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PREFACE

This report presents thimdings of a taskorce review of the U.S. Armgorps of EngineerShoreline
Protection and Beach Erosion Control Pamgr The assessment of the program was in response to Fiscal
Year 1994*Passback Language” from ti@ffice of Management and Budget. Tieport responds to
concernsabout theshoreline protectioprogram particularly concerning costs, benefits, environmental
effects and the related influences on shoreline development.

The study was performed in two phases. The initial phase was completed in January 1994 and published
as IWR Report 94-PS-1, Shoreline Protection and Beach Ef@simnol Study, Phase I: Cost Comparison

of Shoreline Protection Projects of the U.S. Ar@wyrps of EngineersThe purpose of thigrst phase

report was to provide early input to the Office of the Management and Budget regarding the scope and cost
of Federal Civil Works shore protection.

This second andinal phase of the study incorporates: additioaalysis ofproject costs and sand
emplacements; and overview of risk management in the coastal zone; a comparison of actual versus
anticipated benefits; a discussion on environmental considerations; amthlgsis of anyinduced
development effects associated with the Federal shore protection anétwsazh control program. Also,
included is a summary of study findings and conclusions.

The basis of thiseport and the data compiled by the task force reflects conditions adulyf11993.
Subsequent to completion of the final draft report in June 1995, certain of the data were updated to reflect
costs and status of projects and studies as of Oci®®. This update is reflected in Chapter 4,
Paragraph | “Addendum.” As appropriate, the Executive Summary and Chapters 1 and 8 also reflect this
update.
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EXECUTIVE SUMMARY

A. INTRODUCTION

This report represents the integrated results of a two-phase study performed by the U.S. Army Corps
of Engineers (Corps) in response to a March 1993 request by the Office of Management and Budget
for the Army to analyze the effectiveness of the Federally sponsored shore protection program. The
first phase effort defined the scope of the Federal shore protection program, including a comparison
of actual and estimated quantities of sand used in the restoration and subseqgusimmnent of
projects, a comparison of actual and estimated project costs, and a projection of future costs. This
Phase | effort wapublished in January 1994 as IWReport 94-PS-1ShorelineProtection and

Beach Erosion Control Study, Phase I: Cost Comparisorooéfte Protection Projects of the U.S.

Army Corps ofEngineers The second phase effort focusedbemefits ofthe shore protection
program, the associated environmental effects, and the question of whether or not shore protection
projects induce development in coastal areas. Itrafswed the analysis onproject costs and
analyzed Federal programs that are involved in risk management in the coastal zone. The basis of this
report is a June 1993 survey of Corps otivis and districts and, except as noted, the data presented
herein is current as of 1 July 1993. There is no funding mechanism to maintain a national data base
of Federal shore protection projects.

B. FINDINGS AND CONCLUSIONS

The findings and conclusions are organized into the following six paragraphs; comparison of projects
costs,comparison of sand quantities, benafialysis, analysis ahduced developmentlevel of
protection, and environmental effects.

1. Comparison of Project Costs

Finding: The Corps has constructed 82
specifically authorized shore protectior}| conclusion : From a cost performance

projects. Of these 82 projects, 26 Wele gtandgnoint, the shore protection program
authorized in the 1950s and 1960s and wqf&,2s  peen effectively managed

deleted from detailed comparison because: th Yonsidering the highly variable

were small in scope and cost; would have begn,\vironment. with total program costs

included in the Continuing Authorities being slightly less than estimated.
Program, had it been in effect at that time; qf,

there wasinsufficient data available. The
analysisfocused on theemaining 56 large
projects protecting a totahoreline distance @bout 210miles. The cumulative funds expended

between 1950 and 1993 on these 56 large shore protection projects have been $670.2 million, with
the Federal share of $403.2 million. These actual expenditures were adjusted to 1993 price levels.

|
vii



EXECUTIVE SUMMARY

The procedure used for this adjustment involved the volumes of sand placed and the current cost in
each area for obtainingansporting, and placing the sand at the respective project sites. Structural
costs were adjusted lgeans othe Engineering New&ecordConstruction Costndex. When
adjusted to 1993 price levelhiese Federal antdtal costs arerespectively $881.0million and
$1,489.5million. If all project costsvere adjusted using only the Construction Cost Index, the total
cost in 1993 dollars would be $%,7.3 million. These expenditures are shown below, disaggregated

by type of protective measure.

Total Expenditures Adjusted to 1993 Prices, Shore Protection Program (1950-1993)

Type of Measure Federal Cost Federal Share Total Cost
($ million) (%) ($ million)
Initial Beach Restoration 426.0 58.3 730.4
Periodic Beach Nourishment 270.9 64.4 420 4
Structures 153.9 49.9 308.
Emergency Measures 30.2 100.0 30.1
Total 881.0 59.1 1,489.

Expected futurexpenditures associated with thesecbstructed projects are $50%5ndlion in

1993 dollars. These expenditures will be spread approximatelythe next 50 yearsintil their
individual project authorizations expire. If it is assumed that all authorizations are extended until the
year 2050, the future Federal expenditurellddoe about $880 million in 1993 dollars, or about $17
million per year, and the total expenditure would be about $1,500 million in 1993 dollars, or about
$30 million per year.

An update of these costs1895 dollars was performed by assuming a 3 percent inflation factor for
both 1994 and 1995. In this computation, the total cost becomes $1,580.2 million in 1995 dollars.
Next, assuming a $3gillion yearly cost (inL993 dollars), foboth 1994 and 1995, the total program
cost, adjusted to 1995 dollars, becomes $1,642.9 million. This extension of total program costs to
1995 is summarized below.

Total Actual Expenditures for 56 Large Projects 1950-1995

ltem 1950-1993 A 94 (1] A 95[1] Total 1995
$ million $ million $ million $ million
56 large constructed projects 1,489.5 44.7 46.0 1,580.2
Future costs [2] 30.9 31.8 62.7
Total 1,489.5 75.6 77.8 1,642.9

Footnotes:
[1] Assumes a 3 percent inflation factor per year for 1994 and 1995.
[2] Assumes a $30 million per year cost in 1993 dollars.

I EEEEEEEE——
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EXECUTIVE SUMMARY

At the time of the 1993urveythere were 26 projectshich were Isted as under construction,
authorized/awaiting initiation of construction, or in the preconstruction engineering and design stage
Total expenditures over a 50-year period for these potential projects are estimated at $2,055.3 million
1993 dollars. Based on current csisaring of 65 percent Federal, the Federal share of this expense
would be $1,259.million. The V95 update of these categories showed a total of 31 projects with

a total cost of $3,316rillion in 1995 dollars and Bederal cost of $2,195.5 million in 1995 dollars.

For this Federal cost, the actual projected cost sharing formula was used. The actual Federal share

varied from a low of 13 percent to a high of 100 percent. The actual average Federal share was 66
percent.

When comparingctual costsvith the preconstruction estimates for thece@structed projects,

certain projects could not be included in the totals due to the unavailability of complete cost data or
becausethe constructed projediffered significantly from that envisioned #te time of the
preconstruction estimate. Thus, while 49 of the 56 projects involve initial beach restoration, only 40
could be compared. The following table shows actual costs and estimated costs at the program level.

Comparison of Actual to Estimated Costs at the Program Level -
by Type of Construction Measure

Type of Measure Number of Actual Cost Estimated Costt Percent Differgnce
Projects Included ($ million 1993) (% million 1993) Between Actual and
In Totals Estimate

Initial Restoration 40 652.4 660.0 1
Periodic Beach 33 389.9 431.6 (-) 10
Nourishment

Structures 35 298.6 311.4 ()4
Total 1,340.9 1,403.0 ()4

At the individualprojectlevel, there wasconsiderablymore variation between actuabsts and
estimates, but the data revealed that nearly equal numbers of projects had underestimated costs as had
over estimated costs. Project cost performance was better for large projects (costs greater than $50
million) thanfor small(under $10million) andmediumprojects. Performance was atgenerally

better for more recent projects than for those designed and constructed 20 or more years ago.

2. Comparison of Sand Quantities

Finding: Beach fill projects were also assessed in terms of the quantity of sand placed, a yardstick
independent of such factors as price levels and inflation. Of the 56 projects included in this study, 49




EXECUTIVE SUMMARY

involved initial beaclrestoration and 4thvolved periodic nourishmentThe totalsandvolume
placedfor these projects was 189riillion
cubic yards (110.6illion cubic yards for initial
restoration and 79.million cubic yards for || Conclusion:  From the standpoint of
periodic nourishment). As with the comparisgp estimated sand volume emplacement,
of costs, theanalysiswas restricted to those]| the shore protection program has
projects having adequatedetail onboth the || performed well within acceptable limits,
estimated and the actual quantify of sand uggconsidering the highly variable and
over time. The results ahe analysis are || dynamic nature of coastal shorelines,
shown inthe following table. While initial || with overall quantities being slightly
restoration sand quantities werery close to || more than estimated.

the estimates, periodic nourishment sae
volumes exceed estimates by 12 percent. For

the program as a whole, actual volumes of sand were 5 percent higher than estimated, even though
total costs were slightly lower.

Comparison of Actual to Estimated Volumes of Sand at The Program Level -
by Type of Construction Measure

Type of Measure Number of Projects Actual Volume of Estimated Volume Percent Diffefence
Included in Totals Sand of Sand Between Actual and
(million cu. yds.) (million cu. yds.) Estimated
Initial Restoration 39 94.5 93.7 (+)1
Periodic Beach 33 72.5 64.7 (+) 12
Nourishment
Total 167.0 158.4 (+)5

At the individual project level, there was considerable variation in the percentage differences between
actual and estimated quantities of sand, and the data reflected that projects were almost evenly split
between overestimated and underestimated sand volusnesl projects received, on average, 8
percentess sand than estimatededium pojects received, on the average, 34 percent more sand
than estimated, and large projects required, on average 4 percent less than estimated.

3. Benefit Analysis

Finding: Benefits ofshore protection projectsll into threemajor categoriesstorm damage
reduction, recreation, and other. Projects designed and evaluated prior to 1964 contained significant
proportions of both storm damage reduction benefits and recreation benefits. From 1965 to 1979,
most projects were justified primarily on the basis of recreation benefits, while storm damage benefits
were not evaluated in detail. During the 1980s a reversal occurred as a consequence of changes in
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Administration budgetary priorities and in th
new project formulation rules ahe Water
Resources Development of 1986. The result

these changes was to establish hurricane i
storm damage reduction as the basis for Fedg

participation in shor@rotection projects. As
a result, thetypical 1990s shore protectio
project has 73 percent of itenefits in the
storm damage reduction category and
percent in the recreation category.

In contrast to the_actualost of a project,
“actual benefits cannot bedirectly measured,
and must be derived from econonmwodels

Conclusion: The major benefit ofshore
pfprotection projects is the reduction of sto
dlamages, with recreation benefits compri
ah significantproportion of totalbenefits.
Tracking actual benefits of shore protecti

projects is difficult. Historically, funding ha
not been provided to perforipost-storm

psurveys of beach nourishment arg
Therefore, Corps districts havedn unable
to measure project performance
completed projects.

because dfhe stochastic nature of stormElevenprojects were selectedhich had such models
available and, in most cases, had several years of operating data. The storm damage reduction benefit

comparison for these 11 projects is summari

zed below.

Storm Damage Reduction (Sdr) Benefits Comparison For 11 Projects

Category Number Average Years Average Average Average Percg
of Projects| Projects Have Actual Predicted SOR Difference Betw
Been in Place SDR Benefit Benefit (avg Actual and Predi
(avg. annual annual
$ million) $ million)
Actual SDR 6 12.2 9.2 5.6 + 92
Benefits Higher
Actual SDR 5 20.8 2.2 4.4 -54
Benefits Lower

ben
ted

Of the 11 projects evaluated, six had actual storm damage benefits higher than expected and five had
actual storm damage benefits lower than expected. Projects which had storm damage benefits higher
than expected tended to have experienced several severe storms. Some projects have simply not been
subject to severe storms and, hence, mateébeerable todemonstrate their damage prevention

capabilities.

4. Analysis of Induced Development

Finding: Economic theory suggedtsat shore protection projects have the potential to generate
different types of induced development including: additialesielopment that increases total beach
development; relocatedevelopmenthat shifts to the shore from more protected inland locations;

Xl
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and _relocateddevelopmentthat moves from
unprotected beachfront areas to the newly proteg d:onclusion: Corps projects have beg
area. If induced development relocated frogn found to have no measurable effect [gpn
unprotectedeachfront areas @gnificant, then | development, and it appeatisat Corps
development idikely moving fromareas where §| activity has little effect orthe relocation
expected damage is high to those where it is Iqv.and/or  construction decisions  of
This type of relocated development results inf developers, homeowners, or housifig
“bonus” of extra reduction in expected damag investors.
beyond that which would be calculated based
the initial level ofdevelopment in therotected
area. It also serves to justify even more beach protection and a higher “level of protection.”

The theory was tested and empirical research carried out in conjunction with this study on induced
development in coastline arem&luding a survey ofesidents andwo econometric studies of
beachfront development. The following findings can be drawn from this work.

a. There idimited publicawareness; of the Federal shore protection program, where Federal
projects currently exist, anthat the Corpsas been involved in reducing risksough project
construction.

b. The presence of a Corps projéets little effect on new housingroduction. The
econometric results presented imply that general economic growth of inland communities is sufficient
by itself to drive residential development of beachfront areas at a rapid pace. The statistical evidence
indicates that the effect of the Corps on induced development is, at most, insignificant, compared to
the general forces of econongmowthwhich arestimulating development ithese areasnany of
which areinduced through other municipal infrastructure developments such as roads, wastewater
treatment facilities, etc.

c. The results presented for beachfront housing price apprecagoconsistent with the
findings fromthe moregeneral econometric model of realtate development in beachfront
communities. The increasing demdnd beachfront development can be directed related to the
economicgrowth occurring ininland areas. There is no observalignificant effect on the
differential between price appreciationimandand beachfront areas due to Cospsivity. The
housing price study coulshot demonstrate that Corps shore protection projauflsence
development. Corps activity typically follows significant development.

5. Level of Protection

Finding: The term“level of protection” isgenerally acgeted by thepublic because of its
longstanding usage the Corps andther water resourcesgencies foiinland flood damage
reduction projects and because it israpte way of describinghe magnitude of a storm diood
event (wind, waves, storm surge height, etc.). Henopeaific numerical measure lavel of

Xii
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protection for shore protectio
is difficult to estimate since thefj| Conclusion: The Corpscurrently uses a number

returnperiods (recurrenceintervald)| approaches for developing design storm events. The se
are assigned to each measuralfe approach is based on project scope, availablility of data
characteristic of a storm level of resources. Therefore, the term "level of protect
including maximum  winds, | is not appropriate for a shore protecion project; instead,
radius of maximum winds, | of design storm events is used to evaluate the (
pressure deficitstrack of the J| effectiveness of design alternatives. Projects are desigr|g
storm and duration. perform under a continuum of different conditions.

6. Environmental Effects

Finding: Beaches lost toatural erosion, as well as beaches that are protected through a variety of
structural measures (both hard and soft), have

associated environmental changes. Mgt
fishes and other motile nearshore animals hgyeConclusion: Beach restoration and periodfc
the ability to migrate from a disturbed|| nourishment isthe mostenvironmentally
environment. Marine bottom communities off desirable shore protection alternative.
most high-energy beachegcover rapidly
whendisturbed, although recovery rates may

be slower for more sensitive and slower reproducing taxa, for animals covered by increased sediment
depth, for greater changes in particle size, and for nourishment projects in colder climates. Selected
marine organisms such as oysters, clams, sea grasses, mangroves, and corals are particularly sensitive
to excessive turbidity, sedimentation, and digotsicalalteration. Sea turtles can affected by

burial of their nests and by compaction of sand on their nesting beaches.

These environmental and biological changes caused by shoreline protection activity can be mitigated
by selection of certain management practices. A suction dreifigeut a cutter heatlas less
potential forinducing physicablamage and turbidity Borrow material is selected to match the
existing beach, and is placethe intertidal area durindall and winter to avoid sea turtteesting
disruptions. When finer material must be used, it is overfilled with a layer of medium-coarse sand.
Compacted sand is softened by tiling the beach. Blowing sand is stabilized by using dune plantings.
All Corps studies and projects go througktensive coordination with Federatate,and local
agencies to assutbat all environmental concerrsre addressed. Theapacts ofconstruction
activities associated with hasthore protection structures aienilar totheimpacts ofotherland-

based construction activities. Tipeimary long-term impacts ofiard structural projects are
associated with their effect on shore processes.

Xiii
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CHAPTER 1 - INTRODUCTION

A. AUTHORITY

This report has been prepared in response to the Fiscal Year 1994 budget "Passback Language" from
the Office of Management arBudget. In the passback, ttdfice of Managemenand Budget
requested that the Army initiate a shoreline protection and beach erosion study. Specifically, it was
requested that:

"Army should conduct an analysis of the economic and environmental effectiveness of
storm damage protection projects. The study should seek to compare and contrast the
estimates of project benefits, costs, and environmental effects with current and projected
conditions. The study should include a comparison of the anticipated and actual level of
protection as well as an analysis afy induced development effects. The Office of
Management and Budget should be consulted throughout the study process."

B. PLAN OF STUDY

This investigation applies tall Congressionally authorized éederallysponsored studies and
projects for shoreline storm damage protection and beach erosion control within the related program
administered byhe U.S.Army Corps ofEngineergCorps). Included areall beach nourishment
projects (with and without groins) and sand bypassing operations as well as any other hard structures
(seawallspreakwaters, groingtc.) that werelesigned for shore protection and/or storm damage
reduction. The study was completedwo phases. The Phase | effort concentrated on gathering
information related to project costs; i.e., the past and fufederal and non-Federtalnding
commitments for the shore protection program. The first phase alsmedaime locations and types

of shore protection projects being constructed and studied the miles of shoreline being protected by
those projects. Data for this effort was collected through a comprehensive questionnaire (Appendix
A) completed by the 22 Corps division and district offices having shore protection responsibilities.
The information on Corps projects and studies listatligreport isbased on the results of this
guestionnaire. Subsequent to completion of the final draft report in June 1995, certain limited data
were updated to reflect October 1995 conditions. Accordiegept as noted, all data in the report

is current as of July 1993. Thdirst phase effort was published in a January 1994 report entitled
ShorelineProtection and Beach Erosion Control Study, Phasé®st Comparison of Shoreline
Protection Projects of the U.S. Army Corps of Engineditse second stage effort concentrated on

an analysis of risk managementtre coastal zonegdditional analysis ofosts; a comparison of
anticipated and actual benefits tbe projects; amanalysis of anynduced development effects;
environmental aspects of shore protection projects; and findings, conclusions and recommendations.
This final reportintegrates information contained the Phase Report aswell as all of the
information developed in Phase II.
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C. TASK FORCE

1. Shoreline Protection and Beach Erosion Control Task Forkel5 membertask force
comprised of experts in shore protection from the Bu&y Corps ofEngineers Headquarters
(HQUSACE),the NorthAtlantic andSouthAtlantic Divisionand District officesthe Waterways
Experiment Station, and the Water Resources Support Center, (Appemndis Bytablished to assist

in this study effort. The task force welsaired bythe Policy Development Branch dfie Policy

Review andAnalysis Division ofthe Directorate o€ivil Works, HQUSACE. The task force was
formed to assist in the development of the detailed questionnaire, collection of cost data, refinement
of benefit assessment and induced development methodologies, selectiojeait govdetailed

review, provision ofdataand analyses dhe effectiveness oftorm damage protection projects,
analysis of induced development effects of projects, and to meet on an as-needed basis to coordinate
and review the effort. The task force met on three occasions in 1993 (2-3 June, 9-11 August, and
4-5 November) and also on three occasions in (894 February, 11-12 May and 12-13 October).

All of the meetings were held at the Water Resource Support Center, Alexandria, Virginia except for
the February 1994 meeting which was held in Jacksonville, Florida.

2. Subcommittee on Induced DevelopmeAtsubcommittee of Corps personnel was formed to
assist the main task force in the area of induced development. This subcommittee (Appendix B) met
on twooccasions; in Jacksonville, Florida on 6 January Htiflat the Water Resources Support
Center,Alexandria, Virginia on 1March 1994. Theubcommittee on induced development also
reviewed the efforts of contractors hired to assist in the effort.

D. BRIEFINGS

Briefings of the Acting Assistant Secretary of the Army for Civil Works (ASA(CW)) and the Office

of Management and Budget (OMBgcurredperiodicallyover the course of the study. In 1993,
there were three briefings of the Acting ASA(CW). These were on the first phase effort and occurred
on 7 May, 21 September, and 10 November. There were also two briefings in 1993 of OMB on the
Phase | Report. These occurred on 1 June and on 23 Decembercddpmetion of thdinal

report, the Acting ASA(CW) was briefed on 1 August 1995 and OMB on 30 August 1995.

E. REPORT SUMMARY
A brief summary of this report is contained in the following paragraphs.

Chapter Aescribesow the shore protection program of the Cdras evolvedver theyears in
direct response to devastating coastal storms and subsequent Federal legislation. The chapter also
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shows that the Federal shore protection programiner with respect to the nationtsitically

eroding shoreline. The different types of project purposes and project features of the shore protection
program are described. Because ofrtiieor costand benefit impacts withithe overall Federal

shore protection program, coverage of the projects within the Continuing Authorities Program and
the SmallScope Specifically Authorized Projects, is confined to Chapter 2. Finally, the operation,
maintenance, and monitoring aspects of shore protection projects are covered in this chapter.

Chapter 3 presents the demographics of the coastal zonegandral overview oéll the major

Federal programmvolved in risk management the coastal zone. Includedthis chapter are; a
detailed overview of thplanningand economic evaluation principles and practihasguide the

Corps planning studies for shore protection projects, discussions of the term "level of protection” and
how this term in shore protection projects differs from the same term in inland flood control projects,
the engineering aspects of bealtharid nourishment, and the ingia on shoreline projects of climate
change and sea level rise.

