches, and the shoreline

damage in the study area.

68. The wind waves that occur in the study area vicinity consists of "sea"
and "swell." Seas are waves generated by local winds and are observed as
traveling with the wind. Swells are waves generated from distant storms
that enter the study area independent of the local wind conditions. In
addition to the Wave Information Study (WIS) conducted by the U.S. Army
Engineer Waterways Experiment Station (WES), available wave data sources
include records from two pier-mounted wave gages that have been operated by
the U.S. Army Coastal Engineering Research Center (CERC) at Daytona Beach to
the north and one at Palm Beach to the south of the study area. The data
recorded at each gage include a summary by month of the significant wave
heights and periods (but not the directions), significant wave height
distributions, and printed or plotted wave energy spectra. Linear inter-
polation of these results--derived from the two gages--provides a first
approximation of typical wave conditions that exist in the study area.

69. Another source of wave data is the University of Florida's Coastal Data
Network of wave gages. The gages closest to the study area are located at

Vero Beach and Palm Beach., Monthly reports present significant wave heights
and periods (but not directions), significant wave height distributions, and

printed wave energy spectra.

70. Records of offshore wave and swell from shipboard observations are com-
piled by the U.S. Naval Weather Service Command. These data are available
in the "Summary of Synoptic Meteorological Observations," Volume 4, here-
after referred to as SSMO. Data given in the SSMO is used to estimate the
wave climate near the study area using the following accepted assumptions:

*swells are traveling in the same direction as sea waves, which in
turn corresponds to wind direction;

‘waves are propagated in one direction only, the observed direction, in
any specific time interval;

‘sea and swell waves of the same period can be treated alike, and will
not lose energy to the atmosphere between the point of observation and the

study area;
*no other wave heights or periods are present during the observation;

*all observations were made in water deeper than 2.56 times the square
of the wave period for the wave periods recorded (i.e., "deep water" or

shore waves).

71. The annual average deepwater significant wave height diagram shown in
the following figure is derived from the SSMO data for an ocean area near
the study area having an approximate boundaries of 80° W. Tatitude to the
coast and 26° N. to 30° N. lTongitude. As with the wind data, it should
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be stated that ships tend to avoid bad weather when possible. This being the
case, the data are biased toward good weather and lower wave height observa-
tions. The diagram indicates that in deep water the majority of medium waves
approach from the north through eastern quadrants and most of the largest
waves from the northeastern quadrant,

72. By correlating the SSMO data with the wave gages operated by CERC it
can be found that the average annual wave periods from the northeast, east,
and southeast that strike the shoreline of the study area are approximately
7.3, 6.6, and 6.2 seconds, respectively. Also, the average annual wave
height to be expected just seaward of the surf zone is about 2.1 feet.

73. Water waves as they approach the shoreline are affected by the ocean's
bottom. For example, in Palm Beach where deep water is relatively close to
the shoreline, the average annual significant wave height just seaward of
the surf zone is about 2,3 feet, with approximately 1 percent of those ob-
served above 7 feet. At Daytona Beach, where the continental shelf slopes
more gradually and more significantly affects the incoming waves, the
average annual wave height is about 1,8 feet with 1 percent or more observed
above about 4.8 feet,

Tides

74, Tides near the study area are termed "semidiurnal" and are predictable.
The mean range of tides in the Atlantic Ocean at Jupiter Island is 2.6 feet;
the spring range is 3.0 feet.

75. Storms and hurricane winds blowing from the sea can create abnormally
high tides in the coastal area. Tropical storms in this vicinity occa-
sionally increase the tide range to about 7 feet., The lowest tide to be
expected is 2 feet below mean low water. ,

76. Wind set-up is a local phenomena and occurs most dramatically in
shallow water. Wind set-up has significantly more effect on seasonal and
long~term erosion than astronomical tides. During severe onshore winds,
wind set-up of 3 to 4 feet is not uncommon. As developed by NOAA, the storm
surge levels with a frequency of occurrence of once in 10 years, 50 years,
and 100 years would be 3.7, 5.2, and 6.1 feet above m.s.l., respectively.

77. The most significant ocean current that exists off the east coast of
Florida is known as the Florida Gulf Stream., With the exception of inter-
mittent local reversals, its flow is northward. The average annual current
is approximately 28 miles per day varying from an average monthly low of
about 17 miles per day in November to an average monthly high of approxi-
mately 37 miles per day in July, Tidal currents in the ocean, with the
exception of the waters under the influence of St. Lucie and Jupiter Inlet,
are believed to be very weak.
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Hurricane and Northeast Storms

78. The study area is in a zone subjected to tropical storms of hurricane
intensity. The study area is also subjected to relatively frequent coastal
storms from the northeast (extra-tropical). Specific hurricanes and north-
east storms that affected the beaches of Martin County are listed below,
Northeast storm history will be updated when the data become available.

79. The study area has experienced, within a 150-mile radius, 52 storms of
hurricane intensity between 1830 and 1965, inclusive, or an average of one
hurricane every 2.6 years. However, only 15 hurricanes passed within a 50-
mile radius in that period, or an average of one hurricane in nine years.
The effect of hurricanes on the beaches of Martin and North Palm Beach
Counties has not been as severe as that of many northeast storms. The short
duration of hurricane-force winds and waves in the area has usually limited
the severity of erosion damage. The paths of hurricanes affecting the study
area from 1830 to 1979 is indicated on plate 1.

HURR ICANES NORTHEAST STORMS
August 23, 1885 November 1956

October 10-13, 1904 December 1957
July-August 1926 March 1962

September 6-22, 1926 November-December 1962
September 6-22, 1928 December 1963

August 31-September 7, 1933 January 1964

August 24-29, 1944

August 23-31, 1949

October 15-19, 1950

October 16-30, 1963

August 17-29, 1964 ,
October 7-14, 1964

August 27-September 10, 1965

September 4, 1979

Flood Insurance Study

80. A Flood Plain Information report was prepared for the Board of County
Commissioners of Martin County in 1973 by the Corps of Engineers. That
report was prepared to provide knowledge of flood potential and flood
hazards in regard to developing a basis for land use planning and management
decisions affecting flood plain utilization.

81. The Federal Insurance Administration (FIA) has conducted a study to
provide information on the flood elevations that can be expected along the

Martin County shoreline.
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THE STORM PROBLEM

82. The problem along the study area is one of erosion and lowering of the
beach profile and recession of the shoreline and dunes. Hurricanes and
severe northeast storms have caused considerable erosion and damage. Along
parts of the shore within the study area erosion of the beach and dune has
placed seawalls, buildings, and other structures in a position vulnerable to

severe damage during storms.

83. Hurricanes and severe northeast storms have caused considerable erosion
and damage at Jensen Beach. Many of the major storms of record occurred prior
to full development of the area. However, the storms of October 1963 and
August 1965 (hurricanes), and December 1963 and January 1964 (northeasters)
damaged or destroyed seawalls, retaining walls, and upland buildings and
facilities, and eroded the recreational beach completely, lowering the pro-
file as much as 6 feet, The beach and recreational areas were partially re-
plenished by the use of bulldozers, draglines, and trucks in distributing
sand gained during favorable weather. During Hurricane Betsy in September
1965, storm tides, waves, and currents completely eroded the public recrea-
tional beach area and lTowered the profile 7 feet in front of the seawall
that was constructed between 1957 and 1968 at Jensen Beach Park. The
southern end of the 254-foot-long concrete sheet pile seawall at Jensen
Beach Park was flanked and the washout extended about 40 feet upland. The
seawall was destroyed by the Thanksgiving Day storm in November 1984, Both
storm wave action and the average annual erosion rate of the mean high water
shoreline have significantly receeded the shoreline from the historical
shoreline documented by 1882 surveys (see plate 2).

84. The county beach in the city of Stuart, as is the case of Jensen Beach,
has been repeatedly eroded during storms of record and was completely eroded
as a result of Hurricane Betsy in September 1965, The Thanksgiving Day
Storm of 1984 eroded approximately 25 feet of primary dune width based upon
site inspections in January 1984 and March 1985 by district personnel,
Development at the county parks consisting of wooden cross walks and life
guard towers on pilings are currently susceptible to damage as a result of

that storm.

85. Along parts of Jupiter Island shore, erosion of the beach and dune
places seawalls, buildings, and other structures in a position vulnerable to
severe damage, especially during storms. The shores of Jupiter Island have
had a long history of erosion. The erosion and damage to the beach, sea-
walls and oceanfront property are accelerated and greatly magnified during
storms of tropical and extra-tropical origin which frequent the area. As a
result of several northeast storms the beach level is lowered, structures
are damaged or destroyed, and valuable oceanfront property is eroded.
Natural buildup of the beach during summer months generally alleviates the
situation to some degree, though complete recovery seldom occurs. However,
erosion during the winter months still leaves the shore vulnerable to pos-
sible severe damage from storms.
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THE BEACH EROSION PROBLEM

Hutchinson Island

86, A previously authorized beach erosion control study for Martin County,
completed in 1968, recognized the need for erosion control measures for
three separate areas. However, due to predominately private ownership of
most of the shore, Federal assistance could not be recommended in improve-
ments needed. Local organizations have subsequently, through private and
county contributions, acquired public ocean front lands and the State has
enacted laws to provide public beach in front of private property that would
result in increased Federal participation in any future plans developed.

87. The previous study determined that remedial measures needed would
involve placement of fill to form a protective and recreational beach for
shoreline of Jensen Public Beach and Stuart Public Beach and Jupiter Island.
The present beach erosion trend for the mean high water shoreline at Jensen
Beach county park is about 1 foot of recession per year., At Stuart public
beach, the recent average mean high water shoreline erosion trend is about 2
feet of recession per year. The past recession of the shoreline has left
these beaches susceptible to further storm damage and without sufficient
capacity to meet recreational needs. Without erosion control measures, con-
tinued recession will further diminish natural protection afforded by the
backshore of the beach and the primary dune to upland property. At Jensen
Beach Park the upland property includes a concrete block house used for
storage of life saving equipment, a wooden life guard tower with wooden
cross walks on piling, pedestrian cross walks, restrooms, and parking areas.
Considerable structural upland development at Stuart Public Beach has
included dune cross-overs, covered shelters, concrete pathways, landscaping,
restrooms and parking areas. An evaluation of erosion damage prevention
benefits attributed to proposed erosion control measures is contained in the
economics section of this report.

88. At Jensen and Stuart Public Beach Parks and between, a significant
erosion trend occurs. Along the ocean frontage at Tiger Shores access point
and private property located 150 feet north of the northern Timit of the
Stuart Public Beach Park (DNR Profile R-20) the mean high water shoreline
erosion rate is about 3 feet per year and only 7 feet of primary dune width
remains. Another significant problem area is located along the ocean fron-
tage of private property 1,900 feet south of the southern limit of Stuart
Public Beach Park. Recession of the shoreline there (DNR Profile R25 and
R26) is currently 4.3 feet per year and only 5 to 15 feet of primary dune
width presently exists., Locations of profile lines are indicated on plate 3.

St. Lucie Inlet

89, St. Lucie Inlet was created by an artificial cut into the barrier 30
feet wide and 5 feet deep by local interests in 1892, By 1898 the inlet
widened to 1,700 feet and by 1922 to 2,600 feet. Between 1926 and 1929 the
St. Lucie Intet District and Port Authority constructed a stone jetty 3,325
feet lTong on the north side of the inlet.
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0. Before construction of the north jetty, St. Lucie Inlet was typical of
all unprotected inlets across a sandy beach with an alongshore movement of
drift material. The inlet acted as a barrier in itself by trapping littoral-
drift material in a middle-ground shoal and in a bar across the mouth of the
inlet, Littoral drift across the inlet was irregular. The inlet and adja-
cent shores both to the north and south were unstable. Historic surveys
show that between 1882 and 1928 the shoreline for about 1.5 miles north of
the inlet receded considerably.

91. When the north jetty was constructed at St. Lucie Inlet, the north side
of the inlet was stabilized and accretion on the north side of the jetty
took place, moving the shoreline back seaward to a position in 1946 that
approximately conincided with the 1882 position. However, the jetty
affected the inlet as a littoral barrier and the shore to the south con-
tinued to recede. Shoreline recession south of the inlet has continued
since 1882. Between 1882 and 1946 the shoreline recession was at a maximum
of about 2,500 feet at the inlet and gradually decreased southward. Between
1946 and 1964 shoreline recession south of the inlet continued, with the
most severe being immediately south of the inlet along the access frontage
of St. Lucie Inlet State Park and Hobe Sound National Wildlife Refuge.

92. Erosion and shoreline recession in the study area have been occurring
since at least 1882 (before the inlet opening and jetty construction).