Chapter 4 gets to the heart of the Corps shore protection program thrdagtiledanalysis of

project costsand quantities of sand used in beach nourishment projects. Rogtstardirst

provided "as built" and then updated to 1993 price levels. A discussion of the unique "current cost
of sand" method ofupdating thecost of beach nourishment ancestoration isdescribed.
Comparisons arenade between estimatemstsand actualcosts by projeceand by type of
construction measure, i.@njtial restoration, periodic, and structures.statisticalanalysis at the
programleveland by projecsize is also presented in this chapter. Realizing that many factors are
present in trying to update costs, a comparison of actual versus estimated sand placement was also
made and is presented in tolsapter. Comparisorsmilar tothosemade forcosts arenade for
guantities of sand. And finally, the future cost of the Federal shore protection program is discussed
in terms of presently completed projects as well as those that are authorized awaiting construction
and those in the preconstructiengineering and desigtage. Araddendum has been added to
Chapter 4 to incorporate the data collected in October 1995.

Chapter 5 presents the typesbaefitsattributed to shore protection projects and beaefit
estimation procedure. Expected average annual benefits of each of the projects are given. Because
Corps shore protection projects are not, in general, examined in detail for after storm benefits (as are
inland flood control projects) very little is know about "actual” benefits. What "actual" benefits are
shown, are developed through modeling efforts. The "actual” benefits of 11 shore protection projects
are discussed in some detalil.

Chapter 6 addresses the economic relation betwederallysponsored shore protection projects

and development patterns in coastal areas. The chapter is based on a research study undertaken to
ascertain whether or not Federally sponsored shore protection projects increase the rate and extent
of development improtected areas, i.anduce development. Sectioase provided oeconomic
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theory, a survey of beachfromommunity reidents, an econometric model of beachfront
development, and an econometric analysis of beachfront housing prices.

Chapter 7 provides a discussiortloé environmental considerations for shore protection projects.
This chapter outlines thenajor legislationthat supportsFederal interest in environmental
considerations in shore protection projects, and the environmental considerations for both protective
beaches andunes as well as hard structures and for nonstructural alternatives. The environmental
considerations for specific projects are given for several case studies.

Chapter 8 presents study findings and conclusions.




CHAPTER 2 - DESCRIPTION OF THE U.S. ARMY CORPS OF
ENGINEERS SHORE PROTECTION PROGRAM

A. FEDERAL INTEREST IN SHORE PROTECTION

1. The Coastal ZoneThe shore is a dynamic environment which naturally erodes and accretes over
time. The processes that shape the shoreline are extremely complex and diverse and are influenced
by waves, currents, wind, and deeelchange. As described in B@x1, anaturally shaped sand

beach is composed of four areas; a nearshdoeeshore, a backshore, and dunes. (Also see Figure
7-1).

Box 2-1

THE COASTAL ZONE

Area Description

Nearshore | The nearshore extends from the depth of closure beyond which
there is no measured sand movement landward to the ordinary
low-water elevation. Littoral currents driven by wind, waves, and
tides shape this portion of the natural beach profile.

Foreshore | The foreshore is defined as that part of the beach between the
ordinary low-water mark and the upper limit of wave wash at high
tide. This area of the beach is ordinarily traversed by the uprush
and backrush of waves as the tides rise and fall.

Backshore | The backshore is the part of the shore acted upon by waves only
during severe storms, especially when combined with
exceptionally high water or storm surge. The backshore is
composed of berms. A berm is a nearly horizontal part of the
beach formed by the deposit of material by wave action. Some
beaches have no berms, others have one or several.

Dune In many cases a dune is formed behind the berm. A dune is a
mound of wind-blown sand, generally in long ridges paralleling the
shore and usually above the level of moderate storm waves.

-1
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Because of the natural attraction of the seashomaimy areas development has destroyed the
natural setting by building too close to the shoreline. In other areas, development that may have been
constructed a prudemtistance from thehoreline isnow threatened bgontinuing erosion and
shoreline recession. During storms, this envelopment is subject to damages that can result in loss of
life. People havehistorically migrated tahe shore inncreasing numbers, thereby increasing the
demand for building protective structures and/or trying to replenish the eroded beaches. This chapter
of the report provides a background of the shoreline and beach erosion control program of the U.S.
Army Corps of Engineers (Corps).

2. Early History

a. Interest in shore protection began in New Jersey in the latter part of the 19th century and in
the early decades tie 20th century. This stemmed primarily from two factors. The first was that
the New Jersey shoreline, being within easy reach of the burgeoning populations of New York City
and Philadelphia, was the first to experience intense barrier island development. The second factor
was that, during the period of 1915 to 1921, there was intense storm and hurricane activity. During
this period, three hurricanes and four tropical storms passed within several hundred nautical miles of
the coasts of Newlersey and Nework. Although these wereot land falling storms[1},
considerable beadrosion occurred as a resullillions of dollars were spent in New Jersey on
uncoordinated and often totally inappropriate erosion control structures which often produced results
that were minimallyeffective and in some casesunterproductive. It was sooealizedthat the
efforts of individual property owners were incapable of coping with the problem of coastal erosion
and that a broader-based approach was necessary[2].

b. In addition to the storms affecting the New Jersey shoreline, 14 hurricanes made landfall in
the United States from 1911 to 1920. The period from 1915 to 1919 was particularly severe, with
four category 3 hurricanes and three category 4 hurricanesTédae 2-1 for a partial
"Saffir/Simpson" hurricane scale). The states of Mississippi, Alabama, Texas, Louisiana and Florida
were particularly hard hit. The 1919 hurricane was patrticularly severe, with a barometric pressure
of 27.37 inches, which, until 1935, was the nsastere storm of record. The 1919 hurricane caused
between 600-900 deaths in the United States[3]. Today, this sibram&is as the third most severe
storm of record behind the 1935 "Labor Day" hurricane and Hurricane Andrew in 1992. Hurricane
Andrew is listed as "severe" in terms of dollars and lod#eoinland; however, there was little
damage in the coastal region.

! Numbers in brackets "[ ]" refer to reference numbers. References for Chapter 2 are at
the end of the Chapter.
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c. Inresponse to the increasing problems of coastal erosion, the New Jersey legislature, in 1922,
appropriated money to form an engineering advisory board to study the changes taking place along
the state's coastline. At about the same time, a Committee on Shoreline Studies was formed under
the Division of Geology and Geography of the National Research Council in Washington, D.C. An
outcome of the groups' activities in shore erosion matters was the formation of the American Shore
and Beach Preservation Association (ASBPA). eamly objective of this associatiomas to
persuade the states to acagsfponsibility for their beaches. However, in 1926, within a year of its
formation, the association wasbbying to havehe Federal governmeassumehe function of
unifying and coordinating the efforts of states with regard to shoreline erosion problems.

Table 2-1 The SAFFIR/SIMPSON Hurricane Scale

Scale No. 1- Winds of 74 to 95 mileper hour. Storm surge of 4 to f8etabove normal.Low-lying coastal roads
inundated, minor pier damage, some small craft exposed, anchorage torn from moorings.

Scale No. 2 Winds of 96 to 110 miles pkour. Storm surge 6 tof8et above normal. Coastal roads and low-lying escape
routes inland cut by rising water 2 to 4 hours prior to arrival of hurricane center. Considerable damage to piers. Marinas
flooded. Evacuation of some shoreline and low-lying inland areas required.

Scale No. 3 Winds of 111 to 130 miles per hour. Storm surge 9 to 12 feet above normal. Serious flooding at coast and
many smaller structures near coast destroyed. Larger structures near coast damaged by battering waves and floating debris.
Low-lying escape routes inland cut by rising water 3 to 5 hours before hurricane center arrives. Major erosion of beaches.
Massive evacuation of all residences with@0 yards of shore possibhgquired, and of single-story residences on low

ground within 2 miles of shore.

Scale No. 4 Winds of131 to 155milesperhour. Storm surge 13 to I8etabove normal. Flat terrain I8et or less

above sea level floodedamid as far as 6 miles. Major damage to lower floors of structures near shore due to flooding and
battering by waves and floatimgbris. Low-lying escape routes inland cut by rising water 3 to 5 hours before hurricane
center arrives. Major erosion of beachikssive evacuation of all residences within 500 yards of shore possibly required
and of single-story residences on low ground within 2 miles of shore.

Scale No. 5 Winds greater thah55 milesperhour. Storm surge greater than 18 feet above normal. Major damage to
lower floors of all structures less than 15 feet above sea level within 500 yards of shore. Low-lying escaped routes inland
cut by rising water 3 to 5 hours before hurricane center arrives. Massive evacuation of residential@segoond

within 5 to 10 miles of shore possibly required.

d. The period between 1921 and 1930 saw continued intense hurricane activity, with 13 land
falling storms,includingtwo category 3 hurricanes and two category 4 hurricanes. Nine of the 13
storms in this period affected Florida. Both category 4 storms, the September 1926 and September
1928 hurricanes caused widespread damage atiosde Florida. The 1928 hurricane caused 1,836
deaths, ranking it as the second most deadly storm in the United States. It is the fourth most intense
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storm on record, with a barometric pressure of 27.43 inches[1]. As a result of the severe hurricane
activity and resulting death and destructionwed as tothe lobbying efforts of theASBPA,
Congress enacted PL 71-520 in 1930Dhis 1930 lawauthorized the Corps to study (but not
construct) shore protection measures in cooperation with state governments. The cost sharing was
established athe discretion of the Corg®ot legislated). Congress also establisttesl Beach

Erosion Boardgconsisting of four dicers ofthe Corps and threevilian engineers to provide
technical assistance. This was the first Federal involvement in shoreline protection activities. Cost
sharing in studies was subsequently changet/3d-ederal and2/3 non-Federal by a 1946
amendment. The same cost sharing formula was authorized for construction (but not maintenance)
in 1956 amendments.

e. The 1930 law, as amended, established the overgtigo in which the Congress authorized
Federal participation to prevent or control shore erosion caused by wind and tide-generated waves
and currents along the Nation's coasts and shores, and to prevent damage to property and loss of life
from hurricanes and storm flooding. Participatiodludes research and developmg@nning,
design, construction management and Federal cost sharing. Throughout the evolution of this Federal
program, the responsibility for executing the program has been vested in the Secretary of the Army
acting through the Chief of Engineers.

f. During the 1930s, temajor hurricanestruck the coastal states: four along Trexas,
Louisiana, Florida coasts; three just in Florida; two along the mid-Atlantic seaboard; and one in the
New York-New England area. Two of these storms rank among the most severe in terms of loss of
life in the Nation's history. The "Labor Day" storm which hit southern Florida in 1935 caused 408
deaths. The September 1938 storm caused 600 deaths in the Long Island, New York and southern
New England area[3]. Théederal involvement ishore protection throughout the 1930s was
essentially limited to cooperative analyses, planning studies and technical advisory services. These
planning efforts were cost-shared between Federal and non-Federal interests. With the onset of the
Second World War, the involvement of the Corps of Engineers in shore protection studies virtually
ended as its resources were fully committed to the war effort.

3. Evolution of U.S. Army Corps of Engineers Program

a. Following WorldwWar Il, the shoreline protection program of the Corps was expanded and
consolidated through series of 20 legislativacts. This legislative activity was in direct response
to the damage and loss of life experienced along the Atlantic and Gulf coasts during the latter half of
the twentieth century. A chronological listing and summary of these acts are presented in Appendix
C. The citations are limited to generic legislation and do not contain listings of the individual study
and project authorizations.
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b. The period of 1940 to 1945 saw another five major hurri¢anesin the Gulf of Mexico and
four along theAtlantic coast). Thesefive stams caused another 122 deaths in Texas, Florida,
Georgia and imNorth and South Carolina[3]. In response to these disasters, Congress enacted PL
79-727 in 1946.This law expandethe use of Federélinds to includene third of construction
costs for projectalong publicly owned shores. This was a limited authority in comparison to the
navigation and flood control programs, and only a few of the authorized projects were actually built.

c. After five category 3 and 4 hurricanes in 1954 and 1955 causiedshaf 200 lives and flood
and wave damage totaling more thantillon in the NewEngland and mid-Atlantiarea [1],
Congress enacted PL 84-71. This 1955 law directed concerned Federal agencies to develop shore
protection measuresrhis legislation led to fundinfpr the Department of Commerceitoprove
hurricane forecasting and warning services, and to authorizédioosnstruction by the Corps of
projects for hurricane protection. The 1955 legislation was to have a far reaching effect upon beach
erosion control. The Corps was directed to investigate Atlantic and Gulf shores of the United States
to determine measures which could be undertaken to reduce damages from hurricanes.

d. In 1956, Congress expanded the authority for shore protectioclude privatelyowned
shores where substantfalblic benefitsvould result. Thdaw (PL 84-826),also defined periodic
nourishment asconstruction" for the protection of shoreshen it isthe mostsuitable and
economical remedial measur&he nourishment period recommendedioy Chief of Engineers
under the 1956 Act was usually 10 years, unless previous noemisbrperience at the site indicated
that a longer period would be suitable and economical.

e. For the six year period of 1956 through 1961, four mojea imarricanes struck the Atlantic
and Gulfcoasts. One of these (Hurricane" Donna" in 196(actedall east coast states from
Florida to Maine. Thistorm caused 50 deaths and had recorded wind gusts of 175-180 miles per
hour. Hurricane "Carla" in 1961 caused 46 deaths in Texas and ag#dst and most intense Gulf
coasthurricane inmanyyears[3]. Following thesstorms,major legislation affectinghe beach
erosion control program was again enacted (Public Law 87-8R6@). This law increased Federal
aid from 1/3 to 100 percent for shore protection study deatsng toauthorization. It also
increased Federal participation in st ofbeach erosion and shore protection to 50 percent of
construction costwhen the beaches wergublicly owned or used, and 70 percent Federal
participation for seashore parks and conservation areas when certain conditions of ownership and use
of the beaches were met. The change from cost shared studiésgercent Federally funded shore
protection andeach erosion control studies, coupled i great need to provide protection in
areas damaged by the hurricanes of the 50s and early 60s resulted in a large number of studies and
subsequent project authorizatiorRecognizinghe increased need fadditional engineering and
scientificstudy in the area afhorelineprotection and beach erosion control, Congress established
the Coastal Engineering Research Center and the Coastal Engineering Research Board in 1963 (PL
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88-172). This Board régced the Beach Erosion Board that was established by Public Law 71-520
in 1930.

f. During the period from 1962 to 1968, there wanee land fallinghurricanes and one
particularly severe northeast storm, the "Ash Wednesday" storm of 1962. Of the nine hurricanes, five
were category 2 and three were category 3 storms. One of these storms, Hurricane "Betsy", hit
Louisiana in 1965 with 13@ile anhour winds and caused 75 deaths. In 1969, Hurricane "Camille”
entered at GulfportMississippi, andbefore exiting Virginiacaused 255 deaths. In June 1972,
Hurricane "Agnes" impacted areas from Floridd\N®w York and caused 122 deaths[3Major
legislation during this period was the River and Harbor and Flood Control Acts of 1968 (PL 90-483)
and of 1970 (PL 91-611) which authorized numerous hurricane anddseaatn control studies and
projects.

g. The above referenced 1962 and 186& were also important in that they provided generic
legislation. Generally, water resources developments recommended to the Congress in response to
study authority may not be implemented without being specifically adopted in law. However, subject
to specific limits on the allowable Fedeexipenditures, Congress has delegated continuing authority
to the Secretary of thA&rmy acting thorough theChief of Engineerdor study, approval and
construction of small projects for navigation, flood control and shore protection. The authority for
the Secretary of the Army to undertake construction of small beach and shore protection projects not
specifically authorized by Congress, was included in Section 103 of the 1962 Act. At that time, the
project limit was $400,000 and thannualprogramlimit was $3million. Theselimits have
subsequently been raised and are now $2 million per proje$Bamndilion annually for the program.
Section 111 of the 1968 Act, authorizbeé Chief of Engineers to investigate and construct projects
to prevent or mitigate shore damages resulting from Federal navigation works, at full Federal cost
limited to $1 million in initialconstruction costs per projgsubsequently raised to $dllion per
project with no prograrnimit). See paragraph E tiis chapter for additionahformation on the
"Continuing Authorities Program".

h. In 1976, PL 94-587 authorized tHagement of sand from dredging of navigational projects
on adjacent beaches if requested by the interested state government and in the public interest, with
the increased cost paid for by the non-Federal interests. The law also extended to 15 years (from the
original 10) Federal aid for periodic beach nourishment.

4. Water Resources Development Act of 198tie Water Resources Development Act of 1986
(WRDA '86), is degislative landmark of major significance. In addition to authorizing numerous
shore protection projects for study and constructiois,Act is mostsignificant inthat it ended
political gridlock that existed between Congress and several previous Administrationsten
resources development programs. At the heart of this legislation were the beneficiary-pay reforms,
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cost sharing and user fees that make local sponsors active participants in the development of projects
(both in theplanningandfinancing of implementatiogosts). Majorsections of WRDA '86 that
pertain to the shoreline protection program are:

a. Section 103 established hurricane and storm daredgetion (HSDR) as a project purpose.
Beach ersioncontrol is no longer recognized as a project purpose antbts of constructing
beacherosion control measures are todssigned tdhe recognized project purposes with cost
sharing in thesamepercentage as the purposesmuach the costs arassigned. Théasic cost
sharing formula for a project formulated for HSDR is 65 percent Federal and 35 percent non-Federal.

b. Section 402, as amended by Section 14 of PL 100-676 (the Water Resources Development
Act of 1988), requires that before construction of any project éat ibood protection or any project
for hurricane or storm damage reduction, the non-Federal interests shall agree to participate in and
comply with applicable Federal flood plain management and flood insurance programs.

c. Section 933 modified Section 145 of P1-887 to authorize 50 percent Federal cost sharing
of the extra costs farsingdredged sand from Federal navigation improvementsramctenance
efforts for beach nourishment. In those cases where the addibst&for placement of the dredged
material isnot economically justifiedthe Corpamay stillperform thework if the state opolitical
subdivision requests it and contributes 100 percent of the added cost of disposal.

d. Under Section 934 &WRDA '86, Federahid for periodic beach nourishment extisting
projects may be extended as necessary without further Congressional authorization for a period not
to exceed 50 years frothe date of start of project construction. The extension to 50 years is not
automatic. After notification by the Corps that the nourishment period is about to expire, the project
sponsor must request an extension and express a willingness to cost share. A reevaluation for such
projects will be made using current evaluation guidelines and policies. Section 934 authority is not
used to extend the period of authorized periodigrishment of projecthat usesandbypassing
plants.

B. NATIONAL PERSPECTIVE

1. National Assessmentn 1968, Congress reacted to the continbingicane and storm activities

on the Atlantic and Gulf coasts by authorizing a study, which was completed by the Corps in 1971,
entitled the National Shoreline Styd}y The study showed there are about 84,240 miles of ocean,
estuarine, and Great Lakes shorelines, including Alaska, Hawaii, Puerto Rico and the Virgin Islands.
Of this total shoreline distance, 20,500 miles were identified as experiencing a significant degree of
shore erosion. Significant erosion was further separated into critical and non-critical areas. Critical
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erosion was defined dthose areas where erosion presents a sepraldem becausthe rate of

erosion considered in conjunction with economic, industrial, recreational, agricultural, navigational,
demographic, ecological, and other relevant factors, indicates that action to halt such erosion may be
justified.” There were 2,70@iles identified as havingritical erosion problems. Themaining
17,800miles of significantly eroding sineline were designated "non-critical." If Alaska is excluded,

the Nation's shoreline distances amount to about 3mEX¥) of which2600 miles experience critical
erosion and 12,80files experience non-critical erosion. Thesaya estimates for the Great Lakes,
Alaska and other ocean shorelines are shown in Table 2-2.

Table 2-2 Status of Coastal Erosion, 1971

Area Total Shore Miles Critical Erosion Non-critical Miles Total Miles of
Miles Significant Erosion
Great Lakes 3,680 220 1,040 1,260
Alaska Only 47,300 100 5,000 5,100
Oceanic, Except 33,260 2,380 11,760 14,140
Alaska
TOTAL 84,240 2,700 17,800 20,500

2. Program StatusBased on the results of the study questionnaire (see Chapter 1, Paragraph B
and Appendix A), as of duly 1993, the Corpsasconstructedll or portions of 82specifically
authorized shore protection projects. There are another 26 authorized but not constructed projects
and projects in preconstructi@mgineering and desigrnlhere are also total of 29 authorized

studies. Twelve shore protection projects and studies have either been placed in the inactive category
or have been deauthorized. Table 2-3 is a summary of this program status. The list of these projects
and studies is shown in Appendix D.

3. Historical Authorizations of Shore Protection Proje@s shown above, our study includes 118
projects which have beesuthorized (total of constructed, authorized/PBDd deauthorized
projects). Only five of these shore protection projects were authorized prior to 1950. A high of 17
project authorizations occurred in 1954. Ten or mooeesprotection projects were also authorized

in 1958(14), 1962(15), 1965(10), andB6913). The large number of projects authorized in the 50s

and 60s was the direct result of the numerous major coastal storms that occurred during those years.
The large number of coastal projects authorized in 1986, as well as the low number during the 1970s
and early 1980s, iargelyattributed to théack of Water Resource Development Acts during the
period of 1976 to 1986. These authorizations are shown in Table 2-4 by decade and category.
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Table 2-3 Program Status

Shore Protection Project Status Number of Protected Shoreline
Projects/Studies Distance (miles)
Large Constructed Projects 56 209.86
Small Specifically Authorized Constructed Projects 26 15.97
Subtotal Constructed 82 225.83
Under Construction 1 0.21
Authorized/Awaiting Initiation of Construction 10 39.89
Preconstruction Engineering Design 15 110.60
Subtotal Authorized/PED but Unconstructed Projects 26 150.70
Feasibility Phase (G| Study) 12 250.70
Reconnaissance Phase (Gl Study) 17 273.25
Subtotal General Investigation Studies 29 523.95
Total Projects and Studies 137 900.48
Inactive Studies 2
Deauthorized Projects 10
Total Authorized and Deauthorized 149

Table 2-4 Historical Project Authorizations of Shore Protection and Beach Erosion
Control Projects

Year Large SSSA (1) Auth. Not Subsequently Total
Projects Projects Constructed Deauthorized

Before 1950 2 0 0 3 5
1950-1959 15 21 3 1 40
1960-1969 27 5 9 5 46
1970-1979 3 0 2 1 6
1980-1989 8 0 8 0 16
1990-1993 1 0 4 0 5

Total 56 26 26 10 118

Q). Small scope specifically aattized project. See following paragraph E of this chapter for additional information.
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4. National Summary

a. As previously indicatedhe Corpshasconstructed 8&pecifically authorized shore
protection projects. These projects cover 226 miles of shoreline. That equates to 0.3 percent of the
total shoreline, 1.1 percent of the significant erosion areas and 8.4 percent of critical erosion areas
identified in the 1971 National Shdiree Study. If Alaska is excluded, these percentages increase to
0.6 percent of totathoreline,1.5 percent osignificanterosion areas ar8l7 percent otritical
erosion areas. Figugl provides a perspective of the scope ofRéeeral shore program with
respect to the Nation's shoreline. Since all projects of the Corps are in developed areas, by definition
(see Chapter 2 paragraph B.1.), all of the projects are considered to be in critical erosion areas. The
values displayed in Figur2-1 do notinclude projets implementedunder the Corp€ontinuing
Authorities Program for small projects or the numerous state, county, city, and privately funded shore
protection projects.

b. Shorelines witmatural beacheare arelatively limited and speciakesource. An
examination by the National Shoreline S{ddlyf the lengths of non-Alaskan shore with and without
a beach determined that beaches exist on about 12j2) or 33 percent, of the total 37,000 miles
of shoreline. If allLl08 projects that are constructed, under construction, authorized/awaiting
construction or are in preconstruction engineering and design, are considered as a whole, the program
administered by the Corps would cover only 371ésnior 3.1 percent of the beach area. Even along
the heavilydevelopedSouth Atlantic coast ofFlorida, only about 27 percent of thgeveloped
shoreline is protected by Corps projects. In the reach from Cape CanaBelard County to Key
Biscayne in Dade County, a distance of M8fes,145miles isdeveloped. The Corgsas shore
protection projects along9.1 of thosemiles. There are authorized bnbt constructed pregts
covering an additionaB1.5 miles of the 145miles of the developed area most which are
concentrated in Palm Beach County. This is summarized in Table 2-5.

c. The relatively few major Federnaifojects with respect to thetal number ofmiles of
shoreline experiencing critical erosion problems can, in part, be attributed to stringent Federal project
feasibility criteria. These criteridncluding benefit/costanalysis, virtually limitshore protection
projects to densely developed areas with high economic value and public access. For more detail, see
Chapter 2, Paragraph C, "Project Purposes".
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Figure 2-1

21%

> 2%
< 1%

Area covered by completed
Federal projects
= 226 miles

Areas of critical erosion not
covered by Federal projects
= 2,474

Areas showing non-critical erosion
= 17,800 miles

Areas with no significant erosion
= 63,740 miles

10 B

Figure 2-1 - Federal Program With Respect to Nation’s Shoreline (84,240 miles)
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Table 2-5 Federal Shore Protection Projects State of Florida

Between Canaveral Harbor and Key Biscayne

County Total Shoreline Approximate Constructed Authorized
(miles) Developed Federal Shoreline Not Constructed
Shoreline Projects (miles) Federal Shoreline
(miles) Projects (miles)
Brevard (S. of 40.0 29 4.4 0.0
Canaveral Hbr.)
Indian River 22.3 7 0.0 3.4
St. Lucie 22.0 8 1.3 0.0
Martin 21.0 13 0.0 4.0
Palm Beach 44.9 44 4.1 22.4
Broward 24.0 24 11.3 1.7
Dade (N. of Key 20.8 20 18.0 0.0
Biscayne)
TOTAL 195.0 145 39.1 315

5. Regional Summary

a. The bulk of the Corps coastal projects are on the Atlantic coast. A regional perspective
of project distributions for completed projects is given in Table 2-6. This project tabulation compares
the number of completegorojects andnilesand percent of critically erodezbastlineprotected,
against the totainiles of shoreline andhe miles of shoreline with critical erosion problems as
identified in the 1971 National Shoreline St{#y The distribution by region of these 82 completed
projects is shown on Figure 2-2.

b. Another 26 projects covering an additiodall miles of coastline are eithennder
construction, authorized bubt yet constructed, or are in the Preconstructmgineering and
Design(PED) stage. Iaddition, there are 29 studies underway for 524 miles of shoreline. Table
2-7 gives the number and regional distribution of these projects and studies. The length of shoreline
protected includes reaches of coastline under study. In most cases this length will be reduced when
actual projects ar@entified. Ofthe total 674.6niles identified, 524.0 miles or 78percent is
attributed to reconnaissance and feasibility studies.
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Table 2-6  Regional Assessment of Completed Shore Protection Projects (1)
Region Total (2) Significant (2) Critical (2) Number of Critically
Shoreline Shoreline Shoreline Projects Protected
(miles) (miles) (miles) Shoreline
(miles) / (%)
North Atlantic 8,620 7,460 1,090 41 7741 7.1
South Atlantic-Gulf 14,620 2,820 980 22 107.0/10.9
Lower Mississippi 1,940 1,580 30 1 7.0/23.3
Texas Gulf 2,500 360 100 2 4./5/4.5
Great Lakes 3,680 1,260 220 6 14.8/6.7
Alaska 47,300 5,100 100 0 0.0/ 0
North Pacific 2,840 260 70 0 0.0/ 0
California 1,810 1,550 80 10 15.1/18.8
Hawaii 930 110 30 0 0.0/ 0
Total 84,240 20,500 2,700 82 2258/ 8.4

(1). Does not include small shore protection projects in the Continuing Authorities Program.
(2). Mileage from the 1971 National Shoreline Study.

Table 2-7 Regional Assessment of Authorized But Not Constructed Projects and Studies

Region TotaP Significant? Critical> | Number of Critical Protected
Shoreline Erosion Erosion Projects/ Shoreline Distance
Distance Distance Distance Studies (miles) / (%)
(miles) (miles) (miles)
North Atlantic 8,620 7,460 1,090 22 397.2/36.4%
South Atlantic-Gulf 14,620 2,820 980 25 204.2 / 20.8%
Lower Mississippi 1,940 1,580 30 0 0/0%
Texas Gulf 2,500 360 100 1 8.0/ 8.0%
Great Lakes 3,680 1,260 220 1 2.0/0.9%
Alaska 47,300 5,100 100 1 0.2/0.2%
North Pacific 2,840 260 70 0 0/0%
California 1,810 1,550 80 5 62.3/77.8%
Hawaii 930 110 30 0 0/ 0%
Total 84,240 20,500 2,700 55 674.6 / 25%

1 Includes projects in PED but does not include shore protection projects/studies in the Continuing Authorities Program.
2 From 1971 National Shoreline Study.
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c. Table 2-7 does natcludethe "Coast oflorida Erosion andtorm Effects Study"
(COFS)[5]. Thisstudy, authorized in 1985 by PL 98-3@@;ludesthe entire 1,02@niles of the
Florida coastline. The National Shoreline S{ddlydentified 543 miles of Florida's shoreline as
having storm damage problems. The 16 completed projects in the state of Florida as identified in our
current studyprotect 68miles, orabout 13 percent of the erosion problem areas. The COFS will
result in developing a comprehensive body of information on regional coastal praoesses
Florida,through the collection ar@halysis oihew and existing data. The information will lead to
selected regional plans or alternatives for each of the five regions of the study and establish a central
database available tbe public for monitoring the assessment of future coastal changes, whether
naturally induced or man induced. The COFS will result in decision documents (feasibility reports)
directed toward presenting sufficient rationale to support recommendations to seek authorization for
new projects, and/or to authorize modifications in existing Federal navigation and shore protection
projects. This approximatey22 million studycost isbeingshared on a 50-3@asisbetween the
Federal Government and the State of Florida.

6 . Deauthorizations Prior to 1974, projects could be deauthoribety by specificActs of
Congress.This was changed byection 12 ofPublic Law 93-251, The Water Resources
Development Act of 1974. Thesection established a procedure for deauthorization of projects that
had not received any Congressional appropriations within eight years. This law was superseded by
Section 1001 of Public Law 99-662, The Water Resources Development Act of 1986. Subsection
1001(a) providedhat any project authorized for construction in the 1986 Act shall be deauthorized
as of the fith anniversary of its enactment if funds have not been allocated for construction prior to
that date. Subsection 1001(b) establishes a new procedure, replacing the procedure established by
Section 12 of PL 93-251, for deauthorization of presig authorized projects or separable elements

for which no funds have been obligated for a period of ten fiscal years. Similarly, Section 710 of PL
99-662, establishes grocedure for deauthorization of studigsat have notreceived any
Congressional appropriations for five years.

C. PROJECT PURPOSES

1. Introduction The term "project purpose” is a generally accepted term which describes a type of
project or management measure #mel reason fowhich it is tobe, or was, constructed. For
example, a "shore protection” project implies the use of management measures, such as berms, dunes,
groins,revetments, breakwatenstc.,along the oceans arféreat Lakes of thé&nited States to

prevent or reduce hurricane, tidal and lake flood damages, improve recreation and/or stop land loss.
The Water Resources Development Act of 1986 significantly changed the way that shore protection
projects are formulated and cost shared.
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2. Shore Protection Projects Prior to WRDA.'86

a. Beach Ersion Control Federal participation in theost ofrestoring and protecting
eroding shores of the Unit&tates was authorized undariousstatutes. The extent 6ederal
participation was based upon shore ownership and use, and the typeidarte of the benefits.
Without public use or benefits, no Federal funds couldibed. The costs of measures protecting
Federal shorewere Federal. Federal participation in protecting non-Federal public shores was 50
percent, but could be maximum of 70percent undespecial conditiongor certain park and
conservation areas. Private shores were eligible for Federal participation of up to 50 percent, if there
were benefits from public use.

b. Hurricane and Abnormal Tidal Floodindrederal interest in projects pootectagainst
hurricane and abnormal tidal flooding was established case-by-case based upon specific Congressional
authorizations. Although projects warsually similar tabeach erosion contrelorks, hurricane
projects were viewed as being more like flood control projects. Public use was not a condition for
Federal participation in protecting against hurricanes. The Federal share of hurricane projects was
limited to a maximum of 70 percent.

c. Recreation Projects for beadatrosion control produce significant recreation benefits. In
some projects, recreation benefits provided for most of the economic justification. During the mid-
1980s, adudget deficits increased, projects considered to be "primarily recreation” were assigned
a lower priority in the budgetary process. Consequently, the emphasis on recreation diminished.

3. Shore Protection Projects After WRDA .'86

a. Beach Erosion ControlSubsection 103(d) oiVRDA '86 discontinued this project
purpose by directing theosts of measures for beach erosion control to be assigned to appropriate
project purposes and shared in the same percentages as the purposes to which the costs are assigned.
In accord with this direction, damages resulting fromtebasosion are now included along with the
damages from inundation and waves, and the projects which reduce these damages are hurricane and
storm damage reduction projects.

b. Hurricane andtormDamage Reduction (HSDR)Subsection 103(c) MWRDA '86
established aHSDR project purpose ankgislated a 35percent non-Federatost sharing
requirement. Non-Federal interests were also to proafideinds, easements, rights-of-way,
relocations, and dredgenhaterial disposal area@ ERRD), and performall operation and
maintenance. The value of LERRD contributiansincluded inthe non-Federal shard&eriodic
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nourishment bythe placement of material on a beach at suitable intervals of time, is considered
"construction" forfunding andcost sharingpurposes, in accordith PL 84-826. Byincluding
hurricane protection into storm damage reduction, Congress established public use as a precondition
for Federal participation.

c. Recreation Since WRDA '86, shore protection projects have been formulated for HSDR.
These projectsvill generallyproducesignificant recreationbenefits whichare included in the
economic analysiand used for projequstification. However, if overone-half ofthe benefits
required for justificatiorare recreation, current DepartmentAoimy budgetarypolicy precludes
Federal participation. In additiomny additionalbeachfill over that required for theroject
formulated forHSDR, tosatisfy recreation demand, is a separable recreation feature. Federal
participation in a separable recreation feature for shore protection projects, even though economically
justified, is precluded under the current Department of Army policy.

4. Navigation Incidental tathe Corpamission of maintaininghe Nation'sivers and harbors, in
certain instances, thatmaterialdredged from suchctivities can be usddr beacHill purposes.
Authority for such operations was first contained in Sectiéd of Public Law 94-587 (Water
Resources Development Act of 1976). This authority was subsequently amended by Section 933 of
WRDA '86 and Section 207 of PL 102-580 . Currently, this authority and related regulations allow
Federal participation in 50 percent of the added costs (in relation to the least cost navigation disposal
alternative) of dredged material plagarhfor beach nourishment purposes, providing the placement

is economicaljustified, andother conditions common t&ivil Works storm damage reduction
projects are met. Where all of these conditions cannot be met, placement can still be accomplished
if non-Federal interests providal of the added costgnd theplacement is environmentally
acceptable and in the public interest.

5. Report Summary of Project Purpases

a. A list of completed projects by project purpose is presented in Table 2-8. As shown in the
table, the majority, 70 dhe 82 projects (85 percentpntain beach erosion control as a project
purpose, either as a singular purpose or as part of a multipurpose project. The next most prevalent
purposes are recreation (53 projects/65 per@ad)hurricane and storm damage reduction (52
projects/63 percent). Navigation is considerednly four projects andnitigation in only two
projects. The predominance of beach erosion control and recreation projdustotals is
attributable to older projectshich were authorized and constructed bef@&W/&DA '86. The
information is subdivided into the categories of "Regular" and "Small Scope Specifically Authorized
(SSSA)" projects. For additional information on SSSA projects, see paragraph F.
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Table 2-8 Project Purpose - Completed Projects

Shore Protection Project Purpose Number of Projects Protected Shoreline Distance (miles)
Regular | SSSA | Total Regular SSSA Total
Hurricane and Storm Damage Reduction 3 1 4 10.32 0.13 10.45
(HSDR)
HSDR/Recreation (REC) 3 1 4 13.14 0.42 13.56
HSDR/REC/Beach Erosion Control (BEC 21 9 30 95.44 8.39 103.83
HSDR/REC/BEC/Navigation 1 0 1 2.65 0 2.65
HSDR/REC/BEC/Mitigation 1 0 1 1.30 0 1.30
HSDR/BEC 10 0 10 33.65 0 33.65
HSDR/Navigation 1 1 2 4.28 1.00 5.28
Recreation 0 2 2 0 0.53 0.53
Recreation/BEC 8 7 15 15.20 1.74 16.94
Beach Erosion Control (BEC) 6 5 11 17.93 3.76 21.69
BEC/Navigation 1 0 1 0.95 0 0.95
BEC/Mitigation 1 0 1 15.00 0 15.00
Total 56 26 82 209.86 15.97 225.83

b. Authorized projects for which construction has not been completed, as well as projects in
PED and authorized studies, are listedamle2-9. Asshown in the table, hurricane astbrm
damage reduction is a project purpose in 51 of the 55 unconstructed projects/studies (93 percent),
while beach erosion control is in p8ojects (51 percent) and recreation in 27 projects (49 percent).
The single purpose recreation project is the Charlotte County, Florida project and was authorized in
WRDA '86. For the 1993 data base of this report, the Charlotte County project is listed under the
category of “awaiting funds.” However, for the current 1995 fiscal year the project is classified as
“inactive.” The single purpose navigation project is the Sargent Beach, Texas project. This project,
authorized in WRDA '92, is currently in preconstruction engineering and design.
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Table 2-9 Project Purpose - Authorized But Not Constructed Projects and Studies
Shore Protection Project Purpose Number of Protected Shoreline
Projects/Studies Distance (miles)

Hurricane and Storm Damage Reduction (HSDR) 17 221.30

HSDR/Recreation (REC) 7 142.19
HSDR/REC/Beach Erosion Control (BEC) 14 65.66
HSDR/REC/BEC/Navigation 1 4.60
HSDR/REC/BEC/Mitigation 4 11.96

HSDR/BEC 7 211.73
HSDR/Environmental Restoration 1 1.50
Recreation 1 1.10
Beach Erosion Control 1 6.16
BEC/Navigation 1 0.50
Navigation 1 7.95

Total 55 674.65

This shift inproject purposes from beach erosion control to hurricane and storm damage
reduction, and the reduction in the number of recreation projects, is summarized in Box 2-2.

Box 2-2

Shift in Project Purpose

PURPOSE PURPOSE AS % OF COMPLETED PURPOSE AS % OF
PROJECTS AUTHORIZED
PROJECTS/STUDIES
BEC 85% 51%
REC 65% 49%
HSDR 63% 93%
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D. PROJECT FEATURES

1. General The features of shore protection projects usually consist of one or a combination of the
following functional elements: beaditis and dunefills (soft structural measures); agdoins,
seawallsyevetments, breakwaters, bulkheads and sand transfer plants (hard structural measures).
There is no specific or singular functiofi@ature thatan be appliedniversally to solvall shore
protection problems. Most project sites have some unique characteristics and must be evaluated on
the basis of their particular attributes in order to develop project plans that afford the best balance
between functional performance, cost-efficien&turn ofeconomic benefits, and environmental
acceptalhty. The protection of relatively longeaches o$horeline, more often than not, involves the
placement of beacii ind the provision of subsequent periodic nourishmelawever, even in these

cases, manproject sites require detailed assessments to determirex&omle, whether or not

groins are needed for all or part of the fill or how much fill to place, how long the fill will last before
needing to be renourished, and whether a dune fill or seawall shaigedbéo account for storm tide
effects[6].

2. Shift from Structures to Beach Nourishment

a. Inthe United States, as elsewhere prior to the Second World War, the main approach to
beacherosion and storm damapgeoblems was through the use of fixed structures, usually groins,
jetties and seawalls. A groin é@nstructedperpendicular to the shore stabilizethe shoreline
position and minimizeerosion by trapping longshomoving sediment. A jetty is alsbuilt
perpendicular tahe shore and is constructed at mouthsivers or tidal inlets to stabilize a
navigation channel and assist in maintaining project depths by preventing shoaling of littoral materials.
A seawall is built along hank or shore to prevent loss of land and damage to landward structures
caused by wave action or currents. A classic example of this early type of structure is the Galveston,
Texas seawall whiclvas begun in 1902 by local interests. Mosthe hard structural shore
protection projects are built of concrete or steel sheet pile and stone rubble mounds. Wooden cribs
with concrete caps and steel cells are other types of structures that are used. These structures met
with varyingdegrees of success. By the 1920s and 1930s, use of fixed structures had proliferated
along certairresortsections of the Nation's coastline to such an extent that these structures, while
protecting both public and private property, impeded the recreational use of the beaches.

b. In the late 1940s arghrly 1950s, an important change evolvedhabasicconcept of
shoreline protection. Rather theglying solely orthe traditional coastalefensestructures of the
past, it was increasingly realizéht, inmanysituations, results would be more cost-efficient and
functionally successful if techniquegere usedvhich replicatedhe protective characteristics of
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natural beach and dune systems. Thiscept, pioneered in the early 1960s by the Corps' Coastal
Engineering Research Center (CERC), placed emphasis on the use of artificial beaches and dunes as
economically efficientand highly effective dissipators of wave energyOther important
considerations were the aesthetic and recreational values of artificially created beaches.

c. The broad public acceptance whitiw exists in the use of artificial beaches as a primary
means of shore protection wiagtially gainedthrough theexperience and performance of Federal
beach nourishent projects. Prior to 1956, periodiourishment was considered to be a form of
maintenance, whictvas totally a non-Federal responsibility. Recognizirag beach nourishment
resulted in considerable benefits to adjacent shorelines, Congress in 1956 passed ledigtation
classifiedbeach nourishment as a continuing construction featligéyle for Federakostsharing
participation. Reshapirtipe beach with existing sand and moving the sand around on the beach is
considered beach maintenance anchisraFederal responsibility. Only when new sand is placed on
the project is it considered periodic nourishment.

d. Originally,sand for beach nourishmerdme fromthe inland waterways or rivers and
estuaries. Early beach projects inriela that had been built by local interests as early as 1949-1951
used sand dredged from estuaries behind the barrier islands. Many of the early projects authorized
for Florida (1958-1968)riginally hadbaysand estuarieslentified ashe borrow areéocations.

These sources of sand were later abandoned aftentirenmental tradeoffeere considered by
many as too costly compared to the benefits realized.

e. Shore protection studies underway or completed on the east coast by 1964 showed that,
if the Federal or local governments were to come to grips with the erosion problems, a comprehensive
program was needed to locate sand deposits offshore in the Atlantic Ocean. Recognizing the need
for new sand sources for beach nourishment, CERC initiated the Inner Continental Shelf Sediment
Study in 1964. This study, completed in 1978, wdanded by CERC with researdinds
appropriated by Congress. The purpose of the study was to develoygeatory of potential
offshore borrow sites for the increasing number of authorized beach nourishment projects. The U.S.
Geological Survey is continuing sampling and analysis in deeper areas offshore of and including state
territorial waters.

f. Once offshore sources of sand for beach nourishment projectsdestibed, it was
immediatelyapparent thagxistingdredgeonly had limited capacity to dredge sand from offshore
borrow areas. This was due to lack of capability to movefsamdlong distances in the high energy
offshore wave climate. Very few dredges k8. Coast guardertification requirements for
operations offshore. Most hopper dredges in the 1960s did nopinangout capability. Along with
the need to dredge offshore sand for beach nourishment, a trend started in the late 1960s and early
1970s toplace materiadredged frommaintenance of Federal navigatiprojects onadjacent
beaches. In order to meéese new dredging demandsanydredging companiesonstructed
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dredges to new designs. As shown in BReg, eight of theindustry's 13 dredgesonstructed
between 1971 and 1983 have direct pumpout diéyadnd 10 ofthe 13 dredges have split hulls that

will allow disposal ofdredgedmaterial inthe nearshore zone. The Corps' four hopper dredges
(McFarland, Yaquina, Weeler, and Essayoma#i) haveboth bottomdoor and direct pumpout
capability. Inaccordance witR.L. 95-269, the Corps maintains a minimum dredge fleet in order to
perform emergency and national defense dredging, and supplements private industries’ capability as
necessary to accomplish river and harbor maariee work. In addition to the four hopper dredges,

the Corps also maintains three dust pan dredges, two sidecast dredges and one pipeline dredge.