Since the dominant littoral drift in the area is from north to south, it
would be most unusual were the inlet and jetty not a contributing factor to
erosion south of the inlet. Data are insufficient to make a quantitative
determination of the extent of that contribution. However, even full bypass
of the littoral drift across St. Lucie Inlet, though beneficial, would not
eliminate the erosion problems at Jupiter Island.

Jupiter Island )

93, The beaches of Jupiter Island are composed of fine sand and shell frag-
ments, and in some locations, exposed coquina rock. The sand and shell are
easily moved by wave action and Tittoral currents. The outcroppings of co-
quina found along the beach have a material effect on the shore processes.
In general, the effect is beneficial. The coquina outcroppings offshore
form a semipermanent bar, which, together with the shifting sand bars, acts
to retard the rate of erosion of the offshore area and to reduce the inten-
sity of wave action on the shore., The slow disintegration of the coquina
outcroppings along the shore has also furnished a large volume of shell

fragments to the beach.

94, The direction of littoral drift is reversed during the summer months
when normally gentle southeasterly winds create waves which cause movement
from south to north. The drift reversal is more than offset by the large
and rapid movement of beach material from north to south during the fall and
winter months when the more violent action of waves from the northeast
prevails. The behavior of the shore of Jupiter Island is influenced by two
inlets, St. Lucie and Jupiter. The inlets are protected by jetties of
varying length and effectiveness. The inlets constitute partial littoral

barriers.
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95. Analysis of the littoral movement along the southeast coast of Florida,
to the extent that available data permit indicates that in the shore segment
near Jupiter and Palm Beach Islands, the southerly drift is appreciable.
Analysis also shows that although erosion of the foreshore prevails in much
of the area, there is no significant accumulation of the eroded material in
quantities comparable to the eroded quantities at any of the littoral bar-
riers along this sector of the coast., The average annual beach erosion
losses (described in appendix A on the Beach Erosion Problem) of 6.8 cubic
yards per foot of shorefront per year for the 16.5 mile length of Jupiter
Island indicates that the anticipated annual erosion losses for this reach
total 592,400 cubic yards. Since this annual loss (592,400 cubic yards) is
greater than the estimated southerly net littoral drift (230,000 cubic yards
per year), the data suggest that erosion of the shore south of St. Lucie
Inlet would be inevitable even if the natural drift rate were restored south
of St. Lucie Inlet. Sand bypassing across St. Lucie Inlet, even if all the
littoral drift were bypassed, would be helpful but would not solve the
problem, Based upon previous records, an estimated quantity of about 70,000
cubic yards is deposited in the channel at St. Lucie Inlet each year.

96. An important aspect of littoral movement in the area is the degree of
exposure of the coast to high- and low-steepness waves. The Little Bahama
and Great Bahama Banks are located about 60 miles to the east of the Florida
coast and virtually prevent attack of the shore by long-period or swell-type
waves from the east. The shoreline for some distance north of Lake Worth
Inlet is oriented so it is exposed for about an 80- to 90-degree sector to
the northeast between the mainland and the Bahama Banks. This means that
the shore is subjected to some low-steepness waves (long-period swells)
which would transport back to the beach zone material which has been eroded
from the beach and carried to the offshore zones by high-steepness waves

(storm-type waves).

E]

97. Many structures have been built along the shoreline of the area in an
effort to stabilize the shore and no doubt those structures have diverted
Tittoral drift to deeper waters and reduced the net southerly rate of drift.
Wind transport of beach material to the backshore and possibly shell ground
to powder or dissolved in sea water could account for some losses but
undoubtedly these would only be a small fraction of the net residual loss.
This provides strong evidence that material is being transported to the
offshore zone where, for all practicable purposes, it is lost from the
nearshore system of onshore-offshore transport.

Jupiter Inlet

98. Jupiter Inlet is in northern Palm Beach County about 16.5 miles south of
St. Lucie Inlet and within the limits of the study area. The inlet is a
natural waterway connecting the Atlantic Ocean with Loxahatchee River., Ac-
cording to historical accounts, Jupiter Inlet, when open, has been used for
navigation for about 300 years. In the past, severe storms closed the

inlet. The most recent closure was from 1942 through 1947, Since 1947 the
inlet has been dredged periodically by the Jupiter Inlet District, a local
taxing district. Often a fan-shaped bar 1ies across the ocean entrance.
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Mean range of tide inside the inlet averages about 1.3 feet. Mean tidal
range in the ocean at Jupiter Inlet is 2.6 feet., Littoral drift in the
vicinity of Jupiter Inlet is predominantly southerly; net southward movement
is estimated to be about 230,000 cubic yards annually.

Improvements

99, Between 1896 and 1909, under special emergency authority, the Federal
Government reopened Jupiter Inlet three times. Local interests also re-
opened the inlet several times between 1896 and 1922, The Jupiter Inlet
District, created in 1921 by special act of the Florida Legislature, spent
in excess of $400,000 improving and maintaining the inlet between 1922 and
1960. In 1922 the Inlet District built parallel jetties about 350 feet
apart. Subsequently, the jetties were extended and strengthened. In 1940,
the Inlet District built an angular groin at the seaward end of the south
jetty. The intended purpose was to increase current velocities and induce
scouring between the jetties where closure of the inlet had recurred. How-
ever, the inlet again closed in 1942 and remained closed until 1947. Since
the inlet district reopened the inlet in 1947, biannual maintenance dredging
has kept the inlet open for small-craft navigation.

Conditions if No Federal Action is Taken

100. The "no action"alternative perceives a continuation of the existing
conditions and provides no solution to existing problems. This alternative
avoids any undesirable effect that may be associated with structural and
non-structural plans for beach erosion control. This option, although not
favored by local interests, is maintained throughout the study process to
provide a basis of comparison of effects of other alternatives.

THE NEED FOR BEACH ,

101, Martin County is experiencing a sustained growth rate and development
trend because of a favorable location and subtropical climate. Correspond
ing with progressive development, the recreational need for sufficient beach
area is increasing. Long-term storm damage to the area beaches has resulted
in reduced beach widths, thereby diminishing the shoreline's natural protec-
tion, leaving the backshore and primary dune susceptible to accelerated
erosion during future storms. Loss of the 254-foot-long concrete seawall at
Jensen Beach public park during the Thanksgiving Day Storm of 1985 is a
prominent example of the damages experienced along the study area. Even
though the ongoing erosion of the backshore adds to the active foreshore
slope of the beach, the mean high water shoreline exhibits a recession
trend. In summary, the area beaches are in state of reduced capacity for
the purpose of providing protection for upland development and to meet the
long-term recreational needs of the study area.

PRIOR CORRECTIVE ACTION

102. Along the Atlantic shores of Jensen Beach county park a 254-foot long
concrete seawall was built from 1965-1968, Previous erosion control mea-
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sures at Stuart county park have been Timited to the use of road equipment
in 1978 to readjust the beach profile. The result of this action was that
the mean high water shoreline areas temporarily moved seaward to provide
protection to the primary dune and surface area for visitors.

103. The only other prior shore protection measures along Hutchinson Island
consists of 300 feet of rubble revetment at Little Ocean Club and 750 feet
of dura-bag (three bag sill revetment containerized sand) at Sun Tide
Condominiums and Tiger Shores public access from 2,625 to 3,250 feet north
of Stuart county park. On the north side of St. Lucie Inlet the stone jetty
is about 3,325 feet Tong. Rand's pier is located on Hutchinson Island just
north of St. Lucie Inlet and is currently in disrepair and not being used.

104. Previous erosion control endeavors employed along the Jupiter Island
shorefront consisted of about 16,000 linear feet of seawall, 7,000 linear
feet of which are precast concrete-block sloping revetment and the remainder
are vertical steel-sheet-pile walls. About half of the vertical seawalls
have abutting groins of various designs and lengths. There are two rock
jetties about 350 feet apart at Jupiter Inlet. The north jetty is 600 feet
long and the south about 475 feet long. In 1956 a 300-foot concrete-capped
steel-sheet-pile jetty was constructed parallel to and about 100 feet north
of the original north jetty.

105. Corrective action by the residents and town of Jupiter Island, rela-
tive to protection of property and development from the ocean forces, has
been extensive. Seawalls, sloping revetments, groins, and artificial
nourishment have been provided by local interests. Vertical seawalls,
generally along an established bulkhead line and constructed in stages as
recommended by the 1947 Beach Erosion Board report, were built along much of
the developed part of Jupiter Island. The walls were mostly of steel-sheet-
pile construction with concrete caps at elevation 16 feet, mean low water.
Groin construction, which was deferred as long as adequate beach remained in
front of the seawalls began in the early 1950's. Since that time, local
interests have constructed numerous groins of varying types, lengths, and
design,

106. In 1956, the town of Jupiter Island began a beach nourishment program.
Beach fill material was dredged from inland sources, generally from Hobe
Sound and the Intracoastal Waterway. From 1956 to 1963, a total of about
700,000 cubic yards of material was deposited on the beach. Beach nourish-
ments that have been accomplished at Jupiter Island are indicated on plate
C-1, appendix 1.

107. Until 1960, most damaged or destroyed vertical seawalls were replaced
by ones of similar type. In the summer of 1960, the first precast concrete-
block revetment was constructed on Jupiter Island. Since that time, that
type of revetment has been installed over considerable lengths of the
Jupiter Island shore,

108. In 1963, an erosion-prevention plan for Jupiter Island was developed by
a private engineering concern. The plan provided for beach nourishment,
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protection and strengthening of existing seawalls, and annual periodic
nourishment as needed thereafter. Beach nourishment has been accomplished
by use of a Sauerman scraper rig hauling sand to the beach from offshore.
The system consists of a barge anchored 500 to 800 feet offshore and a
bucket picks up material from a predetermined shoal and carries it to shore.
The sand-scraper operation at Jupiter Island was evaluated by a cooperative
program between the Corps of Engineers and the University of Florida. Al-
though the equipment did move sand from up to 700 feet offshore, monitoring
studies of the operation by the University of Florida Coastal and Oceano-
graphic Laboratory showed that the scraping system should be designed to
work further offshore. The study also showed that the scraper should not
return to the same sites as the material refilling the borrow pits is un-
suitable for beach nourishment. This latter restraint would Timit the life
of this type operations as undisturbed areas suitable for beach fill were
exhausted. In the past, the beach fills provided by the town of Jupiter
Island residents are: 254,000 cubic yards in 1957, 366,000 cubic yards in
1961; 363,000 cubic yards between 1964-1968; 280,000 cubic yards between
1970-1972; 2,376,000 cubic yards in 1973-1974; 1,327,000 cubic yards in
1977-1978, and 1,000,000 cubic yards in 1983. Future plans for beach
nourishment include placement of periodic nourishment as needed.

STATUS OF PLANS AND IMPROVEMENTS

109. Along the shores under study, there is one Federal project authorized.
This is the Federal navigation project construction at St. Lucie Inlet. The
authorized project at St. Lucie Inlet consists of a modified jetty-weir plan
that includes, extension of the north jetty by 650 feet, an impoundment
basin, a detached breakwater 400 feet long, construction of a, south jetty
1,200 feet Tong past the existing shoreline, and a channel. Initial beach
fi11 of about 451,000 cubic yards was provided along publicly owned
shorefront beginning 1,500 feet south of St. Lucie Inlet for a distance of
up to 3.5 miles from the authorized Federal navigation improvements at

St. Lucie Inlet constructed in September 1982. Maintenance of the
authorized Federal navigation channel at St. Lucie Inlet in 1984 and 1985
provided an estimated 377,300 cubic yards of beach fill to the shorefront
beginning 3,500 feet south of the south jetty. It is anticipated that main-
tenance dredging disposal will provide an estimated 190,000 cubic yards of
beach fill material to this reach of shorefront on an average annual basis.

110, In 1970, Florida passed a law requiring that along sand beaches facing
the open waters of the Atlantic Ocean or Gulf of Mexico, any construction or
excavation must be at least 50 feet upland of the line of mean high water.
This was found inadequate and difficult to enforce. In 1971, another law,
the Coastal Construction Setback Line Law, was passed. The objectives of
this law are to prevent beach encroachment that would endanger the existing
beach-dune system and to help prevent damage to existing and future build-
ings. The previous control line for the Martin County beaches was
established officially by the State of Florida on 23 May 1972.
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At the time this report was prepared, a revised control line was established
landward of the existing line in July 1985. Martin County currently has
evacuation plans in place for the effect of hurricanes.

PLANNING CONSTRAINTS

111. As previously discussed, nearly all of the study area's shoreline,
with the exception of the publicly owned shores; fronting the county parks
of Jensen Beach and Stuart, south of St. Lucie Inlet, south of Jupiter
Inlet, and 10 access strips on Hutchinson Island, are privately owned,
sparsely developed, and without public access. Viable alternative plans for
beach erosion control were developed to address the needs of the study area
and formulated to address the desires of local interests.

PLAN FORMULATION

GENERAL

112. With respect to the local planning objectives and the Water Resources
Council's Principles and Guidelines objectives, a preliminary formulation
and evaluation process was conducted using all appropriate measures
identified, without bias, including those proposed or suggested by different
groups and agencies to determine which warrant further detailed analysis.
Both structural and nonstructural means were given equal consideration
during this analysis.

EVALUATION CRITERIA

113. The "Principles and Guidelines" require the systematic preparation and
evaluation of alternative ways of addressing identified problems, needs and
concerns, and opportunities under the objective of National Economic
Development (NED) consistent with protecting the nation's environment. The
process also requires that the impacts of a proposed action be measured and
the results displayed or accounted for in terms of contributions to the four
accounts of: NED, Environmental Quality (EQ), Regional Economic Development
(RED), and Other Social Effects (0SE). The following economic, socioecono-
mic, and environmental criteria was adopted during the formulation process:

Tangible benefits should exceed project economic costs;

« Each separable unit of improvement or purpose should provide benefits
at least equal to its cost;

+ Within the framework of the formulation criteria the scope of the
development should provide the maximum net benefits;
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« The costs for alternative plans of development should be based on
preliminary layouts, estimates of quantities, and June 1985 unit prices;

» The benefits and costs should be in comparable quantitative economic
terms to the fullest extent possible;

« Annual costs and benefits should be based on a 50-year amortization
(project economic life) period and the authorized interest rate;

+ The annual charges should include the cost of operation and main-
tenance of the considered plans.

« Plans should avoid all detrimental environmental effects to the
extent feasible; and,

- Unavoidable adverse environmental impacts should be fully noted,
quantified when possible and qualified in any case to facilitate a
knowledgeable decision making process.

Environmentally, plans should also:

+ preserve unique and important ecological, esthetic, and cultural
values of our national heritage.

» conserve and use wisely the natural resources of our nation for the
benefit of present and future generations.

« restore, maintain, and enhance, the natural and manmade environment
in terms of its productivity, variety, spaciousness, beauty, and other
measures of quality.

+ create new opportunities for the American people to use and enjoy
their environment.

Socioeconomically, plans should minimize and, if possible, avoid:
« Destruction or disruption of community cohesion;

« Injurious displacement of people, and,

+ Disruption of desirable community growth;

Considerations should be given to protection of historical,
archeological, and other public interest areas;

+ Plans should not significantly increase noise pollution during con-
struction or create conditions that will tend to raise the overall noise
level of the area over the project life; and,

« Provisions should be made during project formulation to afford
interested locals an opportunity to participate in the selection of a plan.,

27



TECHNICAL CRITERIA

114, Within the planning framework the following technical criteria were
adopted for use in formulating a plan:

*The plan proposed should alleviate the effect of or prevent the ero-
sion now being experienced;

*The plan should enhance the recreational potential of the area;

*The plan should, to the extent that is practicable, provide as a mini-
mum, protection against the 10-year storm surge and waves;

*Protective works should be planned to prevent overtopping by the
design storm;

*Wave heights considered should be those expected to occur with the
design storm;

‘A beach berm, if included in a plan of protection, should have height
and width dimensions adequate to dissipate the wave energy produced by the
design storm and to resist erosion to the extent that the protective works

will not fail.

Flood Plain Management Criteria

115. Executive Order 11988, Flood Plain Management, signed 24 May 1977, re-
quires Federal agencies to recognize significant values of flood plains and
to consider the public benefits that would be realized from restoring and
preserving flood plains. In development of alternative solutions to the
erosion problem in Martin County, consideration is given to the following:

* Avoid development in the base flood plain (100-year flood) unless it
is the only practicable alternative; '

* Reduce the hazard and risk associated with floods;

* Minimize the impact of floods on human safety, health, and welfare;
and

* Restore and preserve the natural and beneficial values of the base
flood plain,

FORMULATION METHODOLOGY

116. The final plans selected for detailed analysis reporting were devel-

oped through a three-step planning process. These steps were:

(1) Identification of possible solutions; (2) Development of alternatives,

and (3) Assessment of alternatives. Each step was iterative in the process
of identifying and selecting the best possible courses of action for the

study area.
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117. During the first step, the population of alternatives developed in-
cluded traditional type projects, programs that could be carried out by
local interests and all suggestions surfaced by participants in the public
meetings. Each plan in the array was screened based on its ability to
satisfy the planning objectives., The viable plans were developed suffi-
ciently to assess generalized benefits, costs, and impacts. Those plans
meriting closer evaluation were carried into the second step.

118. In the second step, the problems of the project site were reevaluated
and the local planning objectives specified. The alternative plans carried
over from step one were then refined to an increased level of design with
emphasis on the overall capability and reliability of each plan to meet the
specific planning objectives. These intermediate plans were screened
according to the established criteria and those meriting more detailed study
were carried into the third step.

119. 1In the third step, detailed analyses were conducted on those plans
carried over from Step 2, Based on the result of these analyses, a plan was
developed for implementation.

FORMULATION OF PRELIMINARY PLANS

120. This section of the report summarizes stage 1 and stage 2 of the plan
formulation process.

MANAGEMENT MEASURES

121. The possible management measures considered in the first stage of
project formulation include structural and nonstructural solutions. During
stage 1 planning, all reasonable management measures were considered,.

PLANS OF OTHERS

122. During the study, several public meetings were held with the County
Commissioners, city officials, and interested organizations and individuals.
The plan most supported by local interests consisted of a 4-mile beach fill
from the north county line to the south of Stuart Beach Park.

123. Nourishment of the 1977-1978 beach fill areas along Jupiter Island was
accomplished in 1983 as shown on plate C-1.
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ANALYSIS OF PLANS CONSIDERED IN STAGE I
DESCRIPTION, ASSESSMENT, AND EVALUATION OF PLANS

124, The possible management measures considered in the first stage of
project formulation are listed in table 2 on the following page. The matrix
of this table further shows the planning objectives that each management
measure would meet. As indicated, many of the alternatives listed do not
fully address the planning objectives. Planning objectives considered in
the preparation of this table include the local planning objectives and the
accounts required by the Water Resources Council's "Principles and
Guidelines." These alternatives are discussed in the following paragraphs.
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TABLE 2
POSSIBLE SOLUTIONS AND PLANNING ACCOMPLISHMENTS

LOCAL PLANN]ING PRINCIPLES AND
POSSIBLE MEASURES OBJECTIVES! GUIDELINES?
PB_FP EC TBE NED EQ OSE

NA  NO ACTION 03 0 0 o0 0 0 0
NONSTRUCTURAL MEASURES

NS-1 Rezoning of beach area 0o P O p 0 0 P P
NS-2 Modification of building
codes 0 P 0 0 0 0 P 0
NS-3 Construction setback line 0 p O P 0 P p P
NS-4 Moratorium on construction 0 P O 0 0 O 0 0
NS-5 Flood insurance 0O 0 O p 0 0 P 0
NS-6 Evacuation planning 0 0 O 0 0 0 p 0
NS-7 Establish a no-growth
program 0o 0 O 0 0 0 0 0
NS-8 Other recreational
facilities 0 0 O 0 0 0 0
STRUCTURAL MEASURES
S-1 Modification of St.
Lucie Inlet P P P P p P P
S$-2 Beach fill with periodic ‘
nourishment F P F F F F F
Beach fill with hurricane
S-3 surge protection sand
dune and periodic
nourishment F P F p P P 0
S-4 Beach fill with periodic
nourishment and offshore )
breakwater F P P P P P 0
S-5 Corps 1968 Plan of
Improvement P P P P P 0 P p
S-6  Hurricane surge protection-
sand dune p P P p 0 P p 0
S-7  Revetment 60 P P 0 0 0 p 0
S-8 Seawall 0O P P p P 0 P 0
$-9 Stabjlization of beaches
and dunes by vegetation O p P 0 0 P 0 0
$-10 Modification of building
codes and rezoning of
beach area 0O P P 0 P P 0 0
S-11 Flood proofing of structures 0 P O 0 0 O P 0
S-12 Condemnation of land and
relocation of structures 0 P O 0 0 0 p

NOTES:

1pB - Provision of recreation beach

FP - Protection of flooding and wave damage
EC - Beach erosion control

TBE~ Protection of tourist base economy

ZNED- National Economic Development
EQ - Environmental Quality

0SE- Other Social Effects

RD - Regional Development

Meet fully objective

Meet partially objective

Not meeting objective

[e=ln v R 0|
[ |
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SCREENING OF ALTERNATIVES

125, After initial appraisal and preliminary evaluation of the 21 possible
solutions and combinations thereof, within the guidelines and criteria
established by the study objectives, those alternatives that could be con-
sidered no further as viable solutions and could not be implemented, were
eliminated, Those alternative solutions warranting further study are as

follows:

No Action (NA)

126. The "no action" alternative perceives the continuation of existing
conditions and provides no solution to existing problems. However, it also
avoids any undesirable effects that may be asociated with structural or non-
structural plans for beach erosion control. This option, although not
favored by local interests, is considered in relation to the effects of

other alternatives.

Rezoning of Beach Area (NS-1)

127. Rezoning of the beach area and modification of building codes as a re-
sult from implementation of the construction setback line and the impact
thereof on land use planning.

Modification of Building Codes (NS-2)

128. Modification of building codes and rezoning of the beach area con-
sidered as subfeatures of the entire concept--and the intent and purpose--of
the construction setback laws.

H]

Construction Setback Line (NS-3)

129. The State construction setback line for Martin County was established
with State approval on 23 May 1972, This alternative is therefore accepted
as an existing condition and will be included in the nonstructural combina-

tion plan.

Moratorium on Construction (NS-4)

130. Moratorium on construction is rejected by local interests since the
desired growth of the area is oriented towards tourism and recreation,
attracting retirees, and promoting a stable construction industry.

Flood Insurance (NS-5)

131, Local interests participation in the Federal Flood Insurance Program
involves steps being taken toward enacting building codes that require more
flood protection to be built into new structures. This is a local option
and will be included in the nonstructural combination plan.



Evacuation Planning (NS-6)

132. This is a nonstructural alternative which will be incorporated in the
nonstructural combination plan.

Establish A No-Growth Program (NS-7)

133. The establishment of a no-growth program is rejected by local
interests. Growth in the area, particularly that in connection with beach
activities, is needed to provide economic depth to the communities. This
alternative is therefore excluded from detailed studies.

Other Recreational Facilities (NS-8)

134, Martin County is fortunate to have had the foresight to reserve por-
tions of the ocean front for public use. Relatively few communities with

sandy beaches on Florida's lower east coast can claim to be more oriented

toward beach activities. Without some type of protection the county will

lose their capability to support expanding public use.

Modification of St. Lucie Inlet (S-1)

135, The modification of the inlet as recommended by the existing Federal
project is accepted as an existing condition that will nourish the beaches
for about 3.5 miles south of St. Lucie Inlet. Therefore, the alternative
will not be reconsidered by this report.

Beach Fill with Periodic Nourishment (S-2)

136. This alternative would provide protective and recreational beach. An
offshore source of sand is considered. Renourishment of the beach would be
undertaken periodically to maintain a protective and recreational beach of
suitable dimensions.

Beach Fill with Hurricane Surge Protection Sand Dune and Periodic
Nourishment (S-3)

137. This alternative is considered to represent a variation of the beach
fill and periodic nourishment alternative (S-2) with the added feature of
hurricane surge protection. The existing heights of the primary dune are
considered in the formulation of the beach fill alternative and the degree
that the existing dune contributes to storm surge protection is evaluated in
overall plan formulation. Refer to paragraph 142 for additional background
information on hurricane surge protection,

33



Beach Fills with Periodic Nourishment in Conjunction with Offshore Break-
water (5-4)

138. The construction of breakwaters offshore along the Martin County
problem areas is considered as viable alternative solution for beach erosion
in combination with a beach fill. Such structures would reduce the amount
of wave energy reaching the shoreline in their lee. The formation of a par-
tial tombolo could occur if the breakwaters are of sufficient size, thus,
decreasing the rate of annual erosion and thereby possibly decreasing the
annual nourishment requirements. The local sponsor could not support the
use of offshore breakwaters for inclusion in the recommended plan during the
September 1980 public meeting. This alternative is therefore excluded from

further consideration,

1968 Corps Plan of Improvement (S-5)

Plan for Jupiter Island

139. 1Initial restoration is required for 29,000 linear feet (5.5 miles) of
shore at Jupiter Island. That area extends from a point about 1,000 feet
north of Bridge Road (500 feet north of profile 14-S) southerly 5.5 miles to
a point about 1.6 miles north of the Martin County-Palm Beach County 1line
(500 feet south of profile 26-S)., The estimated volume of material required
for initial restoration is 2,430,000 cubic yards. Periodic nourishment
would be provided when needed. The average annual nourishment requirement
for the restored reach is 150,000 cubic yards. The above quantities include
an allowance for loss of fines in dredging.