Box 2-3

INDUSTRY HOPPER DREDGE DATA

Hopper Discharge Direct Pumpout
System .
Yes No Optional
Split Hull 7 3 0
Bottom Door 1 1 1
Total 8 4 1

g. The significant shift from a strong reliance on fixed structures to beach restoration and
nourishment by the Corps is demonstrateBigure2-3. Inthis figure,the cost ofinitial beach
restoration and periodic nourishment have been combingldow the percent of costs spent on
beach nourishment versus tlerqent spent on structures. Since 1960, approximately 90 percent of
total Federallysponsoredshorelineprotection costs have been spentbmachrestoration and
periodic nourishment.
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Figure 2-3 - The Shift From Fixed Structures to Beach
Restoration and Nourishment

3. Report Summary of Project Features

a. Alist of constructed projects, by project feature, is presented in Table 2-10. In reference
to 82 projects, 20 (24 percent) involve only beach restoration and/or nourishment, 10 (12 percent)
rely solely on hard structural measures, and the remaining 52 (64 percent) involve a combination of
hard and soft measures. See Chapter 2, paragraph F for information on "SSSA" projects.

b. Project features for authorized projectsviich construction isiot complete, and for
projects in PEDand authorized studies, are listedTiable 2-11. As shown in the table, the
authorized projects and studies have a higher percentage of soft structural features. Of these newer
55 projects and studies, 30 (55 percent) are soft structural, three (5 percent) are hard structural and
22 (40 percent) are a combination of soft and hard.
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Table 2-10 Project Feature-Completed Projects

Number of Projects Protected Shoreline Distance
Shore Protection Project Feature (miles)

Regular SSSA Total Regular SSSA Total
Initial Beach Restoration (IBR) 4 0 4 13.15 0 13.15
IBR/Nourishment (N) 9 6 15 43.21 5.13 48.34
IBR/N/Groin Field (GF) 7 4 11 12.63 2.37 15.00
IBR/N/GF/Breakwater 1 0 1 3.60 0 3.60
IBR/N/GF/Breakwater/Revetments 1 0 1 0.99 0 0.99
IBR/N/GF/Revetments 1 2 1.48 0.25 1.73
IBR/N/Sand Bypassing 1 0 1 0.66 0 0.66
IBR/N/Terminal Groin 8 7 15 43.76 3.85 47.61
IBR/N/Terminal Groin/Breakwater 1 0 1 0.28 0 0.28
IBR/N Terminal Groin/Revetments 2 0 2 4.10 0 4.10
IBR/N/Breakwater 2 0 2 2.01 0 2.01
IBR/N/Revetments 1 1 2 8.40 1.00 9.40
IBR/N/Tidal Surge Protection 2 0 2 25.15 0 25.15
IBR/N/Other 3 0 3 14.05 0 14.05
IBR/GF 4 0 4 12.88 0 12.88
IBR/GF/Revetments 1 0 1 1.61 0 1.61
IBR/Terminal Groin 1 2 3 0.15 1.27 1.42
Nourishment 1 0 1 6.16 0 6.16
N/Terminal Groin 0 1 1 0 0.28 0.28
Groin Field 1 0 1 1.86 0 1.86
GF/Breakwater 0 1 1 0 0.95 0.95
GF/Revetments 0 1 1 0 0.38 0.38
Sand Bypassing 1 0 1 0 0 0
Terminal Groin 0 1 1 0 0.36 0.36
Revetments 4 1 5 13.73 0.13 13.86

Total 56 26 82 209.86 15.97 225.83

11-24




Description of U.S. Army Corps Shoreline Protection and

of Engineers Shore Protection Program Beach Erosion Control Study

Table 2-11 Project Feature - Authorized But Not Constructed
Projects and Studies

Shore Protection Project Feature Number of Protected Shoreline Distance
Projects/ (miles)
Studies
Initial Beach Restoration (IBR)/
Periodic Nourishment (N) 29 396.71
IBR/N/Groin Field (GF) 4 57.33
IBR/N/GF/Terminal Groin (TG) 1 7.00
IBR/N/GF/TG/Breakwater 2 50.00
IBR/N/Sand Bypassing 1 0.50
IBR/IN/TG 7 121.67
IBR/N/TG/Revetments 1 2.70
IBR/N/Revetments 2 0.50
IBR/N/Revetments/Tidal Surge Protection 1 21.00
IBR/N/Tidal Surge Protection 2 3.50
Periodic Nourishment 1 (1)
Periodic Nourishment/Revetments 1 0.21
Revetments 3 13.53
Total 55 674.65

(1) Section 934 study to nourish a portion of the Virginia Beach, VA, project. The mileage is listed under "Constructed Projects."

This shift in project features from hard to soft measures is summarized in Box 2-4.
E. CONTINUING AUTHORITIES PROGRAM

1. Authorization There are six legislative authorities under which the Secretary of the Army, acting
through theChief of Engineers, is authorized to plan, design, emastruct certain types of water
resources improvements without specific Congressional authorization. These authorities are called
the "Continuing Authorities Program" when referred to gsoap. Thefollowing three of these
authorities pertain partly or entirely to hurricane and storm damage reduction.
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Box 2-4

_______________________________________________________________________________________________________________________________|]
Shift in Project Feature

FEATURE FEATURE AS %OF FEATURE AS %OF AUTHORIZED
COMPLETED PROJECTS PROJECTS/STUDIES

Soft Structural 24% 55%

Hard Structural 12% 5%

Combination 64% 40%

a. Section 14, Flood Control Act of 1946 (PL 79-526), as amended (emergency streambank
and shoreline erosion protection for public facilities and services). This program applies only partly
to the shore protection and beach erosion control projects. The Federal funding limit per project is
currently $500,000 with a program limit of $12,500,000 per year.

b. Section 10River andHarbor Act of 1962 (PL 87-874), asnended torm damage
reduction). This program authorizes Federal participation in¢bst of protecting thehores of
publicly owned property and private property where public benefits result. The Federal funding limit
per project is currently $2,000,000 with a program limit of $30,000,000 per year.

c. Section 111River andHarbor Act of 1968 (PL 90-483), asnended (mitigation of
shorelineerosion damage caused by Federal navigatiofects). The Feder&inding limit per
project is currently $2,000,000 for initial construction, with no yearly program limit or limit Federal
participation beyond/after initial restoration.

2. Extent of Program The survey performed by this study didt include projects under the
continuing authorities program. HeadquartdysS. Army Corps of Engineers, wagueried
concerning its records of constructed projects for this program. The only records readily available
were for the Sectiof03 program andnly for as far back a$987. According to those records,

since 1987%he Corpshasconstructeconly 14 projets that relate to shore protectiand beach
erosion control under the Section 103 Contindinghorities Program. The projects and the related
total cost are provided in Table 2-12. This total program cost in actual dollars since 1987 has been
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only $19.5million or lessthan $3million per year. This isabout 7.5 percent of the approximately
$263million spent on the 56 large projects during this same time period (1987-1993). The Federal
expenditure has been much less. Since historical data is limited and the total program is minor with
respect to the specifically authorized program, these projects are not included in the report totals.

Table 2-12 Continuing Authorities Program - Section 103
Projects Completed or Under Construction Since 1 January 1987

Division/ Authority * Project Total Project Cost
District ($000)
NED 103 Prospect Beach, West Haven, CT 2,268
103 Sea Bluff Beach, West Haven, CT 450
103 Woodmont Beach, Milford, CT 1,184
NAP 103 N. Shore Indian River Inlet., DE 886
103 S. Shore Indian River Inlet.,DE 1,029
NAB 103 North Beach, Calvert Co., MD 835
103 Colonial Beach, VA 1,711
NCB 103 Century Park, Lorain, OH 604
103 Sims Park, Euclid, OH 1,345
NCC 103 Lake Bluff-Sunrise Park, IL 300
NPS 103 Lincoln Park Beach, Seattle, WA 3,423
SPN 103 Emeryville Point Park, CA 1,088
POD 103 Lepua Area, AS 1,959
103 Sand Island, Oahu, HI 2,452
Total 14 Projects 19,532

1 Section 103 of the 1962 River and Harbor Act, as amended (Beach Erosion)Control

F. SMALL SCOPE SPECIFICALLY AUTHORIZED PROJECTS

1. Overview. Prior to enactment of Section 103 of the 1962 River and Harbor Act and Section 111
of the 1968River andHarbor Act,several shore ptection projects were authorizedhich were
small insize anctost. If a'Continuing Authority Program" (see above paragraph E) had been in
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effect at that time, these projects would have been constructed under those authorities. There were
a total of 26 of these types of projects constructed; 21 in the New England Division and five in the
Los Angeles District. Thendividual projectswhich comprisethe "Small Scope Specifically
Authorized" projects are identified in Table 2-13. Table 2-13 also provides the authorization, project
length and cost data or these 26 projects.

2. Elimination A summary othe mileageandcost for the 2&mallscopespecifically authorized
projects is presented in Table 2-14. As shown, these 26 projects protect about 16 miles of shoreline
(only 7 percent of the total 226 miles being protected). The 26 projects average about 0.6 miles in
length compared tthe remaining 56 prigctswhich average 3.7miles inlength. At thetime of
construction, the 26 projects had a total Federal cost of about $1.75 million, or an average Federal
cost of about $67,300 per project. The totaldfal cost, adjusted to 1993 price levels, for the New
England Division projects is $5.6 milion and foe Los Angeles District projects $3.9 million. This

total Federalcost of$9.5 million is about 1.1 percent of the remaining total 1993 Federal program
cost (see Chapter 4) and equates to an averagmaf $365,000 per project for the 26 projects,
compared to an average Federal cost of about $15.7 million for the remaining 56 projects.

In addition to their relativelgmallsize anccosts, there iBmited historical data on these projects,

all of which were built during the 50s and early to mid 60s. The small 26 projects were very different
from the majority ofthe projects studied and were interpreted as not representing the intent of the
OMB directive to study Congressionally authorized shore protection projects. Accordingly, these
26 projects were excluded from the data base used to conduct the detailed analysis and will not be
discussed further in thigport. During a briefing on 23 Decemb&®93, OMB concurred in the
exclusion of these projects from further consideration. The location of the remaining 56 projects is
shown on Figure 4-1.

G. OPERATION, MAINTENANCE AND MONITORING

1. General Under the provisions of WRDA '86, the non-Federal sponsor must operate, maintain,
repair, replace and rehabilitate (O&M), a completed shore protemiogect. Auniqueaspect of

beachfill projects is the provision for continuing Federal participation in the periodic nourishment

of such projects where sand is placed on the beach, berm, or diapetosherodedmaterial.

Under PL 84-826, enacted in 1956, periodmurishment is considered to be a continuing
construction feature fdunding andcostsharingpurposes andot an operatioand maintenance

feature when it ithe mostsuitable and economical remedial measure. iindertaken when
necessary to replace storm-induced sand losses and to prevent excessive erosion of the authorized
beach design profile.
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Table 2-13 Small Scope Specifically Authorized Projects, Authorization and Cost Data

. . Type of Length .Of Year Year Original Cost of Adjusted Con_struction

Dist. Project Authorization(1) Shprellne Authorized Completed Construction ($000) Cost, 1993 Prices Levefls
(Miles) ($000)
Federal Total Federal Total
NED Compo beach, CT Beach Erosion 0.70 1950 1962 82 246 513 154D
NED Silver Beach to Cedar Beach, CT Beach Erosion| 3.24 1954 1964 63 333 357 190D
NED Cove Island, CT Beach Erosion 0.23 1958 1961 49 145 294 84p
NED Calf Pasture Beach Park, CT Beach Erosion| 0.42 1958 1963 57 177 352 lltﬂz
NED Cummings Park, CT Beach Erosion 0.19 1958 1963 28 83 158 47”5
NED Burial Hill Beach, CT Beach Erosion 0.09 1950 1958 6 18 41 12
NED Cuilford Point Beach, CT Beach Erosion 0.08 1958 1961 15 45 86 25
NED Gulf Beach, CT Beach Erosion 0.23 1954 1958 21 64 145 43
NED Hammonasset Beach, CT Beach Erosion| 1.89 1954 1956 171 513] 1271 3814
NED Sand Hill Cove Beach, CT Beach Erosion | 1.00 1954 1959 39 118 272 83y
NED Jennings Beach, CT Beach Erosion | 0.36 1950 1955 14 43 112 39
NED Light House point Park, CT Beach Erosion | 0.28 1958 1960 4 12 25 7
NED Middle Beach, CT Beach Erssion 0.13 1954 1958 9 28 63 184
NED Sasco Beach, CT Beach Erosion | 0.17 1950 1961 23 69 150 44
NED Short Beach, CT (2) Beach Erosion | 0.47 1954 1955 0 0 0
NED Southport Beach, CT Beach Erosion 0.13 1950 1960 18 53 119 3511;
NED Woodmont Beach , CT Beach Erosion 0.76 1954 1959 54 166 347 10(“7
NED North Scituate Beach, CT Beach Erosion | 0.47 1960 1969 107 214 473 948
NED Town Beach MA Beach Erosion 0.25 1960 1963 6 17 31 9
NED Wessagusselt Beach, MA Beach Erosion| 0.49 1960 1969 181 381 733 15444
NED Misquamicut Beach, RI Beach Erosion 0.63 1958 1963 15 45 86 25
SPL Imperial Beach, CA Beach Erosion 0.95 1958 1961 69 157 434 fele14
SPL San Diego Beach, Sunset Cliffs, CA Beach Erosion| 0.38 1966 1973 185 370 501 100B
®
SPL Ocean Beach, CA (4) Mitigation 0.32 1958 1955 8 24 62 18|
SPL Dohemy Beach, CA Beach Erosion 1.16 1960 1967 377 753 1914 3890
SPL Anaheim Bay, CA Mitigation 0.95 1954 1959 148 4386 957 313p
Footnotes:

(1) Type of Authorization

a. Beach Erosion. This signifies small beackierocontrol projects authorized prior to the general authority provided by Section 103 of the River and harbor Act of 1962. The updated
Federal cost is less than $2,000,000 at 1993 price levels.

b. Mitigation. This signifies small navigation mitigation projects authorized prior to the general authority provided by Section 111 of the River and Harbor Act of 1968. The updated
Federa cost is less than $2,000,000 at 1993 price levels.

(2) No cost of construction charged to this project. Material input on the beach was from dredging a navigation channel.

(3) Authorized as part of a larger project with a cost in excess of $2,000,000. The more expensive part of the project was deauthorized, leaving a $37,000 revetment and dike project. Due to the scope
of the completed project and the lack of information available, this project was designated as “Projects Which Are Continuing Authority Types.”

(4) Authorized as part of a larger project with an estimated cost of $289,000. This particular $24,000 increment of the project was a reimbursement to the local interests for work they had previously
accomplished as part of the authorized project.
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Table 2-14 Summary - Small Scope Specifically Authorized Projects

Corps Number of Total Length | Original Cost of Construction Cost of Construction Adjusted to
office Projects of Shoreline ($000) 1993Price Levels ($000)
(miles)
Federal Total Federal Total
NED 21 12.21 962 2,770 5,628 16,664
SPL 5 3.76 787 1,790 3,869 9,151
Total 26 15.97 1,749 4,560 9,497 17,575

2. Operation Operation activities of a beach fill project would include assuring public access and
safety, providing basic amenities, protection of dunes, prevention of encroachments, and monitoring
of beach desigeection conditions. Operation of the project should also assure that no acts of man
erode or damage the integrity of the beidthberm and/or dune, or any structure that may be a part

of the project[7]. Recent Corps regulations[8] require the non-Federal sponsor to: perform at least
one complete survey of beach berm, foreshore profilepaective dune each year prior to the
storm season; be certalmat thedry beach width above normal high tide is measured periodically;
and make post storsurveys ofthe protective dune and coastal structures as required by the
operations and maintenance manual.

3. Maintenance Maintenance of a shore protection project includes not only maintaining, but also
periodic replacement, repair, or refi@ion of the measures/structures comprising the project. For

a beachilf project, the primary maintenance respornigibivould be to maintain the beach, berm, and

dune design section by sand relocation (moving sand laterally along the beach) and profile reshaping
(moving sand perpendicular the shore), but excluding beach nourishment that is incorporated in

the project as deferred construction. Maintenance would also include the maintenance, replacement
and repair of dune walk overs, dune vegetation or sand fencing and all necessary repairs to assure the
integrity and workingorder ofanyfixed structure[7]. The non-Federal sponsor must also provide
such maintenance as is required to insure safety and serviceability of required public access, parking
areas and sanitary facilities during periods of recreational use of the project beach. Additionally the
non-Federal sponsor must inspect the facilities 20 to 30 days prior to the recreation season, and at
least once a month during the recreation season, to insure that all required facilities are providing safe,
serviceable publiase[8]. Provision oéll recreational amenitieacludingaccess and parking is a
non-Federal responsibility at all times.
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4. Monitoring

a. The Department of Army regulation on the monitoring of coastal projects was updated in
1993[9]. The objective of the regulation is to assuredhiection of adequate information as a basis
for improving project purpose attainment, design procedures, construction methods and operations
and maintenance techniques. This objective is to be achilereeyh: normal monitoring and
inspection of projects maintained by the Corps; cooperative efforts on beach fill projects maintained
by others, but periodically nourished or reconstructed as part of a Federal shore protection project;
and, a national program for intensive monitoring of selected Civil Works coastal projects maintained
by the Corps (Monitoring of Completed Coastal Projects (MCCP) program). Project-related
monitoring programs should continue to be included in the authority for new or modified projects and
funded as part of the projectEmphasis should be placed on developing a monitoring plan as an
integral part of every coastal project. Protective beach fills require close monitoring (inspection) to
ensure thatlamage reductiobenefitsare realized. Such monitoring @cessaryart ofthese
projects) should be covered in a project operations and maintenance manual and accomplished as part
of the beach nourishment effort. Monitoring tbe projectancluded inthe MCCP program is
funded entirely by the Federal Government. Funding of selected projects under the MCCP program
will be through Operation and Maintenance (O&M) appropriations. Since there is no authority for
Federal participation in the O&M of shore protection projects, these type projects cannot be included
in the MCCP program. Federal monitoring at these projects must, therefore, be funded from General
Investigations or Construction General appropriations.

b. The engineer manual[l1@jat describeshe MCCP program provides guidance on
instruments that are available and procedures to be used in monitoring physical processes at coastal
projects. The manual describes equipment, data handling, and site selection that must be incorporated
into a coastal project monitoring effort. Guidance is provided on how various physical phenomena
can be measured and analyzed. Detailed instructions are given on wave measurements, water level
monitoring, current measurements, water temperature observations, salinity measurements, sediment
sampling, littoral environmental observationgppographic andoathymetric surveysstructural
surveys, visualobservations, photographic documentatia®g conditions and meteorological
monitoring. Examplepresented in theanualtransfer technical knowledge obtained from recent
research activities to the Corps field offices.

5. Report Summary on Operation, Maintenance and Monitorirfte study questionnaire contained

three questions with respect to operation and maintenance: is there an O&M manual; if not, is there
periodic monitoring and/or inspection; and, what is the frequency of monitoring and/or inspection?
The results of the questionnaire are shown in Table 2-15. In summary, of the 56 major projects that
have been constructed, 16 have an O&fdnual. Ofthe 36 projects that doot have an O&M

manual, 18 are monitored and/or inspected periodically. For those that are inspected, the frequency
of periodic inspection varies from once every month to "as needed". Of the 34 projects that either
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have an O&M manual and/or are inspected, about 80 percent are inspected at least once every year.
Four of the questionnaire forms were left blank for this series of questions.

Table 2-15 Operation and Maintenance Summary

Number Type of Project o&M O&M If no O&M
of Manual? | Manual? Manual, is there
Projects Yes No Periodic
Monitoring?
4 | Initial Beach Restoration L B
1 | Nourishment 0 1 1
9 | Initial Beach Restoration/Nourishment 1 8 6
6 | Initial Beach Restoration/Hard Structurgs 1 5 1
30 | Initial Beach 10 17(1) 9
Restoration/Nourishment/Hard Structurges
6 | Hard Structures K 2(2) 0
56 | TOTAL 16 36(3) 18
Notes: (1) 3 forms were left blank

(2) 1 form was left blank
(3) plus 4 blank forms

H. SUMMARY

The U.S. Army Corps of Engineers shoreline protection program has evolved over the last 50 years
in response to coastal storms andrdwmilting Federal legislation. As ddily 1993, the program
consisted of 82 specifically authorized projects along 226 miles of ocean and Great Lakes shoreline.
These projects account for less than one percent of the natal’ shoreline andibouteight

percent of the critically eroding shoreline. Over this period of time, the projects have changed from
primarily hardened structures (groins, breakwaters, seawalls, etc.) to soft structures (sand fills) and
from primarily beach erosiatontrol projects with an emphasis on providing for recreation demand,

to storm damage reduction projects providing incidental recreation benefits. Of the 82 projects, 26
were specificallyauthorized in the late 1950s aearly 1960s, but weremall inscope having an
average Federal cost at the time of construction of about $67,000 aerage length of only about

0.6 miles. EBcause of the small size dadk of information on these old projects, they were deleted
from further detailed discussion in thisport. Inaddition to the constructed projects, there are
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another 26 projects either under construction (1), authorized/awaiting initiation of construction (10),

or are in the preconstructiangineering and design phadé&). These 26 projects, dll are
constructed, will protect another 151 miles of the Nation's critically eroding coastline.
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CHAPTER 3 - RISK MANAGEMENT IN COASTAL ZONES -
OVERVIEW OF PROGRAMS

A. PHYSICAL SETTING

1. Beach Types Shorelines othe UnitedStates cover a broad range of procesgeslogy,
morphology, and landsages. There afwe United Statescoastlines; Atlantic, Gulf of Mexico,

Pacific, Great Lakes, and the Arctic. Although the processes of waves, water levels, tides, currents,
and winds affecthe coaststhey vary in intensity and relative significance. Variations in sediment
supply and local geological setting result@astal diversity. The common image of a long, straight,
fine-sand "beach" with a gently-sloping offshore and alaegurf, is not the normal shore type. Not

all "beaches" are sandy, nor are alirgls dominated by wave action. Some shores are clay bluffs or
rocky headlands, while others are shallow mud flats or lush wetlands. For some shores, tidal currents
or river discharge dominate sediméra@nsportand the shore character. Sharaterials include

muds, silts, sands, gravels, cobbles, and erosion-resistant bedrock. In portions of the United States,
the coastal area is sinking and gradually becoming digéom. In other areas, new shore lands are
developing or rising out of the sea.