Plan for Jensen Beach

140. Initial partial restoration, periodic nourishment, and four groins are
required for about 1,500 linear feet (0.3 mile) of beach, the entire ocean
shore of the county park at Jensen Beach. That reach extends southerly for
a distance of 1,500 feet from the ocean end of the Jensen Beach Causeway. A
400-foot transition zone, extending southerly from the southerly park limit,
is also required to minimize possible adverse effects of the groins on adja-
cent downdrift private property. The estimated volume of material required
for initial restoration is 220,000 cubic yards, including a quantity for the
transition. Periodic nourishment would be provided when needed. The
average annual nourishment requirement for the restored beach is 24,000
cubic yards. The above quantities include an allowance for loss of fines

in dredging. The groins--concrete H-pile structures with adjustable
concrete panels--would each be about 250 feet long. Top elevation of each
groin would be at 6 feet, and the structures would extend seaward from the
existing bank to prevent possible flanking. From elevation 6, the top of
the seaward half of each groin would generally slope seaward 1 on 20. Top
elevation of the seawardmost 10 feet of each groin would be at mean low

water.
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Plan for Stuart Beach

141. Initial partial restoration, periodic nourishment, and three groins
are required for about 1,150 linear feet (0.2 mile) of beach, the entire
ocean shore of the county park at Stuart Beach. That reach extends
southerly for a distance of 1,150 feet from the ocean end of the road
extending seaward from the Stuart Causeway. A 400-foot transition zone,
extending southerly from the southerly park limit, is also required to mini-
mize possible adverse effects of the groins on adjacent downdrift private
property. The estimated volume of material required for initial
restoration, including a quantity for the transition, is 170,000 cubic
yards. Periodic nourishment would be provided when needed. The average
annual nourishment requirement for the restored beach is 24,000 cubic yards.
The above quantities include an allowance for loss of fines in dredging.

Hurricane Surge Protection - Sand Dune (S-6)

142, Measures to prevent damages from hurricane-induced tidal overtopping
and flooding were considered. Previous damages along the study area have
resulted from beach erosion and destruction of the seawalls during severe
northeast storms and hurricanes. Hurricane flooding damages from the ocean-
side have been relatively small in comparison to erosion damages and in many
instances have been nonexistent because of the natural high dunes. Based on
previous hurricane frequency and flooding damages, the 1968 Corps Beach
Erosion Control Report concluded that measures in addition to those required
for beach erosion control were not warranted. Subsequent development of the
Martin County shoreline was affected by the establishment of the
Construction Control Line (CCL). The CCL was initiated in May 1972 and is a
result of comprehensive engineering and topographic surveys, erosion analy-
ses, prediction of storm tides and wave runup, and other analyses. It
represents the landward encroachment of storm erosion for an estimate storm
occurrence of 1 in 100 years. From 1968 to date it is estimated that 4
single-family dwelling units have been constructed seaward of the CCL. It
is believed that this shoreline development does not significantly impact on
the previous storm frequency and damage analysis; therefore, no further con-
sideration was given to this alternative,

Revetments (S-7)

143, Revetments have been placed on the beach over the past to protect cri-
tically damaged or eroding areas on Jupiter Island. These measures have
provided temporary relief for recession of the primary dune, but have not
reduced the erosion of the beaches. The hardening of the shorefront with
structures in one area will merely transfer the location of the problems
further down the beach. Therefore, this alternative was not carried forward
for further evaluation.
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Seawalls (S-8)

144, The construction of concrete seawalls or improvements to and mainte-
nance of the existing seawalls would provide a limited degree of protection;
however, this would be accomplished at the expense of a recreational beach,
resulting in substantial economic loss to the area. Reflecting wave energy
off the existing seawalls and revetments has resulted in a steepening of the
offshore profiles with resulting hazardous bathing conditions due to
increased undertow and runouts, The effect of transferring the erosion
problem along the shoreline is often caused by seawalls. High initial costs
in addition to these reasons eliminate these alternatives from further con-

sideration,

Stabilization of Beaches by Vegetation (S-9)

145, Stabilization of the beaches with vegetation is, for the most part,
not applicable in the present situation. Beach grassing, if it could be
accomplished, would deprive the area of a sandy beach. A variation of this
alternative could be implemented in combination with beach fill if the for-
mation of windblown sand and landward migration of dunes became a problem.
Due to the relatively high elevation of the design dune, windblown sand is
not considered to become a problem along the project area. In addition, the
existing remnant of the primary dune has sufficient vegetation to act as an
efficient trap for windblown sand.

Modification of Building Codes and Rezoning of Beach Area (S-10)

146, This alternative is considered as a feature of the Federal Insurance
Administration Flood Study underway at the time of this report preparation
and the intent of the purpose of the State construction setback laws.

L]

Floodproofing of Structures (S-11)

147, This is also considered to be a part of the previously referenced
Flood Study results in order for property owners to secure low interest
insurance in the study area.

Condemnation of Land and Relocation of Structures (S-12)

148. The relocation of the structures in the Martin County problem area
would allow the area to continue to erode. The land in this area would be
lost until an equilibrium shoreline is reached. This alternative is
excluded as it does not meet the planning objectives and this would not be

favored by local sponsors.
149. The preliminary evaluation of possible management measures listed in

table 1 within the multiobjective guidelines, eliminates some measures from
further consideration and combines others.
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COMPARATIVE ASSESSMENT AND EVALUATION OF PLANS

ANALYSIS OF PLANS CONSIDERED IN STAGE 2

150, A general investigation was made of the preliminary alternatives.
Each plan was screened on its ability to satisfy the planning objectives.
The findings of these analyses are summarized in the following paragraphs.

150. Evaluation of the preliminary plans elimiated and combined many of
those considered. The no action plan allows the continuation of the
existing erosion conditions and provides no solution to the existing
problems. The no action plan is therefore only carried forward for com-
parison with viable plans, The nonstructural alternatives are further com-
bined to make up a nonstructural combination plan which in addition to the
no action alternative is carried throughout the plan formulation for con-
sideration and comparison. The nonstructural combination plan consists of
alternatives NS-1, 2, 3, 5, 6, and 8. The intermediate alternatives, thus
considered, are listed in the following table.

INTERMEDIATE ALTERNATIVES

*no action

*nonstructural combination plan
«beach fill and periodic nourishment (Hutchinson Island)

«beach fill and periodic nourishment (Jupiter Island)

.beach fill and periodic nourishment (Hutchinson and Jupiter
Islands)

«Corps 1968 Plan of Improvement ‘

152. The nonstructural combination plan consists of all the nonstructural
alternatives considered in stage 1 of the plan formulation process taken as
a single plan. The adoption of effective regulatory measures to prohibit
development of homes, subdivisions, and commercial centers in hazardous
flood areas is a local responsibility. This alternative would not meet the
needs of the study area or the study objectives and is carried forward for
the sole purpose of comparison with the no action plan and viable structural

alternatives.

153. Preliminary plans, designs, and cost estimates were formulated for the
structural alternatives. Nonstructural plans and structural plans developed
during the second stage of analysis were further refined to better address
the needs of the study area. The authorized modification to the St. Lucie
was completed as discussed in sections of existing Federal projects. For
this reason, a development of plans for the St. Lucie Inlet will not be

undertaken.
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154, The alternative provided by the Corps 1968 Plan of Improvement of
including groins at Hutchinson and Jupiter Islands is not considered to pro-
vide a complete solution to the beach erosion problem based upon previous
results along the study area. Updrift and downdrift shores would suffer
accelerated erosion and groins have not proved effective in stemming the
erosion problem at Jupiter Island. Therefore, this alternative is removed
from further consideration in the development of alternatives and the for-
mulation of a proposed plan.

DESCRIPTION OF PLANS

155A, The screening process eliminates those alternatives that do not
respond to the needs of the problem area or the overall planning objectives
from further consideration in the formulation of the intermediate range of
alternatives. The Federal planning objectives, as determined by the Prin-
ciples and Guidelines, are to address the erosion problem by identifying and
selecting the best possible course of action. The Tocal planning objectives
are incorporated in the overall screening process based upon the expressed
desires of the local sponsor. Only those alternatives that warranted con-
sideration based upon the overall planning objectives were brought forward
for further evaluation as intermediate alternatives. The elimination of the
various alternative methods of hardened shore protection such as revetments
and seawalls from further consideration is due to the findings that such
measures do not function well in the study area and would not solve the ero-
sjon problem. The non-structural combination plan does not provide a solu-
tion to the erosion problems, and represents a management measure to respond
to the continual effects of such problems. Since the beach fil1l alternative
offers a better course of action and opportunities to address the NED objec-
tive, the non-structural combination plan is also removed from further con-
sideration in the formulation of viable plans. s

155B. Analyses of the economic feasibility of the various shore protection
alternatives in Florida most often indicate that beach fill with periodic
nourishment represents the optimum solution to the erosion problems within
the framework of Federal guidelines. Beach fill alternative designs are
formulated to provide various levels of protection to development, preven-
tion of loss of land, and recreation benefits. From an array of such alter-
natives, a selected plan's features are determined which will optimize
benefits in relation to costs. Shore protection alternatives such as revet-
ments and seawalls do not provide enhanced recreational benefits and are
therefore not usually found to represent the NED plan where the existing
public shorefront provides a valuable recreational resource as in Martin

County.

155C. For the purpose of evaluating intermediate beach fill alternatives, a
preliminary analysis was conducted to determine the beach fill design cross
section and periodic nourishment interval that would be the basis of the
economic analysis. Costs for various design berm widths; 0, 20, 35, and 60
feet for 3.3, 10, 40, and 59 year protection levels, respectively, were eva-
luated in conjunction with renourishment intervals of 2, 5, 8, and 15 years
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to arrive at a consistent design for comparison of alternative beach fil1l
plans. From the benefits and costs of the beach fill alternatives that were
determined for preliminary designs, a 40-year return interval level of storm
protection consisting of restoration of the primary dune to a 20-foot-wide
crest width at +12.5 feet, m.s.1., with a 35-foot-wide berm at +8 feet,
m.s.l., with 1 vertical on 8.5 horizontal (1V:8.5H) seaward slopes with
renourishment at 8-year intervals was the optimum design of those initially
considered for Hutchinson Island. This design cross section for the beach
fi11 plan would provide a total 65-foot-wide protection beach width at +8
feet, which is 3.5 feet above the 30 year return interval storm surge still
water surface elevation. 1In addition, the 35-foot-wide berm at +8 feet
would have advanced nourishment placed seaward as increased width. The
Engineering Appendix (4) contains a discussion of the optimization of the
renourishment interval based upon the economic analysis of the selected plan
of improvement. Average annual benefits and costs for the alternatives
developed in the second stage of analysis are computed at 8 5/8 percent
interest and June 1985 price levels., A summary of the economic analyses is
contained in Appendix 5.

Hutchinson Island (Plan S-2A)

156. This alternative would provide for an initial beach fill and periodic
nourishment along 4 miles of shorefront. The initial beach fi1l would be
comprised of 942,000 cubic yards of material which includes 8 years

advance nourishment with an overfill ratio_of 1.15. The annual nourishment
rate for this reach is 61,000 cubic yards 1/ The cross section of the beach
fi11 would be comprised of a restored primary dune with a 20-foot-wide crest
at +12.5 feet, m.s.1., a berm 35 feet wide at an elevation of +8 feet, and
seaward slopes of 1V:8.5H to an elevation of mean low water, then 1V:20H to
the existing bottom. ,

157. The selected borrow area for beach fill material is located from 1/2
mile to 1 mile offshore of Stuart Public Beach Park. Approximately 8
million cubic yards of sand are located in the shoal area of this selected
borrow area, The overfill ratio of 1.15 has been determined for material
from this source. Renourishment of 488,000 cubic yards would be required
at 8-year intervals to replace anticipated losses.

158. The cost of initial beach fill is estimated at $9,521,000. The
average annual benefits for this alternative are estimated at $2,225,000.
The average annual cost of constructing this alternative is $1,340,300. The
benefit to cost ratio for this plan is 1.7 to 1.

Environmental Considerations

159. The principle adverse impact anticipated with the construction of this
alternative would be the temporary disturbance of biotic habitat in the
borrow areas and along the nearshore zones in the immediate proximity of
construction activities. The initial beach fill length of 4 miles is the
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maximum length considered due to the existence of rock outcroppings south of
Stuart Public Park that help maintain the existing shorefront and the loca-
tion of the nearshore emergent reef at Bathtub Reef Park. The considered
beach fill cross section incorporates a relatively steep foreshore slope
(1v:8.5H) to represent prevailing conditions and to address an environmen-
tal consideration of not impacting excess nearshore bottom.

Jupiter Island (Plan S-2B)

160. Plan S-2B consists of 5.6 miles of beach fill and periodic nourishment
along the developed shorefront of Jupiter Island. The considered reach
along Jupiter Island would begin about .5 mile north of Bridge Road and ter-
minate 5.6 miles south., The initial beach fill along 5.6 miles of developed
shorefront on Jupiter Island would contain 2,318,000 cubic yards of

material including 8 years advanced nourishment. The annual nourishment
rate for the reach is 221,000 cubic yards, The cross section would be
comprised of a berm 35 feet wide at +8 and seaward slopes of 1V:10H to to an
elevation of 0 m.1.w., thence 1V:20H to the existing bottom.

161, The selected borrow area for the beach fill area at Jupiter Island
1ies about 3,000 to 7,000 feet offshore and contains in excess of 77 million
cubic yards of material. Renourishment with 1,768,000 cubic yards would be
required at 8-year intervals to replace anticipated losses.

162, The initial cost of constructing this alternative is estimated at
$20,794,000, The estimated annual benefits and costs that would result from
implementing this alterative are $1,078,400 and $3,306,300, respectively.
The benefit to cost ratio for this plan would be .32 to 1. Local interests
at Jupiter Island have a 5-year schedule for renourishment of the shorefront
within the limits of Plan S-2B with private funding. Past nourishment quan-
tities and dates are indicated on plate C-1. '

Environmental Considerations

163. Anticipated adverse impacts of construction are considered to be the
temporary disturbance of biotic habitat in the borow area and along the
nearshore zone adjacent to construction activities. The considered beach
fi11 cross section incorporates a steep foreshore slope (1V:10 H) to repre-
sent prevailing conditions and to address environmental consideration of not
impacting excess nearshore bottom.

Hutchinson Island (Plan S-2C)

164, This alternative is comprised of two beach fills consisting of a total
of 420,800 cubic yards of material at Jensen and Stuart Public Beach Parks.
The initial beach fill would consist of 230,400 cubic yards of material
along 4,100 feet of shorefront from .25 mile north to .25 mile south of at
Jensen Public Beach Park and 107,800 cubic yards of material along 3,800
feet of shorefront from .25 mile north to .25 mile south of Stuart Public
Beach Park including 8 years advanced nourishment. The beach fill cross
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section would provide a 35-foot-wide berm at +8 feet, and seaward slopes of
1 on 8.5 to mean low water, thence 1 on 20 to the existing bottom. Annual

nourishment requirements for the entire 7,900-foot length of beach restora-
tion are 22,800 cubic yards. Beach fill material would be obtained from the
offshore borrow area indicated for plan S-2A. Included as an integral part
of this plan is the option that the shorefronts adjacent to the beach fills
on Hutchinson Island would be provided with periodic nourishment as needed

and justified.

165. Average annual benefits for the plan would be $834,000. The average
annual cost of constructing this alternative of beach fills with advance
nourishment and periodic nourishment at 8-year intervals is estimated at
$697,900., The benefit to cost ratio for this plan would be 1.2 to 1.

166, Limited expansion of this plan would not significantly improve the
benefit-to-cost ratio. The average annual costs of periodic nourishment
along relatively short reaches of beach fill would be greater than initially
anticipated due to excessive losses associated with short beach fills. Plan
S-2A is considered to encompass the magnitude of shorefront that would not
experience excessive losses due to length effects. Plan S-2A provides a
more favorable benefit to cost ratio and net benefits, therefore, further
refinement of this plan is not considered desirable and this alternative is
removed from further consideration in the development of detailed plans.

Hutchinson and Jupiter Islands (Plans S-2A and S$S-2B)

167. This alternative combines the features of plan S-2A for Hutchinson
Island with beach fill along the developed shorefront at Jupiter Island,
plan $-2B. The dimensions of the beach fill cross section at Jupiter Island
would provide a 35-foot-wide beach berm at +8 feet, with a beach face slope
of about 1 vertical on 10 horizontal to mean low water then 1 vertical on 20
horizontal to the existing bottom. The initial beach fill volume would be
comprised of 3,373,000 cubic yards of suitable material including 8 years
advanced nourishment, Renourishment of the beach fill is estimated at
2,256,000 cubic yards at 8-year intervals. The initial cost would be
$26,600,000., The initial fill and periodic nourishment quantities would be
dredged from the selected borrow areas located 1/2 mile offshore of Stuart
Beach Park on Hutchinson Island and about 3,000 to 7,000 feet offshore of
Jupiter Island. The average annual cost of constructing this alternative is
estimated at $4,611,300. Average annual benefits estimated at $2,927,500.
The benefit to cost ratio for this plan would be .64 to 1,

COMPARATIVE ASSESSMENT AND EVALUATION OF DETAILED PLANS

168. Analysis of possible solutions, as summarized in previous paragraphs,
indicates that structural measures coupled with existing nonstructural meas-
ures best meet the needs of the study area. It was established that, within
the framework of the planning criteria, beach restoration with periodic
nourishment is a practicable solution to the existing problem. It was
determined that the eroding shore could be stabilized with beach nourishment.
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169. O0f the structural alternatives carried through the plan formulation
process to the second stage of analysis as viable plans, one met the needs
of the study area and the planning objectives. This alternative, plan S-2A,
provides for the planning objectives, anticipated beach erosion losses, and
considers needs of the study area. The no action and nonstructural com-
bination plan offer no solution to the beach erosion problem and are carried
through the plan selection process in order to provide a basis for com-
parison and evaluation.

170. The structural measures for beach erosion control with beach fills and
periodic nourishment, plans S-2B and S$-2C would not meet the planning objec-
tives and were determined as being unsatisfactory. These alternatives were
therefore removed from further consideration in the formulation of a pro-
posed plan. Plan $-2B is carried forward to the next stage of plan for-
mulation to address the erosion problem at Jupiter Island and for
consideration for implementation by non-Federal interests.

171. The following plans are further considered in the analysis of detailed
plans:

No Action

Nonstructural Combination Plan

Plan S-2A - Beach Fill and Periodic Nourishment (Hutchinson Island)
Plan S-2B - Beach Fill with Periodic Nourishment (Jupiter Island)

172. As previously stated, the no action and nonstructural alternatives are
carried throughout plan formulation as a basis of comparing the effects of
other alternatives. An effect assessment carried out in terms of the con-
sidered plans contributing to the four accounts of NED, EQ, RD, and OSE was
made. Also, as required by the Principles and Guidelines, a system of
accounts displaying the results of this assessment was prepared and is shown
in table la through 1d of appendix 2. Additionally, the 17 areas of concern
specifically mentioned in Section 122 of Public Law 91-611 as being of cri-
tical concern are indicated on these tables. A summary of the effects of
the considered plans is presented in the section following the recommen-
dations at the end of the main report.

173. As previously stated, the selected plan should maximize net benefits
to the extent practicable. Maximizing net benefits is an economic concept
aimed at sizing a project to the point where the greatest excess of benefits
over cost occurs.

DESCRIPTION OF PLAN S-2A

Beach Fill and Periodic Nourishment for 4 miles at Hutchinson Island

174. This alternative provides for 4 miles of continuous beach fill from
the north county line to about 0.25 mile south of the southern boundary of
Stuart Public Beach Park. The initial beach fill along 4 miles of con-

tinuous shorefront at Hutchinson Island would contain 942,000 cubic yards
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of material., The annual nourishment rate for this reach is 61,000 cubic
yards. The beach fill design cross section would provide a restored primary
dune crest 20-feet wide at +12.5 feet, m.s.1., a 35-foot-wide beach berm at
+8 feet, and seaward slopes of 1V:8,5H to 0 m.1.w., then 1V:20H to the
existing bottom. The plan developed for beach fill and periodic nourishment
along 4 miles of shorefront has a benefit to cost ratio of 1.7 to 1, The
economic analysis indicates that at the time of this study, average annual
benefits exceed average annual costs by $884,700, as shown on table 5,

IMPLEMENTATION RESPONSIBILITIES

COST ALLOCATION

175. The allocation of costs between Federal and non-Federal interests for
the considered works is based on Federal legislative and administrative poli-
cies governing beach erosion control protection. The current beach erosion
control cost sharing policies are indicated in the following paragraphs.

176. Under Public Law 826, 84th Congress, as amended by the River and
Harbor Act of 1962, Public Law 87-874, Federal participation in the cost of
a project for restoration or protection of State, county, and other publicly
owned shore parks and conservation areas may be up to but not more than 70
percent of the total cost exclusive of lands easements and rights-of-way
costs, when such areas meet the following requirements:

a. Include a zone which excludes permanent human habitation;
b. Include, but are not Timited to, recreational beaches;

c. Satisfy adequate criteria for conservation and development of the
natural resources of the environment;

d. Extend landward a sufficient distance to include, where appropr1ate,
protective dunes, bluffs, or other natural features which serve to protect

the uplands from damage; and

e. Provide essentially full park facilities for the appropriate public
use, all of which shall meet the approval of the Chief of Engineers.

Where the above criteria are not met, Federal contribution toward the cost
of construction of protective works along publicly owned shores is normally
equal to one-half of the cost. However, if private benefits stem from

the works, the Federal contribution to the project is adjusted in accordance
with the degree of such benefits,

177. Within the shorefront limits of this alternative plan, the 2,600
linear feet of shorefront of the public beach parks at Jensen (1,450 feet)
and Stuart (1,150 feet) currently qualify for 70 percent Federal cost
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sharing in erosion control measures. Martin County's proposed development
plans indicate that improvements to the existing public shorefront at the
Jensen north access (1,600 feet), Bob Graham Beach (1,990 feet), and Alex's
Beach (565 feet) will be eligible for Federal cost sharing up to 70 percent
for construction of erosion control measures by 1990. There are currently
765 feet of additional public shorefront at three access points: North
County Access, Virginia Forrest Beach, and Tiger Shores that qualify for 50
percent Federal cost sharing. Table 3 indicates the shorefront distances
and the cost apportionment that this alternative would be eligible for based
upon either existing park development, or current park development plans.

Federal Responsibilities

178. The Federal share of first costs for the recommended plan is estimated
at $4,380,500 based on existing park development conditions. The Federal
share would increase slightly if the proposed park development plans are
implemented by local interests prior to construction of the recommended
plan. Details for determining cost apportionment are shown in table 4.

Non-Federal Responsibilities

179. Non-Federal interests would provide all lands, easements and rights of
way; relocations (if required); establish the Erosion Control Line (ECL) and
pay for all beach fill placed landward of the ECL., Non-Federal interests
would also provide a cash contribution, estimated at $5,038,500 based on
existing park development conditions. In addition, non-Federal interests
would operate and maintain the project, participate in the cost of periodic
nourishment and provide appurtenant facilities as required to assure public
use of the restored beach. Appurtenant facilities include parking areas and
beach access as required to insure the realization of the forecasted project

benefits. ’
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COST APPORTIONMENT BASED QN RELINE DEVELOPMENT

Existing Park Developmen Y Proposed Park Development 2/
Existing
Public w/project Cost w/project Cost
Shoreline public  Apportionment public  Apportionment
Distance shoreline % % shoreline % %
Access (ft) (ft) Fed. Non-Fed. (ft) Fed. Non-Fed.
North County Access 100 1255 50 50 1255 50 50
Jensen Beach North 1600 1600 50 50 1600 70 30
Jensen Beach Park 1450 1450 70 30 1450 70 30
1320 50 50 1320 50 50
Bob Graham Beach 1990 3180 50 50 1990 50 50
1190 50 50
Alex's Beach 565 2730 50 50 565 70 30
2165 50 50
Virginia Forrest Beach 100 2740 50 50 2740 50 50
Tig2r Shores 100 2445 50 50 2445 50 50
Stuart Beach 1150 1150 70 30 1150 70 30
2345 50 50 2345 50 50
TOTAL 7055 20,215 3/ 20,215

b Public shoreline with full park facilities is eligible for 70% Federal cost-sharing. The
remaining publicly owned shoreline is eligible for 50% Federal cost sharing. Under existing
conditions, 2,600 feet of shoreline qualifies for 70% Federal participation. The Federal
share of project costs is 2,600 (.7) + 17,615 (.5) + 905 (0) _ 50.3%

21,120

2/ With proposed park development, 6,755 feet of public qualify for 70% Federal cost-sharing.
The Federal share of project costs would be 6,755 (.7) + 13,460 (.5) + 905 (0) _ 54.3%
21,120

3/ This length of shorefront qualifies for Federal participation in cost sharing. An addi-

tional 905 feet front private property without public access and would therefore not qualify
for Federal cost-sharing under current criteria. However, the total project length for the
cost apportionment calculation is 21,120 feet (4.0 miles).