2. Erosion CharacteristicdNot all shores are in equilibrium with the present littoral system. Shores

with a character inherited from previous non-littoral processes (i.e., glacial or deltaic materials) may
experience significamates of erosion under present conditions. Some sbahdst short-term

seasonal or episodic event-driven cyclic patterns of erosion and accretion. Other shores demonstrate
long-term stability (balanced sedimenpply and no relative séavel rise influences). Accretion and

erosion are natural responses to the processes of the shore. Shores which have been heavily modified
by man's activities usually require a continuing commitment to retain a status quo.

B. DEMOGRAPHY OF THE COASTAL ZONE

1. Population The present rate of growth in coastal areas is the single driving force behind all of the
Federal programthatdeal with risk management that particularly populousirea ofextremely

small size. A 1988 national assessment bNtitgonal Oceanic and Atmospheric Administratioh[1]
confirmsthis increasing developmeinend along the Nationghoreline. According tthe report,

almost one-half of our population now lives in coastal counties. Using the projections of the 1988
report and current information obtained from the United States Census Bureau, coastal population
is expected to grow from 80 million in 1960 to approximately 135 million people by the year 2010,
an increase of almost 70 percehthile the percent of the populatidiming in coastal counties is

2 Numbers in brackets "[ 1" refer to reference numbers. References for Chapter 3 are at the end of the Chapter.
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projected to remaionstant over the next 20 years, it must be recogrizadtheland area
encompassed by these coastal counties is much smaller than that of the non-coastal counties, resulting
in a decidedly denser population.

2. PopulatioDensity Coastal counties are thaslentified by eithethe Federal Coastal Zone
Management Program, managed by the National Oceanic and Atmospheric Administration (NOAA),
or by individualstate coastaihanagemenprograms[1]. This encompassdble 30 coastal states,
includingthe states around the Great Lakes, the District of Columbia, boroughs of census areas of
Alaska and independent cities in Virginia and Maryland. The 451 coastal counties (out of a national
total of 3,143) account for 20 percent of the Natitotal landarea. If thdandarea ofAlaska is
excluded, the coastal county land area comprises only 11 percent of the remaining national total. In
1960, population density of the United States waseddons per square mile; in coastal states it was

100 persons per square mile; and in coastal counties it was 248 persons per square mile. By 1988,
population density in coastal counties reached 341 persons per square mile, more than four times the
U.S. average.Continued population growth in coastal areas portémdsased crowding of the
relatively small, but densely populated, portion of the Nation[1]. Seventeen of the 20 states with the
largest statewide populatiancreasesre coastal. In Floridavhich is defined as entiretyoastal,
population is expected to increase by 11 million, a 230 percent change between 1960 and 2010[1].
The population density for this time period is shown in Table 3-1.

Table 3-1 Coastal and Non-Coastal Population and Density Change, 1960-2010

County 1960 1990 2010
Population | Density | Population| Density | Population| Density
Coastal 80 250 112 350 135 420
Non-Coastal 101 39 138 53 165 64
Nation 181 62 250 86 300 103

While the percentage population change between 1960 and 2010 for coastal conatiesuish

greater than for non-coastal counties (69% versus 63%), this is not indicative of the true nature of
the development. In coastal counties, the density of development is even greater along the shoreline
than it is for the county as a whole.

3. Building Permits Results of this coastal area trend in increased density can be seen in building
permit activity. While the construction osingle-family homes, offices, and shopping centers is
usually seen as a sign of healthy econogmmwth, thedilemma of balancinghis growth and
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protecting coastal areas through soumhagement is increasingly becoming a nationakern.

Building permitdatahas recently been tabulated by NOAA[2]. Teeort by NOAAused data

derived from the permit database of the Bureau of the Census. The database represents the number
of residential units and non-residentwalildingsauthorized byuilding permits between 1970 and

1989. Across the Uniteda&es, an average of 16,000 permits were issued each year during the 20-
year period. Thereport compiled the data for tHellowing categories; residenti@onstruction,
commercial and industriglonstruction, and hotel and recreation constructiorsurAmary of the

findings is shown in Table 3-2.

Table 3-2 Building Permits 1970-1989

Coastal States
Item . ]
Coastal Counties Non-Coastal Counties Non-Coastal States
Housing Units 47% 36% 17%
Commercial & Industrial 40% 40% 20%
Hotel & Recreational 45% 36% 19%

While there were dathmitations listed inthe NOAA report, it isobviousthat ineverysector of
construction, activities were more intense in coastal states, and further, most of those activities were
in the narrow 11 percent of the Nation's coastal margin shoreline.

4. Impacts of Demographic Trends

a. With populationgrowth, has come development and a corresponding increase in
vulnerability to coastaldrards, storms and hurricané®r example, the property-casualty insurance
industry has estimated that its insupg@perty exposure inesidential and commerciabastal
counties in the 18 Gulf and Atlantic Coast States increased 65 percent, from $1.13 trillion to $1.86
trillion, overthe period from 1980 to 1988. Thdggires donotinclude amount$or the Pacific
Coast, or near-coastal cities such as Houston and Philadelphia, that could be (and have been) affected
by coastal storms, or any uninsured property or self-insured government property. This change is a
result of increasing property values, as well as of greater numbers of properties insured. Insurance-
industry liabilities insome statesavegrown muchfaster during this period thahe coastal-state
average. For example, because of Hurriddogo in 1989, SoutiCarolina had an 83 percent
increase in insurance claims. Many insurance companies decided to pull out of Florida coverage after
Hurricane Andrew hit Florida in 1992, andhets are increasing premium rates significantly, perhaps
an indication of future trends[3].
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b. Hurricanes and severe coastal storms are among the most destructive and costly of natural
phenomena. Flooding, erosion, and wind damage caused by such storms result in many lost lives and
hundreds of millions of dollars of property damage every year. The Atlantic and Gulf coasts of the
United States are especially vulnerable to hurricanes. Since 1871, roughly 250 hurricanes of varying
intensity have struck parts of the coast between Maine and Texas. Virtually no segment of this coast
has been spared[3]. The destructive potential of a hurricane is a function of both its intensity and the
density of development in the area affecteddpplied Insurance Researchc., in Boston,
Massachusetts, has developed estimatestaflosses for majolJ.S. cities if a major hurricane
should strike. They estimated, for example, that a category 5 hurricane (see Chapter 2, Table 2-1 for
the "Saffir/Simpson Hurricane-Intensity Scale") could generate $43 billion (in 1993 dollars) in losses
at Galveston, Texas and a category 4 hurricane coelte $4 billion dollars in losses on Long
Island, NewYork (seeTable3-3)[3]. As a point of reference, both Hurricane Andrew when it hit
south Florida in August 1992 and Hurricane Hugo which hit South Carolina in 1989 were category
4 hurricanes.

Table 3-3 Estimated Cost of a Major Hurricane Striking
Densely Populated Areas or Major Cities

Saffir-Simpson Category | Landfall Location | Estimated Total Loss (Billions of 1993 Dollars) |

5 Galveston, TX 43
5 New Orleans, LA 26
5 Miami, FL 53

5 Ft. Lauderdale, FL 52
5 Hampton, VA 34

4 Ocean City, MD 20
4 Asbury Park, NJ 52
4 New York City, NY 45

4 Long Island, NY 41

c. Even withthe known dangergimericans continue to migrate to beaakas. Recent
surveys of coastal-property owners suggest that many have a solid appreciation for the dangers and
risks of buildingandliving in coastal areas, but séerricanes and coastal storms as simply a
necessary part of the tradeoff for thenefits ofcoastalliving. Box 3-1 shows the results of a
guestionnaire mailed towners of beachfront property Bouth Carolinaheavily damaged by
Hurricane Hugo in 1989[4]. This survey shavat fully 80 percent of the respondents will continue
to live with the risks.
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Box 3-1

Results of a Mail Survey of 132 Owners of Beachfront Property in South Carolina After

Hurricane Hugo That Asked the Question:
"Now that you have experienced the effects of a Hurricane, has this had any influence on
your feelings about owning beachfront property?"

Answer Percent
1. Yes, would not buy beachfront property again. 6
2. Yes, would like to sell my property and buy property in a safer location. 7
3. No, hurricanes are just a normal risk in beachfront areas. 39
4. No, the benefits and enjoyments of beachfront living outweigh the potential risks. 4p
5. Other. 6

Eventhose who were devastated by such eveidtaot generally haveegrets or plan to move to

safer locations. A related obstaclehe economic advantage of beachfront locations. Owners of
beachfront propertynay bereluctant to relocate structuresrsk until they have nearly collapsed

into the surf because the income from renting these units on the beach is substantially higher than it
would be on sites farth@mland. Also, equivalent beadtont property is ofterunavailable or too
expensive[3].

d. Since population near tleeast is growing faster than othregions of the Nation, the
infrastructure needed to supptirat population is also rapidly expanding. This expansion results in
a corresponding decreasevafuablenatural habitats asell astheimposition ofother direct and
indirect adverse environmental impacts. The continued population increase in the coastal area and
its associated pressure on the limited resources of the Nation's coastal zone has, over time, resulted
in an array of Federal, state, county and municipal programs aimed at managing the associated risks.
Risks are posed to concentrated populations and related properties by the natural hazards
characteristic of coastal areas and also by development on limited coastal zone resources.

e. From an abstract social standpoint, flood damages and/or erosiohltwe adverse
consequences unless they threaten something deemed to have social value (economic, environmental,
aesthetic, recreational, health or safety, etc.). There are many ways to protect development located
in coastal areas. Damages from flooding and shore erosion include loss of beaches for recreation; loss
of waterfront land; damage to highways, residences, commercial development and other waterfront
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structures; and, loss of wetland aoither habitats important tonarine andcoastallife forms.
Developmental pressures can aggravate the natural dynamics and exacerbate the problem, as can an
array of solutions designed to mitigaibe damageslronically, coastlines such as barnglands,

which can least withstand development pressure, attract strong development interest[5].

C. FEDERAL PROGRAMS
1. General

a. Any Federal program is the direct result of Congressional legislative activity. While there
is no single, comprehensive program that addresses the many problems of risk management in coastal
zones, there are various programs in place at each level of government and within the private sector
which are directed at the identified problems.

b. In 1930, Congress authorized the Corps, in cooperatitin states andlocal
governments, to research and investigate problems concerning the effects of erosion and storms on
developed coastal areas. This evolved into the Federal shore protection program being covered by
thisreport. Bycomparison, other major Federal programs, relevant to risk management in coastal
zones, are of more recent origins in time. Specifiqdllythe National Flood Insurance Act of 1968,
administered by the Federal Emergency Management Agency; (2) the Coastal Zone Management Act
of 1972,administered byhe NationalOceanic and Atmospheric Administratidi3) the Coastal
Barrier Resources Act of 1982, administered by the Department of Interior, U.S. Fish and Wildlife
Service; and, (4) in 1990, the National Coastal Geology Program, administered by the Department
of the Interior, U.S. Geological Survey.

c. Brief descriptions of these programs, starting with the most recent, are provided below.
This is followed by a general discussion ) theprinciples and practicassed by the Corps in
planning and evaluating the economic feasibility of shore protection projects; (2) policies pertaining
to the Federal shore protection program; #85abrief discussion othe engineeringaspects of
beach fill and nourishment, as this is now the primary method of shore protection.

2. National Coastal Geology Program

a. The National Coastal Geology Program (CGP) is a component of the U.S. Department
of the Interior, Geologic Survey's Marine and Coastal Geologic Surveys. Its purpose is to increase
the understanding of coastal problemsirhproving predictive capabilitiesequired to rationally
manage and utilize the Nation's coasts. Specifically, the program's intent is to improve the ability to
predict future erosion, the fate of wetlands, the accumultidrdispersal of polluted sediments, and
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the locations oeconomically valuablaéardminerals includingsand. Thigprogram duplicates, to

some degree, the Corps’ shore protection program. Studpgysitalprocessesneasuring and
predicting erosion, societal impact of the problems, storm frequencies, sand searches and borrow area
locations are all facets of both programs.

b. Aninitial research plan to address coastal issues nationwide was prepared in Fiscal Year
1990 in response to a request fritra Congress. In the Committee report accompanying the Fiscal
Year 1993 Department of the Interior appropriations bill, the Congress directed the U.S. Geologic
Survey to evaluate and update ¢ésting plan. As in the 1990 plan, information on research needs
and data gapbkas been gathered frotine coastal states and island territories. The updated plan
outlines abroad-based research program composed for four sub-g(dygspastal Erosion, (2)
Wetlands Deterioration, (3) Coastbllution, and(4) Hard-Mineral Resources (such as sand
sources).

c. During Fiscal Year 1993, the CGP supported r@geonal studies in ten states, with four
addressing erosioriywo addressing pollution, and three addressing wetlands deterioration. In
addition, a comprehensive investigation was begun on the impact of hurricane Andrew on the barrier
islands of Louisiana. All studies are funded on a 50/50 cooperative basis with other Federal or state
agencies, and/or universities. Fundamental studies, regional studies and catastrophic event studies
are included in the program.

d. This program duplicates to a considerable degree the U.S. Department of the Army shore
protection program. Studies of physical processes, measuring and predicting erosion, societal impact
of the problems, and storm frequencies, sand searches and borrow area locations are all facets of the
Corps’ program.

3. Coastal Barrier Resources Act

a. The Coastal Barrier Resources Act (CBRA) waseqzhby the Congress in 1982 (PL 97-
348). The purposes of the Act are toimire loss of human life, wasteful expenditures of resources,
and damages to fish and wildlife resources associated with coastal barriers. The Act established the
Coastal Barrier Resources System (CBRS). The CBR&t®0§182 units on undeveloped coastal
barriers along thétlantic and Gulf coasts (totalling 656niles of ocean frontshoreline and
encompassing 454,000 acres). Thepkohibits Federal expenditures for construction, purchase or
stabilization of projects within the protected area (including the denial of Federal flood insurance and
disaster assistance).

b. This legislation was passed because of theeras over past and possible future damage
costs, along with environmental and public safety concerns and the realization that Federal programs
have historicallyencouraged and assisted development of bastaerds with resulting losses of

-7



Shoreline Protection and Risk Management in Coastal Zones
Beach Erosion Control Study Overview of Programs
1

natural, cultural, recreational, and other resources[6]. The program is administered by the Secretary
of the Interior through the Fish and Wildlife Service. The Act precludes Federal expenditures that
induce development on coastal barrier islands and adjacent nearshore areas. Except for maintenance
of existingprojects, no new Federal expendituredimancial assistance aralowed forthe areas

within the system.

c. Section 6 of the Act sets forth several exceptions to the general prohibitions of Federal
expenditure. Exceptions to the Act are permitted if the expenditure is for non-structural projects for
shoreline stabilizatiothat aredesigned tanimic, enhance orestorenatural stabilization systems.

In June 1994, the Department of the Intedlarified its position of exceptions to the Act. Sand
cannot be taken from a system unit and placed outside of that same unit. The entire project must be
within the unit and cause no damage to the unit, for exceptions under Section 6 to apply.

d. The CBRSwas expanded in 1990 under the coastal Barrier Improvement Act (PL 101-
591) to includeés60 units comprising 1.3 million acres and 1200 shoreline miles. In addition, under
the 1990 Act, the Department ofénior was directed to map all undeveloped coastal barriers along
the Pacific Coast for eventual inclusion by Congress in CBRS[3].

e. Several studies hageught to evaluate treffectiveness ofhe CBRA at discouraging
barrier-island development. These studies (1)GodschalkD., Impacts of the Coast&8arrier
Resources Act: A Pilot Studyashington, DC: Office of Ocean a@tastal Resource Management,
National Oceanic and Atmospheric Administration, 1924;GodschalkD., The 1982 Coastal
Barrier Resources Act: A New Federal Policy T.aok"Cities on the Beach", Platt (ed.), Chicago:
University of Chicago, 1987; (3) Jones, E., and W. Stolzenbeilglif®) in Coastal Barrier Resource
System Washington, DC: NationalVildlife Federation, 1990; an@) U.S. Congres¥seneral
Accounting Office(GAO), Coastal Barriers: Development Occurring Despite Prohib#gainst
Federal AssistanceGAO/RCED-92-115, Washington, DC: GAQuly 1992. These studies
suggested that the CBRA has not stopped development pressures on undeveloped coastal barriers,
although the withdrawal of Federal subsidies has had some effect on discouraging new development.
The General Accounting Office, in ifaly 1992report, noted that th&vailability of accessible
coastal land is limitefand] populations of coastal areas are expected to increase by tens of millions
by year 2010. Thipopulation increase will further spur market demand, providing an incentive for
developers, owners, and investors to assume the risks associated with owning and building in these
storm-prone areas"[3].

4. Coastal Zone Management Act

a. The Coastal Zone Management Act (CZMA) of 1972 (PL 92-583) is administered by the
Department of Commerce’s National Oceanic ando&pheric Administration (NOAA) through the
Office of Ocean and Coastal Resource Management. The Act declares a National interest in the
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effective management of the coastal zone; and that primary responsibility rests with state and local
governments. The CZMA authorizes Federal grants to states for development and implementation
of coastal management prografoswater and land resources in coastal zones. When the CZMA
was amended in 1980, goals for both flood loss reduction and protection of natural resources were
incorporated in the coastal management goals. States were required to provide for "the management
of coastal development to minimize the loss of life and property caused by improper development in
flood-prone, storm surge, geological hazard, and erosion-prone areas and in areas of subsidence and
saltwater intrusion, and by the destruction of natural protective features such as lthawes,
wetlands and barrier islands.” As part of the most recent reauthorization of the CZMA, in 1990, the
states were encouraged to provide for "the study and development, in any case which the Secretary
[of Commerce] considers it to be appropriateplains for addressing the adverse effects upon the
coastal zone of land subsidence and of sea level rise..."[6].

b. Section 307 of the 1972 Aaquires that proposed Federal activities in the coastal zone
shall requirestatecertificationthat theactivity complies withthe states's approved coastal zone
management program. No Federal license or permit shall be granted without the state's concurrence.
The 1990 Coastal Zone Management Agtendments clarifies that all Federal activities, whether
in or outside of the coastal zone, are subject to the consistency requirements of Section 307 of the
1972 Act, if they affect natural resources, land uses or water uses in the coastal zone.

c. The 1990 modification t8ection 309 of the 1972 CZMA also established Coastal Zone
Enhancements Grants. The purpose of this was to encourage the states to undertake improvements
to their existing coastal management programs to address one or more of eight identified objectives.
One of these objectives is "preventingsgnificantly reducing threats tbfe and destruction of
property by eliminating development and redevelopment inffaglard areas, managing development
in other hazard areamnd anticipating and managing the effects of potential sea level rise and Great
lakes level rise." The Enhancement Grants, which are 100 percent Federally funded, are supported
by a percentage of funds appropriated for support of the basic coastal management program[6].

d. Since 1972, the states have Hadds availablethrough the U.S. Department of
Commercefor the development anamplementation ofcoastal zone management programs.
Althoughthe program is voluntary, participatibas been very high. All of the coastal states now
have Federallapprovedolansexcept for Texas, Georgilljinois, Indiana,Minnesota, and Ohio.
Georgia and Minnesota have coastal regulatory programs)diuederallyapproved coastal
management programs. Coastal management progra@alifaornia andOregon predate the
Federally supported effort[6]. Theresgnificantnatural diversity irshore types throughout the
United States. Consequently, engineering, land use, and shoreline policy strategies have developed
regionally and are flexible to the local situation. Successful and implementable legislation developed
for general coastal application tends to be sensitive to this diversity. Each coastal state with a Coastal
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Zone Management Plan (CZMP) defines its coastal zone in a way to suit its own particular needs, and
each state has place aset oflaws and regulations designed to addtbsesneeds dafhat state in
controlling theuses of its coastal zone. There are significant differences between one states CZMP
and another; however, all programs must meet the procedural requirements of the CZMA.

e. Through their coastal management programs, the states have adopted a great variety of
measureshatdirectly or indirectlyaddress coastébodplains and naturaksources. Some have
adopted comprehensive legislation that includes various provisions for restoration and preservation
of living resources, natural aredlwodplains, andther resources. Othekamples of measures
include: beach and sand dune protection plans, ordinances, and regulations; watigimgy and
regulatory standards; use standards for critical areas; designation of areas for preservation/restoration;
and, site plan reviews for development in the coastal areas.

f. As shown in Table-4 all but two coastal states have some formstdtemandated
regulatory mechanisnthough notnecessarily aerosion setbackne, by which they prohibit or
otherwiserestrict certain types of new development in designated portions of their coastal zones.
Almost all coastal states restrict construction of new structstiabilizationprojects, but few
specifically restrict reconstruction of shoreline protection and erosion control structures damaged by
50 percent or more. Only abolilf the states havany explicit provision irtheir coastal zone
management programs for the relocation of structures in erosion prone areas, as distinguished from
provisions relating the National Flood Insurance Program. Direct state permitting iSs more common
with respect to coastal floodplains than riverine floodplains [6].

g. Virtually all coastal states have public policies assuring or encouraging public access to
their respective coastal water, although not expressly related to renourishment projects funded by the
United States.

h. The CZMA has stimulated considerable coastal planning and management that may not
otherwise have occurred or would have occurred more slowly. Funding levels at the Federal level
have remainedhirly constantincethe early1980s. Some stateave aggressively managed and
controlled coastal development, whereas others have lidilene NOAA hasnot asyet applied
sanctions availablender Section 312 to states that miat fully implementtheir adopted and
approved programs[3].
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Table 3-4 State Regulations for Coastal and Lakeshore Floodplains

| State | Coast | Lakeshore | Sand Dunes | Erosion |
Alabama S S

Alaska

California S S

Connecticut SL SL

Delaware SL S S
Florida L S.L S,AL
Georgia S S L
Hawaii S

lllinois AS

Indiana S

Louisiana A L

Maine AS,L S,L AS,L S
Maryland S S
Massachusetts SL SL L

Michigan AS S L+
Minnesota L

Mississippi S

New Hampshire L S

New Jersey S S

New York L+ L+ L+ L+
North Carolina SL S.L SL
Ohio

Oregon L L L L
Pennsylvania

Rhode Island S S

South Carolina

Texas A,S

Virginia

Washington L L L
Wisconsin L

A = Rules apply only in certain areas, e.qg.,lllinois and Michigan lakeshore regulations apply only to the Great Lakes
L = Local regulations must meet state requirements

S = State directly regulates development

+ = State will directly regulate if local governments do not

Source: Association of State Floodplain Managers. "State Floodplain Management Programs. Results of a Survey Conducted by the Association
of State Floodplain Managers for L.R. Johnson Associates," 1988.
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5. National Flood Insurance Program

a. The National Flood Insurance Program (NFIP) was authorized under the National Flood
Insurance Act, PL 90-488This program was created by Congress in 1968 to prdvetkerally
backed flood insurance coverage to property owners since it was generally unavailable from private
insurance companies. The program is administered by the Federal Insurance Administration (FIA),
a unit of the Federal Emergency Management Agency (FEMA). The program was intended to reduce
future flood losses by ensuritigatnew development is adequately protected from flood damages
and to place greater share of the costs of floddmages othose most atisk rather than the
taxpayers nationwide. The NFIP is based on a mutual agreement between the Federal government
and communitieshat have beeitentified asflood-prone. Inadministeringhe program, FEMA
makes flood insurance available to those communities that adopt land-use regulations, with adequate
enforcement provisions, whiakiould reduce future flood losse3his is accomplishethrough a
local floodplain management ordinaritet meets or exceeds tmeinimum requirements of the
NFIP(7). Of approximately 18,000 communities nationwideliaae been identified as flood-prone,
approximatelyl,800 are subject to coastal hazards produced by storm-surge or erosion. As a
condition of making flood insurance available, the NFIP requires that a community regulate new and
substantially improved construction so that it is designed to withstand hydrostatic, hydrodynamic and
other forces produced during a flood with a 1 percent annual probability of occurrence (i.e., the 100-
year flood)[8].

b. Some criticism has beatirected toward the NFIP aspmimary cause of rampant
development experienced along coastlines during the past several decades. However, a 1982 report
by the U.S.Government Accounting Office[9] concludéakat theeffect of NFIP wasmarginal,
added incentivefor new coastal construction and renovations. Other studies intheafe®od
insuranceavailability isnot asignificant stimuludor coastal development[10]. Factg®viding
more impetus for development than insuraaeethepsychological value afcean front property
ownership; reakstateinvestmentreturn; rentaincome remuneration; Federal astatefinancial
assistance for infrastructure emplacement, and Federal tax policies such as casualty loss deductions.
Without the NFIP, coastal development would occur regardless, but much of it without the mitigating
aspects of prudent coastal construction standards. The other important, but often overlooked,
purpose of flood insurance is to help defray the cost of repairing flood-damaged buildings, rather than
complete reliance on disaster relief funds and Federal income tax deductions for uninsured property
losses. New and substantially improved construction in coastal flood-hazard areas is rated actuarially,
based on flood risk. The actuanates, however, are based on flood hazardsistence when a
building isconstructed, and doot consider thancrease in flood risk associated with long-term,
coastal erosion|[8].

c. Inthe recent 2nd Session of the 103rd Congress, lawmakers did not vote on legislation
that gradually would have increased premiums and denied coverage to new construction in the 30-
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yearerosion zone, the most vulnerable part of the United States coastline. Instead, the lawmakers
approved a measure requiring a two-year study to map erosion rates along selected coastlines. The
bill would also require the government to take action against lendensredide mortgages in flood-

prone areas without requiring flood insurance coverage[11].

6. Corps of Engineers Shore Protection Prograhe U.S. Army Corps of Engineers has been given

a very different mission bghe Congress, i.e., It is authorizedplan, design andonstruct shore
protection projects. The Corps is also authorizgaetéorm basic research in coastal engineering

and is the preeminent coastal organization, public or private, in the United States. The Corps’ shore
protection program is limited to densely developed coastal areas and is directed at producing gains
in economic efficienciethrough hazardnitigation, and to establigbroject protectiorines which

preclude any future seaward advance of coastal development. Details of this program, as it addresses
risk management, are given in the following paragraphs of this chapter.

7. Summary of Federal Program# summary, the Federal programs described above address risk
management in terms of natural resources and development in the following manner:

a. The National Coastal Geology Program, ilmproving predictive capabilities and
understanding of large-scale coastal erosion problems;

b. The Coastal Barrier Resources Act,gopnomic disincentives to developmést the
purpose of preserving the natural characteristics of coastal barrier units and preventing or reducing
the risk of development in the high hazard coastal zone;

c. The Coastal Zone Management Act, by encouraging state and local regulatory constraints
to attain an appropriatealance ircoastal resource uses and to minimize coastal hazards exposure
to developments (e.g., set-back lines);

d. The National Flood Insurance Program, by economic (insugaeogums) incentive
approach to foster adoption of state and/or community building codes and set-backs in the interest
of hazards mitigation; and,

e. The Corps of Engineers Shore Protection Program, by research, design, and construction
of economically and environmentally sound projects.

8. The Tax Code
a. Only briefly mentioned in the above Federal Programs affecting beach front development

is thematrix of Federalstateand localtaxes. Taxes can and have been used to encourage and
discourage construction in flood-prone areas. As noted by the U.S. Department of Treasury in 1984,

-13



Shoreline Protection and Risk Management in Coastal Zones
Beach Erosion Control Study Overview of Programs
1

"The United States income tax is not used simply to raise revenue. Instead it is used to subsidize a
long list of economic activities through exclusions from income subject to tax, adjustment to income,
businesgdeductions unrelated to actual expenses, deferral diatablty, deductions of personal
consumption expenditures, tax credits and preferential tax rates" [6].

b. The Tax Reform act of 1986 made major changes in the tax code. These changes were
in large part designed to reduce the code's interference with economic decisions made by individuals
and businesses. Still, several major coastal-development subsid@silable in the U.S. Tax Code.

It must be noted, however, that similar tax code “subsidies” apply to all property no matter where it

is located. Everyone who has uninsured damages benefits, e.g., wind, earthquake, rainfall, tornado,
etc. Within certain limits, the casualty-loss deduction allows coastal property owners to deduct the
cost of uninsured damages resulting from hurricanes and other natural disasters. Other Federal tax
subsidies includeterest and property-tax deductions for second homes (which comprise much of
coastal development) and aerated depreciation for seasonal rental properties[3]. An article titled
"Rentals by the Sea" in tliily 30, 1994WashingtonPost outlined the importance of taxes on
oceanfront rental property and stated that taxes are a key part of any purchase.

c. Manystate, countyandmunicipalgovernments base their tax codes on the Federal tax
code (as well as developing some of their own) and, accordingly, increase development incentives.
The total impact of taxes on encouraging development in the coastal area is unknown and estimates
of their aggregate cost are hard to assess. There is little doubt, however, that the extent of implicit
public subsidy is substantial[3].

D. AN OVERVIEW OF PLANNING AND ECONOMIC EVALUATION
PRINCIPLES AND PRACTICES THAT GUIDE THE U.S. ARMY CORPS OF
ENGINEERS

1. Introduction

a. The Corps has a number of programs, derived from various Congressional authorities, to
undertake a wide variety of studies and prowtiger services irthe interest ofleveloping and
managing certain of the Natiomgter resourcesPlanningprograms and studiescludethose
funded inthe General Investigations Prograpart of the Corps budgeind theContinuing
Authorities Program.

b. Studies for project authorization are undertaken in response to egtuglysspecific
authority or a standing authority. Study-specific authorizations may be a resolution from either the
House or Senate Committee Bablic Works and Transportation, amcluded in a public law.
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Standing authorities provide the Secretary of Ay, actingthrough theChief of Engineers
authority to plan, design ammbnstruct certain types of water resources projects witpmrdific
Congressional authority. Six legislative authorities make up this standing authority, more commonly
known as th&ontinuing Authorities Program (see Chapter 2, Paragraph E.). Studies undertaken
in response to these authorities are now conducted in two phases in accordance with the provisions
of the Water Resources Development Act of 1986 (WRDA 86)s process encourages significant
non-Federal participation in studies, thus concentrating limited Federal funds on studies which will
lead to implementation projects wittrong Federalsupport. Thefirst study phase is the
reconnaissance phase. This phase is conducted at full Federal expense and is limited to 18 months
in length. The objective of reconnaissance studies is to enable the Corps to determine whether or not
planning to develop a project should proceed to the more detailed feasibility study phase. Feasibility
studies are conducted tavestigate and recommend solutions vater resourceproblems.
Feasibility studies are cost shared 50/50 with a non-Federal study sponsor.

c. The procesdhhthas evolved on a Fedetalel toassist in formulating and evaluating
water resource projects is the National Economic Development objective, or NED. The underlying
fundamental economic problem is that eannot do everything. THEED principle is a policy
developed to guide Federal water resource planners in their choice of problem solutions. Choice is
the fundamental business of economics. Becalisesources are scarce, we are forced to make
choices when they are used. Choose more of one thing and you simultaneously are choosing less of
another. The process of developing a plan for the use of a water resource is an exercise in dealing
with the fundamental economic problem of scarcity. The NED principle ensures that a project will
be constructed only if the project outputs - the benefits to the Nation from the use of the resource -
exceed the cost of using it.

d. Widespread use tie benefit-cosanalysis as gest of aproject’s economievorth is
generally considered to have groamt ofthe Flood Control Act of 1936. lilis Act, Congress
required that the U.SArmy Corps ofEngineers recommend a projextly "if the benefits to
whomsoever they may accrue are inesecof the estimated costs, and if the lives and social security
of people are not otherwise adversely affected.”

e. Ifthere is an economically justified project, decisions on whether and to what extent there
should be Federal participation are guided by a concept of the Federal interest that has evolved from
legislation, fromprecedent in project authorization and construction, and from budget priorities.
Federal participation must be otherwise warranted. Federal participation is limited in circumstances
where there are special and local benefits wlachrue to aimited number of identifiable
beneficiaries. The Federal governmdoes notparticipate infacilities whichproduce outputs
incidental to basic project purposes. Federal funds are not budgeted for a project unless a significant
proportion of the project outputs have a high budget priority.
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2. Basic Evaluation Principles

a. The principle guideline®r planning by Federal agencies involvedwater resource
developmentare governed by the Marct0, 1983, Water Resourc€ouncil's_Economic and
Environmental Principles and Guidelinies Water and Related Land Resources Implementation
Studies better known as "The Principles and Guidelines" (P&G). Although each project and project
setting presents unique problems and opportunttiesCorpsapplies a consisteset ofdecision
criteria to participation in projegilanningand construction. The P&G statémt "theFederal
objective of water and related land resources project planning is to contribute to national economic
development consistent with protecting the Nation's environment, pursuant to national environmental
statutes, applicable executigeders,andotherFederal planningequirements.” Iother words,
economic benefits tdhe Nation must exceed projecbsts, withoutunnecessary sacrifice of
environmental resources.

b. The Corpscomplies withall environmental laws and Executi@ders. The Corps
carefully considers and seeks to balance the environmental and development needs of the Nation in
full compliance with the National Environmental Policy Act of 1969 (NEPA) and other authorities
provided by Congress and the Executive Branch. Alternative means of meeting competing demands
generated bhiumanwater resourceseeds aréentified and their environmental values examined
fully, along with the economic, engineering and social factors. Those significant adverse impacts that
cannot be avoided are mitigated as required by Subsection 906(d) of the WRDA '86. This subsection
requires the Secretary of the Army to include in reports submitted to Congress for authorization of
construction, a specific plan to mitigate fish and wildlife losses or a determination that the project will
not have a significant adverse impact on fish and wildlife resources.

c. Participation in shore protection projects is limited to beach restoration and protection,
not beach creation or improvememnless such improvement is need@dengineeringopurposes.
The term "restoration” was substituted for "improvement" in the amendment of July 28, 1956 (P.L.
826, 84th Congress) so that thasisfor Federal concerhecamé'restoration and protection" as
opposed to creation of new lands. Accordingly, Federal participation in restoration is limited to the
historic shoreline. It does nptovide for Federatostsharing in extending a beach beyond its
historic shoreline unless required for protection of upland areas.

3. Planning Process

a. Systems ApproachThe Federal planning process is a systems approach and consists of
a series of steps directed toward formulation of an array of alternative plans. The plans each address,
in some measure, the water and related land resources problems and opportunities, and respond to
the stateand county andhunicipalconcerns. The key to the systems approach is that erosion and
storm damage problems do not stop at political or municipal boundaries, but rather have natural or
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physical limits. The physicalboundaries of thproblem arearefirst described. Thedenits are

selected in relation to natural physical processes in combination with geophysical characteristics. The
study area is often divided into adjacent reaches bounded by natural or manmade inlets, which serve
to substantially interrupt or limit the continuity of natural longshore littoral processes. The reaches
are selected so that within a given reacthittoral cell, similar natural processes occur such as wave
energy, geotechnical properties, littat@nsportand associated beach/infgbcessesUsing this
approach, alternative plans can be developed and impacts considered within a systems context. The
ultimate goal is to optimizéhe combined effectiveness and econoreficiency of the shore
protection, navigation maintenance and dredged material disposal and other activities in each reach
and adjoining reaches.

b. Six PlanningSteps The Federgblanningprocess consists of thellowing six major
steps:

(1). Specify Problems an@pportunities The problems and opportunities statements
should be framed in terms of the Federal objective as well as identifying commensurate state and local
objectives. The statements should be constructed to encourage a wide range of alternative solutions
with identifiable levels of achievemenGtatements should encompass currenwelsasfuture
conditions and the planner should be cognizant that initial expressions of problems and opportunities
may be modified during the study evolution.

(2). Inventory and Forecast of Corwits Without a PlanThe inventory and forecast step
guantifiesand qualifies the planningarea resources important to tidentified water resources
problems and opportunities, now and in the future, in the absence of a plan. This step is a statement
of the without-project condition.

(3). Formulate Alternative Plan®lternative plansire to be formulated ingystematic
manner during the entire study process to ensureathatasonable alternative solutions are
evaluated. Usually, a number of alternative plans are identified early in the planning process and are
refined in subsequent iterations. However, additional alternative plans may be introduced at any time.
A plan that reasonably maximizes net national economic development (NED) benefits, consistent with
protecting the nation's environment, is to be identified as the NED Plan. Other plans which reduce
net NED benefits iorder to further address othéederal state local and international concerns
should also be formulated.

(4). Evaluate Effects

(a). Four accounts amstablished tsimplify the evaluation andlisplay effects of
alternative plans. These four accounts encomalasgynificanteffects of a plan othe human
environment as required by NEPA. They also encompass social well-being as required by Section
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122 of the 1970 Flood Control Act. The NED account isdhly required account. Other
information that will have anaterial bearing on the decision-making process is included in the other
accounts listed below:

((1)). The national economic developméNED) accountdisplays changes in the
economic value of the national output of goods and services;

((2)). The environmentadjuality (EQ) accountdisplays non-monetary effects on
ecological, cultural, and aesthetic resources;

((3)). The regional economic development (RED) account registers changes in regional
economic activity. Evaluation or regional effeate to be carriedut using nationally consistent
projections of income, employment, output, and population; and,

((4)). The other social effects (OSE) account regigtiers effects from perspectives that
are relevant to the planning process, but are not reflected in the other three accounts.

(b). Display of the NED account is required; appraisal is applicaibeto EQ, RED, and
OSE evaluations.Plannersshall alsoidentify areas of risk and uncertainty in thaimalyses and
describe them clearly, so that decisions can be made with knowledge of the degree of the reliability
of the estimated benefits and cost and effectiveness of alternative plans.

(c). Thecost ofmitigation measures is developed along with other costs of alternative
plan features. Monetamaluesare to be expressed in averagmual equivalents bgppropriate
discounting and annualizing techniques using the applicable water resource discount rate. The same
period of analysis is used for all alternative plans, which for most studies, is selected to be 50 years.
The period of analysis does not include the implementation or construction period. All benefits and
costs are expressed as of the beginning of the period of analysis.

(5). Compare Alternative Plan$’lan comparison focuses tire differences among the
alternative plans determined in the evaluate effects step. Monetary and non-monetary effects should
be comparably represented in narrative or display.

(6). Plan Selection A plan that reasonably maximizes net NED benefits, consistent with
the Federal objective, is the goal of the Federal plan formulation and analysis process. This plan will
be identified aghe NEDplan. TheNED plan is formulated andompared usinghe following
criteria:

(a). CompletenessThe extent to which a given project proposal provides and accounts
for all necessary investments or other actions to ensure the realization of storm damage reduction;
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(b). EffectivenessThe extent to which a given project proposal contributes to a solution
to the shoreline erosion and storm damage problems and achieves protection from storm damages;

(c). Efficiency The extent to which a given project proposal is the most cost effective
means of providing storm damage protection, consistent with protecting the Nation's environment;
and,

(d). Accepability. Theviability of a givenproject proposal and its acceptance by the
non-Federal project sponsor, the state, county and municipal entities and the public, and compatibility
with existing laws, regulations, and public policies.

4. Coastal Evaluation Principles

a. The Corpdas a long history of plannirgpastal protection measuresvesl asother
types of water resourcelevelopment projects. Byoviding protection against coastal hazards,
gains in economic efficiency can be achieved that result in an increase in the national output of goods
and services. There are also additional regional and local economic gains that result from the transfer
of economic activity from somether location(s). Aomprehensive guidr calculating NED
benefits primarilyfor storm damage reduction and shore protection projects is contained in IWR
Report 91-R-National Economic Development Procedures Manual - Coastal Storm Damage and
Erosion U.S. Army Corps of Engineers, Institute for Water Resources, September 1991.

b. Adaptiveresponses to the hazards of storm-tides and waves ctasbified into four
approaches or options:

(1). Hard engineeringtructures -bulkheads, groirfields, seawallsrevetments, and
breakwaters;

(2). Soft engineering options -- beach nourishment and dune stabilization;

(3). Non-Structural/Management options -- set-back requirements, building codes and land
use controls; and,

(4). No Action or Passive options -- no systematic response, whereby all attempts to protect
against hazards are made on an individual basis.

c. Coastal protection projects, like all investments, involve an outlay of capital at some point
in time in order togain predictedbenefits inthe future. In addition, certain types of projects,
particularly beach filand periodic nourishment projects, require a commitment to substantial future
spending to sustain the projects and continue to gain the related benefits. In 1956, Congress defined
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periodic nourishment as constructifam the protection of shoreghen it isthe mostsuitable and
economical remedial measure. One advantage to soft engineering options, such as beach fill, is that
they do not represent an irrevocable commitment of funds. They can be discontinued at any future
point in time, eventually allowing a return to the pre-project condition, without further expenditures.

d. In all evaluations, the aspect of future c@std benefits requirgbat the current and
future dollarcostsand benefits be compared in a common unit of measurement. Typgaly
accompished bycomparing their presentlues orthe averagannual equivalent of their present
values. Therefore, the discount or interest rate used to determine the present values influences the
relative economideasibility of alternative project typesSince highdiscount rates reduce the
influence of futurebenefits andtosts on presentalues, highinterest rategenerallyfavor the
selection of projects with low first costs but relatively high planned future expenditures over those
with high first costs but low futurecost requirements. Thigactor, amongother important
considerations, tends to favor the wigke of beach fills, dunes, and accompanying renourishment
relative to an extensive use of hard structural shore protection measures.

e. One standard for identifying and measuring the economic benefits from investments in a
water resources project such as shore protection, isimdicldual's willingness to pafor that
project. For coastal projects, this value can be generated by a reduction in the cost to a current land-
use activity ortheincrease imet income possible at a given site. A project generates these values
by reducing the risk of storm damage to coastal development. Conceptually, the risk from storms
can be viewed as incurringcast to dgelopment, i.e., capital investment, at hazardous locations.
Thus, the cost per unit of capital invested at risky locations is higher than at lesser risk locations.

f. Economic theory predicts that thek of storm damage and/or progressive long-term
erosion, at a given location, results in less intensive development and lower values as compared with
development and land values at otherwise equivalent but risk-free locations. The risk component of
the marginaktost ofcapital is composed ahe expectedalue ofthe perunit storm and erosion
damages plus a premium for gaibeg the existing risk. This risk premium results from the attitudes
or preferences of the individual decision-maker toward risk. If the individual is averse to risk-taking,
the risk premium is positive, indicatirigat capital must earn geturn notonly to cover expected
storm damages but also to compensate the investor for taking the risk.

5. _Natural Sources of Risk and Uncertainty

a. Storms and severe erosive processes damage coastal property in several ways. In addition
to directwind-related damagevyhich isignored for purposes dhis discussion, atormtypically
produces an elevated water surface or surge above the normal astronomical tide level. This storm-
driven surge is oftenufficient, everwithout theeffects of waves, to be life-threatening and/or to
cause substantial inundation damages to property.
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b. In addition to the surge, coastal storms generate large waves. Properties subject to direct
wave attack usually suffer extensive structural and content damages as well as foundation scouring
which can totally destroy structures. Storms also produce at least temporary physical changes at the
land-water boundary by eroding the natupsabch and dune that serve to buffer andtect
shorefront property from theffects of storms. Increased wave energy during sterodes the
beach and carrigbe sand offshore. At treame timethe storm surge pushes the zoneliogct
wave attack higher up the beach andstdnject dunes and, in turn, upland structures to direct wave
action.

c. lItis obvious that many components of coastal project evaluation are stochastic, so that
the evaluation can be computationally complicatédr examplethe damagefrom storms are
dependent on characteristics which must be described in probabilistic terms, such as storm intensity,
duration, wind direction, the elevations of the normal tide levels during the course of a storm surge,
and the position andstate of thebeach and dunes prior tihe storm event. Since these
characteristics influence the storm surge levels, wave intensities and the degree of pre-storm exposure
of developments, these factors, in terms of storm damage potential, are also stochastic.

6. Frameworks for Deterministic and Risk-Based Evaluations

a. The first step in a project feasibility evaluation iageess the baseline conditions, i.e., the
conditions that would likely exist if a project was never implemented to address the existing problems
in a systematic fashion. In the deterministic approach, which is currently the basic approach used by
the Corps, a single forecadéfines physical, developmentalltural, environmental andther
changes expected to occur underlibseline of'without-project” condition. These changes are
considered to occwrith certainty in theabsence of any systema#idaptive measure of the type
beingconsidered as a project. This approach does allow, however, for individual property owners
to respond to storm and erosion threats by constructing protective measureabandgning
property. It also takes into accowthersystematic measuréisat are irplace or expected to be
instituted such as existing state, county or municipal protective measures, evolving building codes and
changing land-use controls.

b. The development of the "without-project” condition requires assumptions to determine
when responses of various types will occur over time. Bkebased approach to evaluations, which
the Corps is in various stages of development for water resources project studies, the relatively simple
definition of the "without-project” condition used in the deterministic methodology, is being gradually
modified to incorporate uncertainties about such factors as storm frequencies, the distribution of wave
heights and the extent of geomorphic changes and property losses produced by storms and waves.