TABLE 4
COST APPORTIONMENT FOR THE RECOMMENDED PLAN (S-2A)

First Costs (6/85 prices)

Item Non-;edera] Otger Y Total
Mobilization & Demobilization 2/ 1,000,000 1,000,000
Beach Fill {includes advance nourishment) 446,600 = 5,017,400 5,464,000
Monitoring 12,000 12,000
Relocation of Turtle Eggs 28,800 28,800
Lands 27,500 27,500
Establish ECL 20,000 20,000
Contingencies (25%) 123,600 1,514,600 1,638,200
E&D, S&A (15%) 92,600 1,135,900 1,228,500

Total 710,300 8,708,700 9,419,000

Federal Share of First Costs
50.3% x $8,708,700 = $4,380,500
Non-Federal Share of First Costs

(49.7% x $8,708,700) + $710,300 = $5,038,500

Y “Other" costs are those first costs eligible for cost sharing in
accordance with the formula shown in Table 3. For existing conditions,
these costs are apportioned 50.3% Federal and 49.7% non-Federal. The
percentages will be reevaluated at time of initial construction and for
each future nourishment to reflect the amount of shoreline eligible 70%
Federal cost sharing and the amount eligible for 50% Federal cost sharing.

2/ It is estimated that about 77,000 cubic yards of fill will be placed
landward of the ECL at a unit cost of $5.80. This work would be 100%
non-Federal,
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180. The State of Florida in considering beach erosion a serious menace to
the economy and general welfare of the people of the State declared it to be
in the public interest that the legislature of the State of Florida make
provision for publicly financed beach nourishment and restoration programs
by establishing and clarifying the property rights of the State and private
upland owners arising from or created by such programs. The legislature
declared that it is the public policy of the State of Florida and its inten-
tion to cause to be fixed and determined, pursuant to beach restoration pro-
jects, the boundary line between sovereignty lands of the State bordering on
the Atlantic Ocean, the Gulf of Mexico and the bays, lagoons and other tidal
reaches thereof, and the upland properties adjacent thereto.

181. It was further declared that there is no intention on the part of the
State to extend its claims to lands not already held by it, nor to deprive
any upland or submerged owner of the legitimate and constitutional use and
enjoyment of his property. However, if a requested and authorized beach
erosion control project cannot reasonably be accomplished without the taking
of private property, then such taking shall be made by the requesting
authority by eminent domain proceedings. To effect this policy, the
Trustees of the Internal Improvement Fund are authorized by chapter 161 of
the Florida Statutes to establish an erosion control line (ECL) at the
request of the county or city, provided the owners of more than 50 percent
of the number of linear feet of property abutting the proposed Tine consent
thereto in writing. The establishment of such a line and the restoration or
creation of public beaches seaward of said line will be of considerable
benefit to the owners of upland property as well as to the public.

182. The ECL, when established, will be the seaward boundary of private
property. Upland property owners will not gain any lands resulting from the
nourishment program or from natural accretion seaward of the ECL, and will
not lose title to land which may be submerged due to erosion by natural
actions of the wind and waters. If the ECL is placed any point seaward of
mean high water line abutting property then such submerged land becomes the
property of the upland owners and they will not be required to pay any com-
pensation for this submerged land.

PUBLIC VIEWS

183. Comments received from coordination of the draft report with Federal,
State, regional and local agencies, and with the general public will be con-

tained in appendix 3.
DESCRIPTION OF PLAN S-28

Beach Fi11 and Periodic Nourishment at Jupiter Island (Plans S$-2B)

184, This alternative plan features 5.6 miles of beach fill along the
developed shorefront at Jupiter Island with periodic nourishment at 8-year
intervals. The shorefront considered ranges from about 0.5 mile north of
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Bridge Road to 5.6 miles south. The dimensions of the beach fill cross sec-
tion would provide a 35-foot-wide beach berm at +8 feet, with a foreshore
slope of 1 vertical on 10 horizontal to mean low water then 1 vertical on 20
horizontal to the existing bottom.

185. This alternative plan considers placement of initial beach fill of
2,318,000 cubic yards of material along the 5.6 mile problem area at Jupiter
Island. Material for initial restoration and periodic nourishment would be
obtained from the selected borrow area located 3,000 to 7,000 feet offshore.
Subsurface investigations and laboratory grain-size analysis indicate that
sufficient quantity (77 million cubic yards) of suitable sand exists there.

186. The design beach fill cross section includes a quantity of 550,000
cubic yards of material. In addition, 1,768,000 cubic yards of material is
included in the initial beach fill for advanced nourishment for 8 years.

This quantity would provide an average cross section of 78 cubic yards per
foot of shorefront. The considered cross section would provide for 8 years
of the average annual erosion rate of 6.5 cubic yards with 19 cubic yards per
foot of shoreline remaining from the initial beach fill at the 8-year inter-
val during renourishment. The average annual nourishment requirement for the
restored reach would be about 221,000 cubic yards with the overfill ratio of
1.15 included.

187. Based upon the economic analyses conducted, and shown in table 5 (and
table 31 of the Economics appendix), plan S-2B lacks sufficient economic
justification for further consideration. This alternative is carried
through to the formulation of detailed plans in order to evaluate an alter-
native of sufficient scope that would address the erosion problem at Jupiter
Island and determine the benefit to cost ratio. The provision of a sand
beach of increased dimensions will augment the natural protection affor ded
by the beach in mitigating erosion damage to the upland property. Wider
beaches will also provide increased area for turtle nesting and recreation

activities.

IMPLEMENTATION RESPONSIBILITIES

COST ALLOCATION
188. This alternative lacks sufficient benefits to exceed costs on an

average annual basis and therefore could not be considered further for
recommendation as a proposed plan for Federal cost sharing.

Non-Federal responsibilities

189. Non-Federal interests would have responsibility to construct and main-
tain the considered plan.

PUBLIC VIEWS

190. Comments received from coordination of the draft report with Federal,
State, regional and local agencies, and with the general public are con-
tained in appendix 3.
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COMPARISON OF DETAILED PLANS

COMPARISION OF PLANS

191, An "effect assessment" carried out in terms of the plans' contribution
to the four accounts of NED, EQ, RD and OSE is contained in the section
following the recommendations of this report. Highlights from this
assessment are presented in the following paragraphs. In addition, pertinent
economic data are presented in the accompanying table.

192. The "no action" alternative perceives the continuation of existing
conditions and provides no solution to existing problems. However, it also
avoids any undesirable effects that may be associated with considered struc-
tural solutions. This option, although not favored by the local sponsors,
was considered as a basis for comparing other alternatives.

193, If steps are not taken to counteract the erosion occurring along the
shores under study, further erosion and recession of the shoreline will
occur, with subsequent loss of property and undermining of structures along
the shore. Loss of the beach would reduce the attractiveness of the area to
tourists and local residents, thus exerting a negative impact on the local
economy. The nonstructural combination plan consists of management measures
that are within the discretion of local interests to employ. Most of the
components of this alternative are included in the coastal zone management
measures undertaken by Martin County. This alternative alone would not pre-
vent, control, or mitigate the erosion problem experienced along the study
area. Therefore, this option is considered to be part of the existing mana-
gement measures underway.

194. An "effect assessment" is an objective analysis carried out in terms
of the considered plans' contributions to the four accounts: NED, EQ, RD,
and OSE. As required by the Water Resources Council's Principles and
Guidelines, an effect assessment was made of the alternatives considered
herein. The results of this assessment for the plans carried forward for
detailed evaluation are presented in the "System of Accounts" table in
appendix 2 of this report. Also included in this table is an enumeration of
the 17 areas of concern specifically defined by Section 122 of Public Law
91-611 as being of critical importance. A summary of the effects of the
considered plans is presented at the end of the conclusions section of this
report and discussed in the following paragraphs.

195. Average annual benefits and costs for the plans referred to in the
evaluation of detailed plans are illustrated in table 5. The investigations
conducted to determine the economic justification for detailed plans S-2A
and S-2B are contained in appendix 5 and are summarized in table 33 of that

appendix.
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TABLE 5
ECONOMIC SUMMARY @ 8 5/8%

PLANS
Average Annual Benefitg S-2A (Hutchinson Island) S-2B (Jupiter IsTand)
Recreation Benefits $1,144,200 $ 103,400
Loss of Land
Prevented 208,600 798,300
Damage to Develop-
ment Prevented 858,400 84,200

Prevention of Damage
to Existing
Erosion Control

Structures 1/ 13,800 92,500
Total $2,225,000 $1,078,400
AVERAGE
ANNUAL COSTS $1, 340,300 $3,349,400
NET BENEFITS $ 884,700 0
B/C RATIO 1.7 .32

lenc]udes reduction in maintenance costs.

196. A description of these benefits and the analyses conducted are con-
tained in the Economics appendix. The value of these benefits is dependent
upon the location and length of shoreline and the types of development

protected.
RATIONALE FOR DESIGNATION OF NED PLAN

197. The National Economic Development (NED) Alternative by definition is
the alternative formulated for maximization of contributions to the NED
objective, viz. the alternative should produce the maximum benefits in rela-
tion to costs to the extent practicable.

NED PLANS

198. None of the alternatives considered for Jupiter Island were economically
justified. Therefore, there is no NED plan for Jupiter Island. An NED plan
was developed for Hutchinson Island only. Each alternative plan was developed
and net benefits calculated., Alternative plan S-2A which provides for
construction of a protective beach along about 4 miles of the ocean shore and
for periodic nourishment to provide 40-year storm protection would maximize
net NED benefits. The following table indicates the array of beach fill
designs considered in formulation of the NED plan.
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1
AVERAGE ANNUAL BENEFITS AND;€OSTS'"/ (x $1000)

STORM PREVENTION
RETURN OF DAMAGE PREVENTION TOTAL
INTERVAL TO EROSION OF AVERAGE TOTAL A
(DESIGN BERM LOSS OF CONTROL DAMAGE TO ANNUAL ANNUAL  NET
LEVEL) WIDTH LAND STRUCTURES DEVELOPMENT RECREATION BENEFITS COSTS  BENEFITS..
Yrs Tt $ $ $ $ $ $ $
3.3 0 191.5 13.8 582.9 1,138.3 1,926.5 1071.4 855.1
10 20 202.3 13.8 703.1 1,144.2 2,063.4 1185.1 878.3
*
40 35 208.6 13.8 858.4 1,144.2 2,225.0 1340.3 884.7
59 60 214.4 13.8 861.8 1,144,2 2,234.2 1454,0 780.2

1/ At 8 5/8% Interest Rate. See appendix 4 for details.

RATIONALE FOR THE TENTATIVELY SELECTED PLAN

199, Environmental and socioeconomic criteria for consideration in water
resource planning are as prescribed by the National Environmental Policy Act
of 1969 (Public Law 91-190) and Section 122 of the River and Harbor and
Flood Control Act of 1970 (Public Law 91-611). The criteria prescribe that
all significant adverse and beneficial economic, social, and environmental
effects of considered erosion control solutions be considered and evaluated
when selecting a plan for recommendation as a Federal project. The high-
lights of these criteria were presented earlier in this report.

200, The economic criteria require that the selected plan be justified with
NED benefits that exceed the costs. The selected plan should also be the
most economical means of meeting the planning objectives.

201, Planning criteria also require that the selected plan must be tech-
nically and institutionally implementable. The institutional authority,

and financial capability, of the non-Federal sponsor must be sufficiently
established to allow recommendation of the selected plan as a Federal pro-
ject with knowledge that it can be implemented. The plan must be acceptable
to and indorsed by State and local authorities.

SELECTION OF A PLAN

202. Since none of the alternatives considered for Jupiter Island are eco-
nomically justified, no Federal action can be recommended for this island.
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Selection of the best plan for Hutchinson Island to solve the erosion
problem and meet the needs of the study area was based on contributions to
the four accounts of NED, EQ, RD, and OSE; responsiveness to specific eval-
uation criteria; and the desires of local interests.

203. Of the alternatives investigated, plan S-2A is considered to provide
the optimum solution within the framework of the formulation concepts.
Implementation of this plan would provide a practical, efficient, and an
environmentally and socially acceptable means of resolving the erosion
problem. Plan S-2A provides for restoration of the primary dune and a pro-
tective beach along 4 miles of the ocean shore of Hutchinson Island from the
north county line south to Stuart Public Beach with periodic nourishment at

8-year intervals.

204. In light of the overall public interest, the documents concerning the
proposed action, as well as the stated views of other interested agencies
and the concerned public, relative to the various practicable alternatives
in accomplishing remedial measures for beach erosion control in Martin
County were reviewed. The possible consequences of the detail alternatives
have been studied for environmental, social well-being, and economic
effects, including regional and national economic development, and engi-
neering feasibility. The alternatives have addressed the need for an ade-
quate protective and recreational beach at Hutchinson Island and protective
beach at Jupiter Island.

ENVIRONMENTAL CONSIDERATIONS

205. Completion of the considered plans would produce what may be con-
sidered a more favorable environmental condition than exists at present,
although some temporary adverse effect can be expected during construction
operations., There would be temporary adverse effects caused by turbidity
during dredging operations and nourishment of the beaches. However, the
turbidity created would be no worse than that caused by severe storms.
Turbid conditions would also occur in localized waters during periodic
nourishment of the beaches. The animal life which would be most affected by
the project would be the benthic invertebrates associated with the offshore
borrow and beach fill areas. Fishes would tend to be less affected by the
project than benthic organisms and seaside invertebrates. Further, the tem-
porary increases in turbidity which would occur would have short-term
effects since fish can avoid areas of high turbidity. The area bird popula-
tion should escape most of the adverse effects resulting from dredging

operations.

206. No rare or endangered botanical or zoological species are expected to
be adversely affected by the project. Although there are no known objects
of archeological or historical significance located within the borrow sites,
magnetometer surveys of both borrow areas will be made prior to project
construction, In summary, the selected plan of protection would insure the
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provision of additional beach for protecting existing property and for
recreational use. With the plans implemented, the general appearance of the
area will be improved, extensive public beach will be provided, and no per-
manent damage to the environment will ensue. Provisions will be required
for relocation of turtle nests should the construction occur during the
nesting season of May through October.

OTHER SOCIAL EFFECTS CONSIDERATIONS

207. The resulting advantages gained through provision of additional public
beach surface area would be enhancement of the quality and opportunities for
recreational experiences enjoyed by the public along Hutchinson Island while
providing for conservation of the shorefront as a natural resource.
Resolution of the problem of continued erosion along Jupiter Island's shore-
1ine would result in improved social well-being of shorefront property

owners.,
ENGINEERING CONSIDERATIONS

208. The selected plan for initial beach restoration and periodic beach
nourishment, as described in this report, represents the most practicable
and economical plan of improvement for the shorefront in Martin County.

It represents the most feasible project possible for the intended purpose,
maximizes net benefits, affords partial restoration, and maximizes conser-
vation and use of restored natural resources. For the remainder of the
county shoreline, the most desirable plan is the prudent development of the
natural coastal areas.

ECONOMIC CONSIDERATIONS

209. Based upon data available, study findings indicate under current
guidelines the proposed improvements represent the most practicable approach
to meet the needs of the study area and the study objectives. Lesser impro-
vements would not respond to the expressed desires of the local sponsor nor
would they provide a necessary level of protection consistent with for-

mulation of the NED plan,
NATIONAL INTEREST CONSIDERATIONS

210. The improvement proposed and described as the selected plan in this
report is based on thorough analysis and evaluation of various practicable
alternative courses of action for achieving the State and county objectives;

53



that wherever adverse effects are found to be involved they cannot be
avoided by following reasonable alternative courses of action which would
achieve the congressionally specified purposes; that where the proposed
action has an adverse effect, this effect is either ameliorated or substan-
tially outweighed by other considerations of national policy; that the
recommended action is consonant with national policy, statutes, and admi-
nistrative directives; and that on balance the overall public interest
should best be served by the implementation of the recommendations.

FLOOD PLAIN DEVELOPMENT

211, The considered improvements are within the base flood plain (100-year
flood). Relocation of the proposed project outside the flood plain would
not be possible or be responsible to the problems and needs of the study
area and was not considered further. A non-flood-plain alternative for the
potential development with the project would be to restrict all future deve-
Topment to those areas outside the flood plain or elevated above the flood
plain. A report on Flood Plain Information, Coastal Areas, Martin County,
Florida, was prepared in June 1973 by the Corps of Engineers. A study was
conducted for the Federal Insurance Administration to provide guidelines
for building codes in Martin County in order for buildings to meet criteria
for flood insurance. Potential flood plain development with the project
would be restricted as a result of local building ordinances and State law.
Any induced potential damage as a result of project implementation to
development within the flood plain would be minimal. The proposed project
complies with applicable State and local laws and regulations concerning
flood plain protection standards. The proposed project will have minimum
impact on the natural and beneficial values of the flood plain. In the
without project flood plain (that area immediately adjacent to the proposed
project), there will be minimal loss of natural resources due to project-
induced potential development. Implementation of the nonstructural com-
bination plan would minimize potential damage to or within the flood plain.
Local interests have adopted many parts of the nonstructural plan and are
considering others. Implementation of the nonstructural plan is a local
responsibility. Pertinent correspondence from involved agencies, groups,
and organizations is provided in appendix 3.

INSTITUTIONAL CONSIDERATIONS

212. The legal capability of the non-Federal sponsors, the Martin County
Board of Commissioners and the State of Florida, to assume non-Federal
responsibilities is specifically defined in State law. The county is a
State political subdivision, duly constituted the beach and shore preser-
vation authority for Martin County, with the authority to enter into
contract with the Secretary of the Army and to provide the non-Federal
requirements for implementing the selected plan.
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CONCLUSTIONS

213. 1 have given consideration to all significant aspects in the overall
public interest, including engineering feasibility, economic, social, and
environmental effects. The selected plan described in the report provides
the optimum solution for protection of the eroded shores of Hutchinson
Island within the framework of the formulation concepts.

RECOMMENDATIONS

PLAN FOR HUTCHINSON ISLAND

214, I recommend that beach erosion control improvements along the Atlantic
Ocean shore of Hutchinson Island, Martin County, Florida, be authorized for
Federal implementation, generally in accordance with the selected plan
(S-2A) described below, with such modifications as in the discretion of the
Chief of Engineers may be advisable, and subject to cost sharing and
financing arrangements satisfactory to the President and the Congress. The
first cost to the United States is presently estimated at $4,380,500 with
average annual periodic nourishment costs to the United States presently
estimated at $254,400.

215. Plan S-2A provides for initial beach fill and periodic nourishment
along 4 miles of shorefront at the northern most reach of Hutchinson Island
in Martin County. The initial beach fill would be comprised of 942,000
cubic yards of material which includes 8 years advanced nourishment. The
cross section of the beach fill would be comprised of a restored primary
dune with a 20 foot wide crest width at +12.5 ft., m.s.1., a berm 35 feet
wide at +8.0 ft. m.s.1. and seaward slopes of 1V:8.5 H to an elevation of
mean low water, then 1V:20 H to the existing bottom.

216, This recommendation is made with the provision that, prior to imple-
mentation, local interests will, in addition to the general requirements of
law for this type of project, agree to comply with the following require-

ments:

a. Provide without cost to the United States all necessary lands, ease-
ments, rights-of-way and relocations required for construction of the
project, including that required for periodic nourishment.

b. Hold and save the United States free from claims for damages which
may result from construction and subsequent maintenance of the project,
except damages due to the fault or negligence of the United States or its

contractors.

¢. Assure continued conditions of public ownership and use of the shore
upon which the amount of Federal participation is based during the economic
1ife of the project.
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d. Assure maintenance and repa1r during the economic life of the proj-
ect as required to serve the project's intended purposes.,

e. Provide and maintain necessary access roads, parking areas, and
other public use facilities, open and available to all on equal terms, and
as required to realize the benefits upon which Federal participation is
based;

f. Provide a cash contribution for beach erosion control equal to the
appropriate percentage of the final construction cost allocated to this
function, exclusive of lands, easements, rights-of-way, alterations, and
relocations, the percentage to be in accordance with existing law and based
on shore ownership at the time of implementation;

g. Provide a cash contribution for periodic nourishment during the use-
ful life of the project, such contribution to be made prior to each nourish-
ment, with the actual amount to be based on existing law and conditions of
ownership at the time of each nourishment;

217. "The recommendations contained herein reflect information available at
this time and current Departmental policies governing formulation of indi-
vidual projects. They do not reflect program and budgeting priorities
inherent in the formulation of a national civil works construction program
nor the perspective of higher review levels within the Executive Branch.
Consequently, the recommendations may be modified before they are trans-
mitted to the Congress as proposals for authorization and/or implementation

funding.
Z

CHARLES T M
Colonel, Corps o Eng1neers
District Engineer
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SUMMARY OF EFFECTS

Hutchinson Island
Beach Fill & Periodic

Jup1tter id
each Fini &

Nourishment Periodic
Nonstructural (P1lan S-2A) Nourishment (Plan S-28)
No Action Combination Plan NED & EQ Plan EQ Plan
A. Plan Description Do nothing Nonstructural Beach fill 21,100 Beach fill and
measures. feet along with periodic nourish-

B. Significant Impacts
1. National Economic
Development
a. Beneficial Impacts

(1) Average annual
damage prevented

(2) Average annual

beach recreation
benefits

{(3) Preservation of
natural resources

Total beneficial
b. Adverse Impacts

(1) Project first cost

(2) Annual charges

c. B/C Ratio

Beach erosion Beach erosion

continues, continues.
None Nonhe

None None

None None

None None

No commit- No direct
ment. commitment,

Storm damage Storm damage
continues. continues.

Tax and busi- Tax and busi-
ness revenues ness revenues
decline. decline.

periodic nourishment.

$1,080,800

$1,144,200

Dune and beach

restoration

$2,225,000

$9,521,000

$1,340,300

1.7

ment along 29,600
feet of shoreline.

$975,000

$103,400

$1,078,400

$20,794,000

$3,349,400

0.32
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TABLE 6 - Continued
SUMMARY OF EFFECTS

‘Hutchinson Island Jupiter Island
Beach Fi11 & Periodic Beach F111 &
Nourishment Periodic
Nonstructural (P1an S-2A) Nourishment (Plan S-2B)
No Action Combination Plan NED & EQ Plan EQ Plan
2. Environmental Quality
a. Beneficial Impacts Restore the natural Restore proective beach
protection of the and provide recreational
primary dune and space
(1) Beaches No effects No effects from beach and provide
from con- construction. recreational space
struction.
(2) Manmade resources* Protect structures Protect structures
from wave damage up from wave damage
to 40-year storm up to 10-year
surge level storm surge level
(3) Noise level changes* Slight de- Slight decrease Temporary increase Temporary increase
crease if if tourism drops. during construction during construction
tourism
drops.
(4) Public facilities* None Potential loss of Local interests pro- Local interests
recreational area vide parking and provide parking
and restrooms. beach access and beach access
(5) Security of life, None Miniﬁé] Reduce threat to Reduce threat to
health and safety health and safety
from erosion from erosion
(6) Tax changes* None None Increase tax base as Increase tax base

area develops

as area develops
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SUMMARY ™™ EFFECTS

(NED and EQ PTan) (EQ Pla...
Beach Fi1l & Periodic Beach Fill &
Nourishment Periodic
Nonstructural (Plan S-2A) Nourishment (Plan S-2B)
No Action Combination Plan (Hutchinson Island) (Jupiter Island)
A. Plan Description Do nothing Nonstructural Beach fill 21,100 Beach fill and
measures. feet along with periodic nourish-

periodic nourishment. ment along 29,600
feet of shoreline.

B. Significant Impacts Beach erosion Beach erosion
continues. continues.

1. National Economic
Development

a. Beneficial Impacts

(1) Average annual None None $1,080,800 $975,000
damage prevented

(2) Average annual

beach recreation None None $1,144,200 $103,400
benefits

(3) Preservation of None None Dune and beach -
natural resources restoration

Total beneficial None None $2,225,000 $1,078,400

b. Adverse Impacts

(1) Project first cost No commit- No direct $9,521,000 $20,794,000
ment. commitment.
(2) Annual charges Storm damage Storm damage $1,340,300 $3,349,400
continues. continues.
¢c. B/C Ratio Tax and busi- Tax and busi- 1.7 0.32

ness revenues ness revenues
decline, decline.
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TABLE 6 - Continued
UMMARY OF EFFECTS

b.