-21



Shoreline Protection and Risk Management in Coastal Zones
Beach Erosion Control Study Overview of Programs
1

c. The final component for both the deterministic and risk-analysis techniques, incorporated
within the benefit evaluation framework for shore protection as specified by the P&G, is to compare
the futureeconomic development and land valuethd project ismplemented witlthe baseline
values. Without gublic coastal protection project, property owners are presumedpir
structural losses, with the damages from storms assumed to be capitalized into the value of the land.
In addition, property owners are assumed to construct individual protective structures when the costs
are less than the value of the preserved property and the avoided expected damages to improvements.
Under the "with-project” condition, landowneeslize increases in economic rental values of land
at protected locations. This rental value increasgpisally considered to be equivalent to the
annualized expected present value of avoided property losses with the project or the avoided costs
of individual protective structures.

d. Implicitly in the deterministicapproach anéxplicitly in arisk-based analysishe time
stream of the "with-project” benefits relative ttee "without-project” condition will reflect the
stochastic nature of storm events. An important consideration in this respect, particularly with regard
to the "without-project” condition, stems from the chronologieder of stormsnd damages. A
large stormmay result in damagethat are sextensivethat the destroyed aeverely damaged
buildingsare not or cannot beebuilt. Therefore, succeeding storms wiflict smallerlosses if
preceded by large storms.

e. The increase in rental value of land is location-based, resulting freduetion in the
external costs imposed by storms. The increase represents a NED benefit, as required under the P&G
by whatever method of analysis. It is this type of economic benefit that is compared to project costs
to determine the economic feasibility of any proposed Federal project.

f. Benefits produced by a project depend on the project's type, scale, and storm parameters.
Even if two alternative projects constructde by side experientbe samestorm,benefits will
differ, depending othe magnitude of residual lossedhie storm exceeds the alternativessign
dimensions. As an example, a sea-wall normally will fail catastrophically, leaving almost no residual
protection after failure. A beach fill, even when inundated during a storm, still provides significant
residual protection. Another significant factor is that in the coastal process, the wide range of storm
parameters (wind direction, wind velocity, storm surge, storm duration, etc.) results in multiple storm
damage mechanisms.

g. Inaddition to NED benefits, a second major consideration in applying benefit-cost analysis
in choosing a particular type and size project is the stream of future project costs. The appropriate
costs used in the analysis should provide a measure of all the opportunity costs incurred to produce
the project outputs. These NED costs may differ from the expenses of constructing and maintaining
the project. For coastal protection proje&spenses wouldhclude the first costs of project
construction,any periodic nourishment and maintenaraests,and future rehabilitatiorcosts.
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Further, the project may incur environmental or other non-market costs whose monetary value can
be imputed.

h. In effect, the determination of project costs involves a systems analysis which also includes
areas geographically outside, but within the influence, of a project. For coastal projects, the adjoining
areas araisuallyreferred to as "updrift" and "downdrift" coastsitwlicatethe net direction of
movement of littoral material, i.e., from gowast to_dowscoast. A projectnay influence the
adjoining area in negative and/or positive ways. The "downdrift" coast is particularly vulnerable to
negative impacts, since any disruption of the natural movement of littoral material, induced by a shore
protection project, ikely to bemanifested in erosion or increased erosion atbaglowndrift
coast,with an attendantost in propertydamages. This, foexample, is a situatiowhich is
commonly associated with the improper use of groin fields and breakwaters. Conversely, placement
of beach ifl along a project site often resultshaneficial"'nourishment" effects tthe adjoining
shorelines, especially the "downdrift" coast.

I. Where adverse conditions can identified, the associated costs of damage, or the
addition of mitigation features, to the project are determined and included in the project's economic
analysis. On the other hand, beneficial effects outside the project area can be substantial. Congress
recognized this when it authorized Federal participatigharperiodicnourishment of a project.
Benefits to shores beyorpiojectlimits, if trivial in amount,may beomitted fromcostsharing
considerations. If these benefits are significant (i.e., required for project justification) they should be
included in cost sharing considerations.

J. The nature of future costs depends on the type of project. For instance, a structural type
of project, e.g., a stone revetmetgpically has high first costs and high future rehabilitation costs
but low futuremaintenanceosts. On the othdrand, when compared to a hard structure project,
a beach il type project is composed oélatively low first costs, butlarger recurring future
maintenance costs (periodic nourishment).

k. Each of thdime streams of costs must be converted into present-value terms using the
prevailing Federalater resource discount rate. Note that the stream of future costs for both types
of projects (low and high future cost types), should to the extent possible, be defined in probabilistic
terms, sinceéherealized amount anttming of all future expenditures depends on thenber and
severity ofstorms experienced at the project site in the future. Thus, in the ideal case analysis, the
expected future cost stream would be based on the estimated probability density function for storm
events and the attendant effects on the specific type of project being evaluated. At present, it is not
possible to conduct an ideal probabilistically based analysis in all cases due to lack of data as well as
deficiencies in the present state of knowledge of coastal wave processes and interrelated phenomena.
For example, whilghe short-term response ofbeachfill to extreme events can liesated
probabilistically, the evolution of a &eh fill, say to long-term erosive processes, can only be treated

1-23



Shoreline Protection and Risk Management in Coastal Zones
Beach Erosion Control Study Overview of Programs
1

deterministically athis point in time. Therefore, reconstruction of dunes to repair damages from
storm effects can often be computed onlthsis of probabilistic analysis, whileng-term beach
nourishment needsre almost alays based on an estimategerage annua@mount of long-term

erosion derived from recorded changes of shoreline positions and/or beach profile volume changes.

I.  Once the alternative formulated plans are evaluated in economic terms, the expected net
benefits can be calculated. Following the project selection criteria in the P&G, the recommended type
and scale of plan should biee one thateasonably maximizeset NEDbenefits. This is a key
conceptual point in both the deterministic and risk analysis evaluation methodologies. Both methods
apply the net benefits decision rule for selecting the economically optimal project. However, the risk
analysis approach has the advantage of determining the damages prevented by a particular project and
the level of residual risk simultaneously. By varythg scale of each type gfroject in a risk
analysis, a benefit function can be derived for the respective projects. Deviations from the NED plan
can be recommended to incorporate risk and uncertainty considerations in addition to the explicit risk
analysis used in the economic evaluation. These could involve considerations for human health and
safety or non-monetized environmental values.

7. Summary offhe PlanningProcess Theplanningprocess used by the Corps is systematic,

and consists of six major steps: (1) identifying problems and opportunities, and developing objectives;
(2) establishing the base condition; (3) formulating plans; (4) evaluating their effects; (5) comparing
them; and, (6yecommendindhe besplan to alleviate problems and realmeportunities. This
systematicapproach iglynamicand iterative and enablése public and decision makers to be
involved andfully aware of the rationale employed throughout the planning process. This process
is the same, whether it is a flood damage reduction project, navigation project, shoreline protection
project, etc. While there are different rules, criteria and perspectives on how to account for damages,
benefits, and costs, the principles of evaluation are the same and all project formulations follow the
P&G.

E. SUMMARY OF U.S. ARMY CORPS OF ENGINEERS PROJECT-
RELATED POLICIES

1. General Shore protection programs of the Corps have been used to provide Federal assistance
in reducing damages to shorefront development and coastal resources from storm damages, hurricane
and abnormal tidal and lake flooding, asftbre erosion by undertaking shore protection projects.

Prior to WRDA '86, projects were formulated for hurricane protection, beach erosion control, and
recreation. The enactment of WRDA '86 established hurricane and storm damage reduction (HSDR)

11-24



Risk Management in Coastal Zones Shoreline Protection and

Overview of Programs Beach Erosion Control Study

and recreation as thmasisfor Federal participation, and tlaly two purposes fowhich Federal
shore protection projects could be formulated.

2. Hurricane and Storm Damage Reducti®nior to enactment of WRDA '86, Federal projects for
hurricane and abnormal tidal flooding were established case-by-case, based on specific Congressional
authorizations. The Federal share of hurricane projects was limiteda®wimum of 70 percent. The
enactment of WRDA '86 legislated a Federal cost share of 65 percent for HSDR.

3. Beach Erosio@ontrol Historically, shore protection legislation was directed to the prevention

and control of beach erosioRederal participation in beach erosion control measures was based on
shore ownership, use, and type and incidence of benefits. Public use or benefit was a prerequisite for
Federal participation, artie maximumFederal share was 50 percent of progadts, except for

special park and conservation areas where the Federal share could be a maximum of 70 percent. The
enactment of WRDA '86 discontinued beach erosion control as a project purpose. All reductions in
damages, whether from inundation, wattack, or erosion, are nosassified as HSDR benefits,

and the costs of protective measures are cost shared in accatteWit8DR purpose (65% Federal,

35% non-Federal maximum).

4. Recreation Prior to enactment of WRDA '86, for many projects, the recreation purpose provided
a majority of project benefits. During the mid-1980s, Department of Army budgetary policy placed
a lower priority on projects considered to be primarily recreation. This policy resulted in an increased
emphasis on formulating projects for damage prevention, with less focus on recreation. Although the
WRDA '86 identifies recreation as an acceptable project purpose along with HSDR, the Department
of Army has continued its HSDR only policy due to continuing Federal Budget deficits. Additional
beachifl over that required for the project formulated for HSDR, to satisfy recreation demand, is a
separable recreation featuvehich is not supported forFederal participation under current
Department of Army budgetary policy. This policy is intended to focus Fdédadsd on the objective

of reducing damages to coastal facilities. However, it does r@ug@esthe use of recreation benefits

in the economic analysis. Projects formulated for HSDR may produce substantial recreation benefits,
and these are valid nationatonomic development benefitkat can be used foeconomic
justification. However, the extent to which recreation benefits can provide for economic justification,
is limited bycurrent Department of Army budgetary policy. If over one-half of the benefits needed
for economic justification are recreation, a project is considered to be "primarily recreation”, and will
not be accorded budget prioritylhis "threshold'test is not dimitation onthe total recreation
benefits which can be claimed. For example, a project with annual benefits of 50 for HSDR and 150
for recreation and with an annual cost of 100, has a benefitatastf 2.00, would receive a budget
priority because the recreation benefiteded to produce a benefit-cost-ratio of unity (1.00) are not
above the 50 percent threshold.
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5. Periodic Nourishment Placement of beadhll at suitable intervals of time is considered
"construction” forfunding andcostsharingpurposesvhen it is a more suitable and economical
method of shore protectidhan retainingstructures such as groirsgawallsgetc., in accord with
Public Law 84-826.

6. Impact of Shore Ownership and Use on Cost Shaitthough the basic cost sharing formula

for HSDR projects is 65 percent Federal and 35 percent non-Federal, adjustments are made based
on shore ownership and use. The WRDA '86 specifies that all costs for benefits to privately owned
shores (where use of such shore$inted to private interests) or to protection of losses of
undeveloped private lands shall be borne by non-Federal interests, and that all costs assigned to the
protection of Federallpwned shoreshall beborne by the Unitedtates. The costs to protect
Federal lands are normally borne by the agency which owns the land. Thus, Federal participation in
the protection of private undeveloped shores is precluded by statute, and Federal participation in the
protection of developed private shorg@dssible onlywhere there ipublic use of the constructed

project. Public use is defined as open for recreational use by all on equal terms regardless of origin
or home area. Lack of sufficient parking for the general public located reasonably near and accessible
to the shore protection project and lack of pedestrian right-of-way to the shore at suitable intervals
would constitute de facto restriction on public use, thereby precluding Federal participation. Costs
assigned to the protection of non-Federailic shores used for park and recreation purposes are
normally shared 50 percent Federal and 50 percent non-Federal.

7. Other Non-FederaResponsibilities The WRDA '86 assigns non-Federal interests the
responsibility for all lands, easements, rights-of-walgcations, and dredged material disposal areas
required for shore protection projects. The project spaeseives credit fothe value of these
contributions against the 35 percent non-Fedeoat share. Non-Federal interests are also
responsiblefor 100 percent of the costs of operation, nmemance, repair, replacement and
rehabilitation (OMRRR).

8. Use of Public Law 84-99 Funds for Restoration of Shore Protection Prdpediic Law 84-99
providesauthority for the repair or restoration of completed Federal shore protsttimtures
damaged or destroyed by wind, wave, or water action of other than an ordinary nature when the Chief
of Engineers determines such repair and restoration is warranted for the adequate functioning of the
structure for shore protectiorRublicLaw 84-99fundsare useadnly atprojects which have been
completed and turned over to local interests for OMRRR. Funding of beach fill projects eligible for
restoration under PL 84-99 is limited to projects where the risletand property require immediate
action.
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F. LEVEL OF PROTECTION

1. Introduction One of the most misunderstood concepts regarding flood damage reduction and
shore protection projects is the concept of "level of protection”. This term is generally accepted by
the public because of thhengstanding usage liie Corps andther water resourcagencies for

flood damage reduction projects, and because it is a siv@jeof describing a flood event.
However, the use of specified level of ptection for shore protection extremely difficult to

estimate since recurrence intervals are assigned to each measurable characteristic of a storm. Where
a level of preection is estimated for thdesignproject, it ismisleadingand doesiot represent a
particular storm event. The problem is compounded when it is viewed as a "true" value and treated
by some as if it were perfectly accurate. ThepSalevelops best estimates of key variables, factors,
parameters, and data components in the planning and design of projects, and these estimates for shore
protection projects are particularly challenging because of the variable characteristics which describe
designstorms and alternative protectigsguctures. Foexample, some dahe major differences

between shore protection and riverine flooding are summarized in the following paragraphs.

a. Cause of FloodingAlthough not a prerequisite to coastal flooding, ocean effects eroding
the natural protection of dunes, beach or barrier islands over a pemaahibis or years may increase
the susceptibility of a shoreline to flooding or increigeseverity oflooding from a given storm
event. The cause of coastal flooding is often related to acatanbeing driven overland by the
force of wind, waves, anigh ides. Rainfall, however,mayalso have a major impact aoastal
flooding when conventional drainage or storm water systems are blocked by storm surge. Rainwater
ponds during the storm duration and releas@sly asthe storm surge drops. Floddmages in
riverine environments are normally caused by precipitation and snowmelt which result in high flows
in channels of insufficient capacity. Natural protection (i.e., channel capacity) is usually assumed to
remain relatively constant over the period of analysis.

b. Storm Velocity In riverine flooding, the velocity of the storm is related to the movement
of waterand is determined by stream gradient, flptain characteristics, natural storaged the
volume of water. On the other hand, coastal storm velocity is primarily determined by a combination
of wind and tidal action. While either can have devastating effects, high winds by themselves often
cause catastrophic property damage not related in any respect to flood waters. The "Saffir/Simpson"
hurricane scale (se€hapter 2, Tabl2-1), which combines windgpeed and tidadurge, is the
accepted gauge to determine the destructive potential of a coastal storm.

c. Flood Predictability In most coastal areas, erosion and storm damage records are less
frequently available and less reliable than those for stream flow. The nature of hurricanes is such that
these storms capromoteuncertainties in terms of location tndfall, maximumwinds, and
maximum surge flood heights. Northeasters are typically broad in their area of influence and follow
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general storm tracks that, while not predictable, can be anticipated. Riverine flooding, on the other
hand, is characterized by, addplayed in, frequencgurves or tables. Thalisplay indicates how

often a given annugleakflow or stage is exceeded. The mdistorical information from past

floods availablethe more certainty there is in thiequency analysis.Gathering and recording
information on precipitation and rivégvels ismore institutionalized than information @oastal

storm events. Coastal events are always linked to a combination of events such as local wind-driven
waves, ocean swells, extremely high tides, and high river flows in adjacent coastal streams.

d. Erosion Losseslin the riverine environment, erosion (usually bank erosion) is sometimes
predicted as a function of flodut more often is a result of repeated cycles of high and low flows
over a period of years. In the coastavironment, beach profiles ofteshift both in and out
seasonally asvell as inresponse to stormspaking annualand seasonal) changes armal”
situation.

2. Past Practice

a. Coastal storms affeall shaelines inthe United States. The most famous of these are
the hurricanes and extratropical events ("northeasters") which influence the Atlantic and Gulf Coasts.
However, winter front passages, typhoons, and "Arctic Expresses"” can cause damaging events on the
Great Lakes and Pacific coasts. Storms which can cause flooding and erosion damages to the degree
that facilities are endangered are often referred to as "extremal events."”

b. Historically, coastal design criteria were based on the specification of a "design storm”,
in which the path of the storm of record was altered in order to define a worst-case scenario at the
location of interest. This practice provides no information on probability-of-occurrence. For urban
coastal areas, protection was designed for the Standard Project Hurricane (SPH) as defined by the
National Weather Service, or some other rare event, often the storm of record. The design storm was
adjusted to coincide with high tide for the project site under consideration. Long periods of record
for tidal gages were frequently not available near the area of interest and exceedance determinations
were based on best estimates. Although the approach will produce a worst-case condition for design
purposes, the evemtay well have a negligiblprobability of occurring and result in an overly
conservative design, i.e., not cost effective. Early beach fills were often designed to protect against
erosion and to provide recreation. In such cases, no claim was made for provision of coastal flood
protection. The design of berm widtivere set to prevent long-term erosiamd to optimize
recreation.

3. Current Practice

a. Current practice of the Corps is to utilize a set of design storm events to evaluate the cost
effectiveness of design alternatives. These defined events are chosen to reflect realistic combinations

111-28



Risk Management in Coastal Zones Shoreline Protection and

Overview of Programs Beach Erosion Control Study

of the various parametevghich are descriptive of historic storm evemtkich have impacted the
location of interest. For tropical events; the storms should define the range of durations, maximum
winds, radius of maximum winds, pressure deficits, track, etc., which have impacted that area. For
extratropical events; duration, stage hydrograph, wave heightsyinddspeedsre appropriate
descriptors. Frequency relationships are then assigned to the set of storms and/or their damages.

b. Recurrence relationships cannot be assigned directly to a storm; they are assigned to some
measurable characteristic thie storm such amaximumsurge. However, in cases such as dune
recesion, additional factors such as hydrograph shape or duratiomezsurably antribute to
storm-related damage. Because stormslameacterized by these multiple properties, the design set
of events concept is the preferred approach for analysis and has been shown to be more accurate and
realistic than the single design storm method.

c. The Corps currently uses a range of approaches for developing design storm events. The
selected approach is based on project scayalability of data,andlevel of resources. In the
simplest case, hypothetical or historically based surges, which reflect a limited combination of storm
parameters, arecaled to define a design set of events. Recurrence relationships are then obtained
from existing elevation-frequency curves. If frequency relationships are not available, this approach
is of limited use.

d. Inlarge scale projects, a more comprehensive design procedure involves applications of
numerical models to : (1) use historical events to define a set of storms; (2) compute storm damage
for each event; and3) usestatistical procedures to compute damigguency relationships and
associated erroestimates. Thisnore rigorous approach can be used to generate continuous
frequency-of-occurrence relationships for any parameter in the design evaluation process as well as
provide error band input for risk-based design criteria.

G. ENGINEERING ASPECTS OF BEACH FILL AND NOURISHMENT

1. General An extensive body of literature and case examples exist with respect to the protective
values afforded upland developments by the presence of large natural coastal dunes and broad frontal
beaches.Because of this, asell astheinherent natural values of beaches and dunest states
haveenacted lawgsee Table-5) which, in various ways, regulate developmental practices which
could possibly degrade or otherwise adversely effect these natural features, where they exist. Federal
guidance on planningnd desigrior beacHills and dune construction, as well as all other types of
shore protection measures, can be found in_the Shore Protdtdium| U.S. Army Coastal
Engineering Research Center, 1984, 2 Vols., [12] and the recently released EM 1110-2-3301 dated
30 June 1994 [13].
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2. Basis of Protectivialue Thescientific basis underlyinthe protectiveralues of dunes and
beaches ishat they are extremely efficient landeatures in terms of their singular combined
capacities to dissipate and absorb wave energy. On the other hand, under the assault of storm-tides
and attendant wave action, the high performance of these features in dissipating wave energy comes
at the expense of their own erosion and degradation. However, if the sediment supply to the beach
and dune system mdequate, theystem willrecover from storm effects ithe interim periods

between major storm events.

3. Natural Storm-Recovery of Beach/Dune Systems

a. The natural process of beach recowgsyally occurs in a matter aflays or weeks
following a storm and often begins in the waning hours of the damaging storm. On the other hand,
the recovery or restorative process for dunes and the upper level of the beach strand takes months
and involvesthe reestablishment of stabilizingegetation asvell asthe re-accumulation of the
sediment volume lost to erosion.

b. The sediment supply for general beach recovery is providige lagljacent shorelines and
immediate offshore areas and timnsported to thdéeach bypost-storm wave action having
restorativehydraulic characteristicéndeed, a largeroportion of thesediment supply involved in
beach recovery comes fraime pre-stornbeach sediments whieteredisplaced tdhe nearshore
zone during the subsequent course of storm-tide and wave attack. The supply of sediment for natural
dune development and storm recovery comes ftafiner-grain fraction oboth thebeach and
upland areas and is transported to the dunes by wind action. As noted above, the restorative process
pertaining tonatural dunes takgdaceover aconsiderably longer time span thidne post-storm
recovery of the frontal beach strand.

c. The simple bufundamental portrayal of beach/dune system behayi@n above
underscores the dynamic nature of these common physical features. In brief, beaches and dunes are
characterized by periodic cycles of damage and restoration, largely controlled by the regional storm-
tide and wave climatology, i.e., the occurrence frequencies and intensities of storm events.