Hutchinson Island Jupiter Island
Beach Fi11 & Perjodic Beach Fi11 &
Nourishment Periodic
Nonstructural (Plan S~2A) Nourishment (Plan S-2B)
No Action Combination Plan NED & EG Plan EQ Plan
(7) Esthetic values* None Locating new Wider, more attrac- Wider, more attrac-
structures in tive beach with plan tive beach with plan
compliance with
criteria would
benefit all by
Timiting con-
struction impact
on dunes
(3) Natural resources* Loss of Locating new Place 942,000 cubic Placement of 2,318,000
valuable structures in yards of sand on cubic yards of sand
shorefront compliance with beach initially and 221,000
with conti- criteria would of average annual
nued ero- benefit all by nourishment
sion limiting impacts

Adverse Impacts

(1) Beach

(2) Air quality*

Erosion will
continue
with re-
sultant loss
in developed
reaches

No effect

oh dunes

Erosion will
continue with re-
sultant loss of
beachés in devel-
oped reaches

No effect

Temporary disruption
of beach recreation
during construction

No significant
decrease due to
construction

Temporary disrup-
tion of beach
recreation during
construction

No significant
decrease due to
construction



TABLE & continued
SUMMARY OF EFFECTS

09

Hutchinson Island Jupiter Island
Beach F1 Periodic Beach F111 &
~ Nourishment Periodic
Nonstructural (P1lan S-2A) Nourishment (Plan S-28)
No Action Combination Plan NED & EQ Plan EQ Plan
(3) Noise level changes* None Increase due to larger Increase due to larger
crowds and more crowds and more
traffic traffic
(4) Water quality* No effect Temporary turbidity Temporary turbidity
during construction during construction
and maintenance and maintenance
(5) Manmade resources* Highways, Highways, build- Increases possibility Increases possibility
buildings, ings, and beach of further develop- of further develop-
& beach facilities sub- ment in beach areas ment in beach areas
facilities ject to damage
subject to as beach erodes
damage as

(6) Natural resources*

(7) Esthetic values*

beach erodes

Continued
erosion

Continued
erosion; re-
Tocation &
modifica-
tion may af-
fect views
in area

Continued erosion

Continued erosion;
relocation and
modification may
affect views in
area

Temporary adverse ef-
fects on beach and
offshore borrow

area

Temporary unsight-
Tiness during con-
struction and
nourishment

Temporary adverse ef-
fects on beach and
offshore borrow

area

Temporary unsight-
Tiness during con-
struction and
nourishment
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TABLE 6 - Continued
SUMMARY OF EFFECTS

Hutchinson lsland
Beach Fi1] & Periodic

Jupiter Island
Beach F111 &

Nourishment Periodic
Nonstructural (P1an S-2A) Nourishment (Plan $-2B)
No Action Combination Plan NED & EQ Plan EQ Plan
(8) Biological resources* None None Temporary disruption Temporary disruption

(9) Public facilities*

{10) Public services*

(11) Noise level change*

of beach ecosystems

Possible loss of
benthic community
in work areas

Temporary disruption
of fishing during
construction

New species should re-
establish in borrow

area

Potential None Beach access and

loss of public facilities

recreation necessary for realiza-

areas tion of project bene-
fits

None None Some potential for

increased need for

- water supply, sewer
service, and other
utilities as area
continues to develop

None None Temporary increase
during construction

Increases as crowds
and traffic increase

of beach ecosystems

Possible loss of
benthic community
in work areas

Temporary disruption
of fishing during
construction

New species should
reestablish in borrow
area

Beach access and
public facilites
necessary for realiza-
tion of project
benefits

Some potential for
increased need for
water supply, sewer
service, and other
utilities as area
continues to develop

Temporary increase
during construction

Increases as crowds
and traffic increase
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TABLE ¢

antinued
SUMMARY OF EFFECTS

No Action

Nonstructural
Combination Plan

Hutchinson Island
Beach F111 & Periodic
Nourishment
(Plan S-2A)
NED & EQ Plan

Jupiter Island
Beach F111 &
Periodic
Nourishment (Plan S-2B)

EQ Plan

(12) Tax changes*

3. Regional Development

4, Social Well-Being
a. Beneficial Impacts

(1) Community cohesion*

(2) Employment*

(3) Property values*

None

None

None

Continued
erosion
causes job
availability
in beach
areas to
diminish

Possible de-
cline in
project area

Expenditure for proj-
ect construction and
maintenance

Increase expenditure

for public facilities
and services as area

develops

Expenditure for proj-
ect construction and
maintenance

Increase expenditure
for implementing plan

(Not displayed; major impacts are indicated under the other three

accounts.,

Only major concern relating to this account is the

maintenance of the tourist bsae economy which is accomplished
by providing an improved beach.)

None

Continued erosion
causes job avail-
ability in beach

areas to diminish

Possible decline
in project area

Increase leisure
opportunity

Some jobs during
construction

Job availability
increases as area
develops

Stabilized beach
should enhance beach-
front perperty values

Increase leisure
opportunity

Some jobs during
construction

Job availability
increases as area
develops

Stabilized beach
should enhance
beachfront prop-
erty values
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TABLE 6 - Continued
SUMMARY OF EFFECTS

No Action

Nonstructural
Combination Plan

Hutchinson Isliand

Beach Fi11 & Periodic

Nourishment
(Plan S-2A)
NED & EQ Plan

“Jupiter Island
Beach Fil1 &
Periodic
Nourishment (Plan S-28)

EQ Plan

bl

(4) Community growth*

(5) Regional growth*

Adverse Impacts

(1) Security of life,

health and safety

(2) Community cohesion¥

Continued
erosion
would inter-
fere with
present
growth trend

Loss of
beach oppor-
tunity will
affect pres-
ent growth
trends

Continued
erosion will
increase
threat to
health &
safety from
flood &
wave damage

Patterns of
social and
economic
cohesion
will be al-
tered by
continued

erosion

Continued erosion
would interfere
with present
growth trend

Loss of beach
opportunity will
affect present
growth trends

Continued erosion
will dincrease
threat to health
and safety from
flood and wave
damage

Patterns of social
and economic co-
hesion will be
altered by con-
tinued erosion

Present growth trends

would be enhanced

Enhance businesses
along highways
Teading to beaches

Contributes toward
the feeling of
security and
safety

Shift in community
pattern as condo-
minimum residents
become more preva-
lent

Present growth trends
would be enhanced

Enhance businesses
atong highways
leading to beaches

Contributes toward
the feeling of
security and
safety

Majority of con-
cerned residents
become involved
with plan imple-
mentation



TABLE 6 - Continued
SUMMARY OF EFFECTS

Hutchinson Island
Beach Fil1l & Periodic

Jupiter island
Beach Fil1 &

¥9

No Action

Nonstructural
Combination Plan

Nourishment
{Plan S-2A)
NED & EQ Plan

Periodic

Nourishment {Plan S-2B)

EQ Plan

Displacement of

Some will be

Some will be

As value of prop-

As value of prop-

people* forced to forced to move as erty increases, erty increases,

move as ero- erosion continues many owners may many owners may
sion conti- sell and move se11l and move
nues

{(4) Tax change* Decline in Decline in tax Local contribution Local contribution
tax base as base as property for construction for construction
property values decrease and maintenance and maintenance
values de-
crease

(5) Property values* Decrease as Decrease as Enhanced due to Enhanced due to
erosion con- erosion continues additional shore additional shore
tinues protection and protection and

recreational beach recreational beach
(6) Displacement of Continued Continued erosion  Attraction for Attraction for
businesses* erosion will will force some business invest- business invest-

force some establishments to ments ments
establish- move
ments to move

(7) Community growth* Loss of Loss of beach will Encourages develop- Encourages develop-
beach will retard present ments in areas ments in areas
retard pres- growth trends near restoration near restoration
ent growth
trends

(8) Public facilities* Continued Continued erosion  Additional facili- Additional facili-
erosion eventully affects ties required to ties required to
eventually available facili- develop beach use develop beach use
affects ties benefits benefits
available

facilities



g9

(98 yduen “AdY)

TABLE 6 - Continued

SUMMARY OF EFFECTS

No Action

Nonstructural
Combination Plan

Hutchinson Island
Beach Fill & Periodic
Nourishment
(PTlan S-2A)
NED & EQ Plan

Jupiter Island
_BéaPTF’mT
Periodic
Nourishment (Plan S-2B)
EQ Plan

C.

1.

2.

P1

a.

a.

an Evaluation

Contributions to Planning

Objectives

Provide recreation beach

Protection from flood-

ing and wave damage

Beach erosion control

Protection of tourist
based economy

Relationship to Four
National Accounts

NED Account

Protection
decreases
as erosion
continues

Erosion
continues

No protec-
tion

Most adverse
impact. No
capital out-
lay for con-
struction,
but damages
continue

In developed
reaches, beach
width diminishes
as erosion con-
tinues

Protection de-
creases as erosion
continues

Erosion continues

No protection

Most adverse
impact. No cap-
ital outlay for
construction, but
damages continue

Provides adequate
recreational beach

Protects against
erosion damage

Erosion effects
offset

Provides effective
protection for
economy

Annual net benefit
equal $884,700

Provides adequate
recreational beach

Protects against
erosion damage

Erosion effects
offset

Provides effective
protection for
economy

No net annual
beneftis
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TABLE ¢

.ontinued
SUMMARY OF EFFECTS

No Action

Nonstructural
Combination Plan

Hutchinson Isltand
Beach Fill & Periodic
Nourishment
(P1an S-2A)
NED & EQ Plan

Jupiter Island
Beach Fil1 &
Periodic
Nourishment (Plan S-2B)

EQ Plan

b. EQ Account Erosion and

storm
damage con-
tinues

c. SWB Account Most ad-

verse im-
pacts. Con-
tinued ero-
sion will
force per-
sons and
businesses
to move, de-
crease
beachfront
property
values, re-
tard growth

d. RD Account

3. Plan Response to Associated
Evaluation Criteria

Erosion and storm
damage continues

Most adverse
impacts. Con-
tinued erosion
will force persons
and businesses to
move, decrease
beachfront prop-
erty values,
retard growth

Has intermediate
temporary adverse
effects during con-
struction and sub-
sequent maintenance
and nourishment.
Intermediate bene-
ficial effect from
wider beach

Intermediate bene-
ficial effect.
Increased property
values, job oppor-
tunity, leisure
opportunity. Minor
adverse impacts.

Not evaluated - see comment under Item No.

Has intermediate
temporary adverse
effects during con-
struction and sub-
sequent maintenance
and nourishment.
Intermediate bene-
ficial effect from
wider beach

Intermediate bene-
ficial effect.
Increased property
values, job oppor-
tunity, leisure
opportunity. Minor
adverse impacts.

B.3.



L9

TABLE 6 - Continued

SUMMARY OF EFFECTS

No Action

Nonstructural
Combination Plan

Hutchinson Island
Beach Fill & Periodic
Nourishment
(Plan S-2A)
NED & EQ Plan

Jupiter Island
Beach F1ll &
Periodic
Nourishment (Plan S-2B)

EQ Plan

a.

C.

d.

Acceptability

Completeness

Effectiveness

Efficiency

Unacceptable
to local
interests

No invest-
ments or
actions
necessary

Does not
adequately
address
problems &
needs of
area. Does
not meet
planning
objectives.
Overall im-

pact adverse,

Not
efficient

Unacceptable to
Tocal interests

No investments or
actions necessary

Does not adequately
address problems
and needs of area.

Does not meet plan- adequately.

ing objectives
Overall impact
adverse

Not efficient

Acceptable to
beach interests

A1l necessary
actions included

Technical aspect

adequate. Meets
planning objectives
Overall

impact beneficial

Plan meets planning
objectives. EQ out-
put higher than other
plans considered for
the area

Acceptable to
beach interests

A1l necessary
actions included

Technical aspect
adequate. Does
not meet NED
objectives

Technical aspects
adequate
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SUMMARY OF EFFECTS

No Action

Nonstructural
Combination Plan

Hutchinson Island
Beach F1il & Periodic
Nourishment
(P1an S=-2A)
NED & EQ Plan

Jupiter . d
Beach F11:1 &

Periodic

Nourishment (Plan S-2B)

EQ Plan

e. Certainty

f. Reversibility

Implementing Responsibility

Will not
achieve any
planning
objectives
since they
were formu-
lated to
counter
these
effects

Could be
reversed at
any time by
implement-
ing beach
nourishment
except for
structural
damage in-
curred in
interim

None

Will not achieve
any planning ob-
jectives since
they were formu-
lated to counter
these effects

Could be reversed
at any time by
implementing beach
nourishment, except
for structural
damage incurred in
interim

None

If implemented, this
plan would meet
objectives as indi-
cated under "effec-
tiveness." The plan
would also meet NED
and EQ output as
indicated under
"efficiency." If
erosion rate is
higher than esti-
mated, NED output
would be lower than
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