4. Long-Term Erosion Processes

a. When the sediment supply to the beach deigaate, for whatever reason, erosion of the
beachwill be apersistent, rather than an intermittent, phenomenothatsituation, theriginal
beach willprogressively narrow in width and the frontal dunes, being increasingly exposed to more
frequent and intense wave attack, will eventually be lost to erosive processes.
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b. In a completely natural setting, an erosive condition is usually of little concern as the beach
and dune system is simply reestablished in a more landward position. Exceptions in the natural case,
as regards coastal management concerns, might arise if an erosive condition eventually threatens some
particularly valuablenatural resourcexisting in upland or bagreas. On the othéand, where
substantial reaches of shoreline have beealdped to any significant level, progressive erosion will
almost always lead to a cédlr protective measures if relocations of endangered developmental
features aréunctionally or economically infeasible, or socially unacceptable. Such problems were
often addressed by construction of groins and seawalls, and now more recently, by placement of sand
to restore the beach and dune to some previous condition.

5. Behavior of Artificial Beaches and Dunes

a. Artificial dune and/or beach restoration measures are simply replicatttvescoimparable
natural features and rely on the high wave-energy dissipation characteristics of such features as the
means of protecting coastal developments. By comparisothgy shore protectiomeasures,
restored beaches and dunes have the added advantage of possesdiadythe same aesthetic and
environmental qualities as their natural counterparts. Additionally, a restored beach provides a highly
valued recreational land area. Though this particular aspect of beaches is incidental to the quality of
their protective value from an engineering perspective, potential recreational use in combination with
aesthetic and environmental considerations have contributed much in making beach restoration the
method of choice for shore protection.

b. Since artificial beaches addnes are, in most cases, placed along shoreline reaches with
a history of severe episodic and/or progressive long-term erosion, the formulation and implementation
of a beach/dune project requiresanmitment to, and a plan for, a systematic sand replenishment
or "nourishment" program taccount for the sediment deficit which was manifested in the erosion
history of the project site. Hence, restored beaches andahenescurrent-cosntensive and should
not be undertaken without the comméint and wherewithal to perform replenishment operations as
needed. Also, in this regard, it should be appreciated that the shore and nearshore environments are
characterized by large variations in timensities ofstorm tides and waves. Further, where
significant erosion exists, it is almost always not a uniform process. Rather, the condition will, more
likely than not, be strongly linked to episodic storm events of varying durations and intensities with
accompanying variations in the severity of beach and dune response.

c. Though analyses aftorm-tide/wave intensities and frequencies gamally establish
reasonable values of exqted return periods for these events and the assodciassth/dune
nourishment demands, the actual occurrences of the events, over time periods of several years, may
be considerably more frequent than the very best analytical/statistical prediction of expected values
would indicate. The converse is also true, i.e., there may occur extended storm-free periods in which
nourishment applicatiorare far below the expected amounts. Therefore, over periods of several
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years, some beach and dune nourishment projects requirgaptmeishment thathe estimated
expected averaganual amount; some require far less; and others receive more-or-less the expected
long-term average nourishment volume. On balance, however, beach and dune nourishment projects
perform wellthroughout the worlc&and areusuallythe method of choice in shore protection as
previously noted. This is particularly true in defending long reaches of shoreline.

6. Construction of Beach/Dune Projects

a. Beach and dunfdls are mostfrequentlyconstructed byydraulic dredging methods.
Borrow areas for projects ausuallysubmerged sources of sediments and are normally located in
estuaries, inlets or offshore areas. In this regard, there is increasing reliance on offshore sources to
insure adequate long-tersapply of material, to obtaiappropriatesediment quality and to avoid
destruction of valuable benthic organismsestuaries. Material is conveyed ttee beach and
immediatenearshore zone by pipeline from the dredging site, and the onshore depositions are
distributed and configured by earth-moving equipment into a typical beach/dune profile shape. The
initial or construction template over-builds the dry beacmnstin order to provide sufficient material
volume to be subsequently displaced, by wave action, to the submerged portions of the active beach
profile. In relativelyrare cases, the construction operatiwiefly described above is performed
entirely through the use of land source ofmaterial,road haul and earth-moving equipment.
Following material placement, the dune feature is usually stabilized by an appropriate type of beach
grass. Sand-fencing of various types can also be used for dune stabilization, but aesthetic value is lost
by comparison to use of beach grasses.

b. Insome cases, it is only necessary to develop or reinforce a dune line or a series of parallel
dune ridges to provide an adequate level of protection. These situations require an adequate frontal
beach width to permit the dune(s) to stand withopbseyre to normal surf conditions or even minor
storm-tide/wave action expectedvatry frequent intervals. The objective is to reserve the dune(s)
as a sacrificialefense line for majostorm events. Dunes can be construcpgidkly by direct
placement of sand with hydraulic or mechanical means followed by stabilizati@gbétation or
sand-fences. Alternatively, dunes can be entirely developed over progressively longer time periods,
through use of sand-fences and vegetation, respectively. When dunes have been developed by use
of sand-fences, vegetation can be applied at the final stage to provide for a natural appearance as well
as added stability against the effects of wind.

c. Improvements in Methodology

(2). The first standardized guidance on coastal structure design was produced by the Corps
of Engineers "Beach Erosion Board" in 1954 as "Shore RiatePlanning and Desighalso known
as TR-4. This wasthe fore-runner of the_"Shore Protectibanual” (SPM) which was first
published in 1973, andevised in1975, 1977, and 1984. These documents presented the
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methodologies applied ithe coastal structurand beacHill designsfor most of the projects
presented in this report.

(2). The methodologies in TR-4 emphasized designing coastal structures for stability against
wave forces. The technologyailable atthattime providedinsufficient means t@address the
functional performance of structures, nor was any guidance available for predicting the performance
or stability of a beachll. Beach and dune design wady qualitativelyaddressedSimple linear
wave theory, static terrestrial structural engineering principles, and trial-and-error experiential data
were used to develop the empirical relationships and rules-of-thumb presented in TR-4. Beach fills
of that era werg¢ypically placed as an added feature to increhssediment supply in the area of
interest and to the reduce wave energy striking the protective structures.

(3). The SPM was a significant advancement over TR-4 in that it used the results of physical
modeltests to develop principles of wave-structure interaction, advancements in wave theory, and
statistics and other data from various projects. The SPM provided significantly more guidance in the
positioning and intent of groins adeakwaters, predicting the flood contbanefits of seawalls,
and predicting thetability of beactills. The SPM andeachfill projects of the 1970s argrly
1980s werglesigned around the intent of beach erosion control and recreational use. The quantity
of material to be placed wasmputed based on the long-term recession rates and the amount of
surface aredesired to support recreational needs. Guidance was presented in the SPM to assist in
predicting maintenance renourishment quantities basedemrain size othe placedill and its
projected stability relative tthe native material grain size. Neithre SPM or the projects
constructed duringhis timeperiod concerned themselves wille performance of thieeach fill
template during a particular storm. Beach fills were not usually designed with a primary purpose of
providing flood control benefits.

(4). The advent of numerical models, reliable field instrumentation techniques, and improved
understandings othe physical relationships which influenasoastal processesed to more
sophisticated approaches to shore protea®sign inthe later 1980s. Numerous guidance and
analytical tools have been developed over the last ten years to assist the coastal engineer in predicting
not only the stability of adach ifl, but also itsperformance during extreme events. Cross-shore and
longshore change models, hydrodynamic hinddatt base@nd stochastic statistical approaches
have been developed to provide the practicing coastal engineer with procedures for quantifying the
flood control and storm damage reduction benefits of a proposed design. The functional interaction
of beacherosion control structures (i.e., groins and breakwaters) canadbgzed with numerical
simulation. Seawalls can be designedonly for stability, but alsophysicallymodeled to predict
various elements ahe wave-structure interactioncluding scour and overtopping. A central
guidance reference fonuch of this new technology is currently being summarizetthéyCoastal
Engineering Research Center during the development of the "Coastal Engineering' Mdncial
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will supersede the SPM. The current schedule for completion of the new manual is for Fiscal Year
1998.

H. PLANNING FOR CLIMATE CHANGE AND SEA LEVEL RISE

1. Potential ImpactsLong-term climate change impacts are likely to exacerbate existing problems
associated with living in the coastal zone. Sea level rise is a potential climate change impact unique
to coastal areas and one that could lead to increased flooding and erosion in areas already vulnerable
to the dynamic forces of wind, waves, currents, and tides. Climate change could also lead to more
frequent and/or severe hurricanes and other coastal storms. Scientists are less confident about this
possibility than theyare about sekevel rise, but even if coastal storms amaffected byclimate

change, their impact on the coasll wicrease ashe sea rises[3]. The attitudes of most water
resource planners and managers concerning climate change and its potential adverse consequences
are, by and large, very cautious. While concern is expressed, the climate change predictions have a
high degree of uncertainty and the possible impacts are too far in the future for managers to commit
their limited resources to solving highly uncertain future problems today.

2. Department of Army Sea Level Rise Policy Substantial progress has been made in dealing
with the highly variable existing hazards and problamias to those that may be encountered under
even the worst-casgdimate change scenarios. This is accompligheaugh the Corpsormal
approach of comprehensive planning studies and resolution of complex institutional issues relying on
the P&G for water resourcgdganning(see Paragraph D of ththapter). In addition, the 1987
report by the National Research Council NRC[14] presents a practical and rational review of data on
relative sea level changes and the resulting impact on engineering structures. The study results have
been incorporated ipolicy guidance published ke Corps for incorporation of theffects of
possible changes in relative sea level in Corps feasibility studies is contained in Engineer Regulation
1105-2-100, 1990 [15]. A summary of tliezommendations contained in this guidance is presented
below.

a. Potential relative sdavel change should be considered in every coastal and estuarine
feasibility study that the Corps undertakes. The degremdideratiorthat thepossible change
receiveswill depend upon thdistorical record for the study site. Areasghich are already
experiencing relative sea level rise, or where increases are predicted, should undertake an analysis as
part of the study. Plans should be formulated using accepted design criteria.

b. A sensitivity analysis should be conducted to determine what effect (if any) changes in the
sea level would have on plan evaluation and selection. This analysis should be based on two scenarios
as a minimum. The first scenariaie extrapolation of the locdijstoricalrecord ofrelative sea

111-34



Risk Management in Coastal Zones Shoreline Protection and

Overview of Programs Beach Erosion Control Study

level rise (low level). The second scenario is Curve Il from the NRC[14] report (high level). Curve
[l was used as "digh" estimate since itepresents a substantial eustaticleeeal ise within the
range of upper limits established in other studies.

c. Ifthe plan selection is sensitive to sea level rise, then design considerations could allow
for future modification wherhe impacts of future sekevel risecan be confirmed. Ilinay be
appropriate to consid@lansthat are designed for today's conditions but that incorporate features
to facilitate future canges, or plans designed for future conditions. In these cases, an evaluation of
the timing (or inclusion at all) artie cost of potential changes should be conducted during the plan
selection process.

3. Practical Experience

a. The technical analyticgdrocedures for factoring in thghysical characteristics and
consequences of climate change can be and have been progressomggrated intglanning
evaluation and design, largely in the form of a longer statistical record and risk analysis techniques
which allow for detailed risk-costnalyses of alternativecenarios. These abeingincorporated
continuouslythrough the Corpsiultifaceted research programs in hydrology/hydrautioastal
engineering, reservomperations, anavater resourcessk analysis. What isinflexible are the
economic decision rules whidre theprimary determinants dhe size andscope of a project.
Although the Corps generally plans for a 50-year project life, the effective economic return on a water
resources project is highly influenced by the discount rate. The Federal water resource discount rate
for project economianalysis is fixed byaw. When theate isapproximately eighpercent, most
project benefits are realized within 10 years and the Corps’ effective project evaluation and decision
horizon is less than 15 years. Thus, the discount rate has a far greater bearing on the choice and scale
of an alternativevater resourcegdevelopment project thadoes thesupply and demanidrecasts
arising from potential climate change impacts of uncertain magnitude some 35 to 100 years or more
in the future.

b. It is also important to realizbatall estimates of sea-level ripeedict the rise will be
exponential with much of the rise occurring in the second half of the period between now and the year
2100. So for example, if the National Researchr€il (1990) best estimate of eustatic sea level rise
of 20 inches by the year 2100 is used, the National Research Council (1987) predicts that less than
two inches (i.e., about one tenth) of the rise will occtinennext 25 years and five inches (about one
guarter) in the next 50 years. These rises are not significantly above the current trend [16].

c. The National Research Coun(@P87) notes, that for coastal structuagsl facilities,
“Sea-level change duringe design servicéfe should be considered along with other factors, but
it does not present such essentially new problems as to require new techniques of analysis. The effects
of sea- level rise can be accommodated during maintenance peripds oedesign and replacement
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of most existingstructures anéhacilities.” They recommenthatfeasibility studies considewhich

designs are most appropriate for a range of possible future sea-level rise. Further, they recommend
that strategies appropriate for the entire range of uncertainty rpoefeeence over those that would

be optimal for a particular rise, but unsuccessful for other possible outcomes [16].

d. Renourishment intervaler beacHill projectstypically are short compared to the time
of significant sea-level rise evéor the upper range of rise predictions. The Corps often considers
beach noushment feasibilityfor a 50-yearinterval of renourishmentddowever, feasibility is
reevaluated prior to each renourishment, so cost increases due to sea-level rise or other factors can
be considered and used to evaluate the economics of future renourishment. Therefore, uncertainty
in future sea-level rise can be accommodated by reevaluating project feasibility as the future unfolds
[16].

4. Measures to Counteract Sea Level.Ris& more likely that effects of sea-level rise in the coastal
zone will be met with measures suclsasbaclkeequirements, vertical safety requirements and in
some cases, relocation. Shore protection measures against sea level rise will be limited to high value
urban development. The final choice will be based an@amation of economic, environmental and
socialconcerns. A detailednalysis of climatehange can be found in tid@ctober 1993 report
Preparing for an Uncertain Climatarepared by the United States Congress, Office of Technology
Assessment][3].

l. SUMMARY

1. Overview Eleven percent of the Nation's area (excluding Alaska), accommodates almost half of
the Nation's population. Thaenselysettled area is along the Nation's coastal@rehtLakes
shorelines. With populatiogrowth has come development and a corresponding increase in
vulnerability to coastaldrards, storms and hurricanes. M&ederal programs to deal with this risk

date back to 1930xhen Congress authorizéde Corps to research amestigate problems
concerningthe effects of erosion and storms on developed coastal aradditional Federal
programs to deal with this risk the coastal zone wepait inplace in 1968the National Flood
Insurance Progranadministered byhe FederaEmergency Management Agency), in 1972 (the
Coastal Zone Managemerict, administered bythe National Oceanic and Atmospheric
Administration), in 1982 (the CoasBdirrier Resources Act, administered by the Fish and Wild Life
Service), and in 199Qhe National Coastal Geology Prograagministered byhe U.S.Geologic
Survey). The mission of the Corps and role in the coastal zone is very different from that of the other
Federal agencies. The Corps is the only agency at the Federal level with authority to construct shore
protection measures.
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2. Planning GuidanceThebasic planning principles dhe Corps are to contribute mational
economic development consistent with protection of the natemvsonmentatesources. The
planning process used by the Corpsyistemic, and consists eix majorsteps: (1)dentifying
problems and opportunities, and developing objecti{@sestablishingthe base condition; (3)
formulating plans; (4) evaluating their effects; (5) comparing them; and, (6) recommending the best
plan to alleviate problems and reali@apportunities. This systemati@approach iddynamic and
reiterative and enables the public and decision makers to be involved and fully aware of the rationale
employed throughout thelanningprocess. Asadditional projects or periodic nourishments are
accomplished, the design of the project is updated to current technical and planning guidance.

3. Level ofProtection The term "level of protection” is generally accepted by the public because

of the longstanding usage by the Corps and other water resource agencies for flood damage reduction
projects and because it is a simple way of describing a flood event. However, the use of a specific
level of protection for shore protection is extremely difficult to estimate since recurrence intervals are
assigned to each measurable chargtic of a storm. The current practice of the Corps is to utilize

a set of design storm events to evaluate the cost effectiveness of design alternatives. These defined
events are chosen to reflect realistic combinations of the various parameters which are descriptive of
historic storm eventhich have impactethe location of interestFor tropicalevents; thestorm

should define the range of durations, maximum winds, radius of maximum winds, pressure deficits,
track, etc., which have impacted that area. For extratropical events (northeasters), duration, shape,
and maximum wingpeeds are appropriate descriptdfsequency relationships are then assigned

to the set of storms and/or their damages.

4. Engineering ConsideratiariBheprimary purpose of the shore protection program is to reduce

the impacts of waves, inundation, beach erosion and hurricanes on developed shorelines. In most
cases, construction of a dune and/or betmdetherwith periodic nourishment, is tharimary
engineering solution to provide hurricane and storm damage reduction benefits. Artificial dune and/or
beach protection measures aney replications of the comparable natural features and rely on the
high wave-energy dissipation characteristics of such featurdee aseans of protectingoastal
developments. In additiomgstoredbeaches and dunes hahe added advantage pbssessing
essentially the same aesthetic and environmental qualities as their natural counterparts. The impacts
of potential sea level rise on shore protection projects, at this time, is minimal.

J. REFERENCES

1. Collodion, T. et al., 50 Years of Population Change AlihrggNation's Coasts 1960-20Q10
National Oceanic and Atmospheric Administration, Rockville, Maryland, April 1990.

11-37



Shoreline Protection and Risk Management in Coastal Zones
Beach Erosion Control Study Overview of Programs
1

2.

10.

11.

12.

13.

Collodion, T. et al., Building Along America's Coasts, 20 Years of Building Permits, 1970-1989
National Oceanic and Atmospheric Administration, Rockville, Maryland, August 1992.

U.S. CongressQffice of Technology Assessmerfreparing for an Uncertai€limate
October 1993.

Beatly, T., Hurricanélugoand Shoreline Retreat: Evaluatithge Effectiveness othe South
Carolina Beachfront Management Adihal report to theNational Science Foundation,
September 1992.

National Council on Publi®Vorks Improvement, The NationRublic Works: Report on
WATER RESOURCESMay 1987.

Floodplain Management in the United States: An Assessment Reemared for the Federal

Interagency Floodplain Management Task Force, 1992.

McShane, JohHl., Federal Emergency Management Agency, Coastal Development and the
National Flood Insurance Program: An Upddi888.

Davidson, Todd A., The National Flood Insurance Program and Coastal H&xfa#sof Loss
Reduction, Federal Insurance Administration, FEMA, Washington DC, 1993.

U.S. Congress, General Accounting Office (GAQ), National Flood Insurance: Marginal Impact
On FloodPlain Development, Administration Improvements NeededO/CED-82-105,
Washington, DC: GAO, 1982.

Miller, H.C., 1992,0n theBrink: Coastal Location and Relocation Choicés) Coastal
Erosion, Has Retreat SoundedPlatt, R.H., etal. (eds). Program on Environment and
Behavior MonograpiNo. 53, Institute of Behavioral Science, University @olorado,
Boulder, pp.167-189.

The Washington Pqshpril 4, 1994.

The U.S. ArmyCorps ofEngineers Coastal Engineering Resed&elmter, Shore Protection
Manual (Vols. | and 11)1984.

The U.S. Army Corps of Engineer, Engineer Manual No. 1110-2-3301, Engineering and Design
of Beach Fills 30 June 1994.

111-38



Risk Management in Coastal Zones Shoreline Protection and

Overview of Programs Beach Erosion Control Study

14. The National Research Council, Responding to Changes in Sea Level, Engineering Implications
1987.

15. The U.S. ArmyCorps of Engineer&ngineer RegulatiotNo. 1105-2-100Guidance for
Conducting Civil Works Planning Studjea8 December 1990.

16. HoustonJamesR., Responding to Uncertainties in Saavel Rise Proceedings of the 1993
National Conference on Beach Preservation Technology.

11-39



BLANK PAGE



CHAPTER 4 - ANALYSIS OF SHORE PROTECTION COSTS

A. INTRODUCTION

1. Overview This chapter presents a compilation and evaluation of the cost and quantities of sand
used in Federally authorized and constructed projects. Project data was gathered from the districts
through a questionnaire and was the basis for developing a national perspective of the overall shore
protection program. The data representderal shore protection program as dtlly 1993.

As previouslynoted, there are 8@ecificallyauthorized and constructed Federal projects and/or
project segments that combine to span a distance of approximately 226 miles. While the 82 projects
average 2.75 miles indgth, 26 of these projects are very small in scope and only average 0.6 miles

in length. These 26 projects account folyal6 of the 226 protected miles and cost a total of $4.56
million at the time of construction (an averag&b?5,400 per pject). This total cost is small when
compared to the averagest of $12million for each of the remaining 56 projects. Also, these 26
projects werduilt in the 1950s and 60s and hladited historicaldata. Finally, the smallsize of

these projects made difficult to make meaningfucomparisons with thether 56 projects.
Therefore, the small projects were not included in the following detailed analysis. Locations of the
remaining 56large Congressionally authorized Fedeshbre protection projects East of the
Mississippeare shown on Figure 4-1(A) and those West of the Mississippi are shown on Figure 4-
1(B). Most coastal projects of the Corps are concentrated along the Atlantic Coast (36), followed
by nine on the Gulf Coast, six on the Great Lakes and five in California.

2. Focus of the ChapteiThis chapter focuses on the discussion associated with the answers to the
following questions:

. How much money has been spent to date on Federal shore protection projects?

How much sand has been placed to date on Federally supported shore protection projects?
How do actual expenditures compare with original estimates for individual projects?

How do actual quantities of sand used compare with original estimates for individual projects?
What futurefinancial commitmentsare associated with theeach nourishment projects
already constructed, and those in the planning stages?
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Figure 4-1 (A) Location of the Large Congressionally Authorized Projects East of the
Mississippi

1. ProspectBeach, CT

2. Seaside Park, CT

3. Sherwood Island State Park, CT

4. Quincy Shore Beach, MA

5. Revere Beach, MA

6. Winthrop Beach, MA

7. Hampton Beach, NH

8. Wallis Sands State Beach, NH

9. CIiff walk, RI

10. Rockaway, NY

11. Long Island, Fire Island to Jones
Inlet, NY

12. Long Island, Moriches to Shinnecock
Reach, NY

13. Long Island, Southhampton, NY

14. Madison and Matawan Townships, NJ

15. Keansbury and E. Keansburg, NJ

16. DE Coast Sand Bypass - Indian River

17. Cape May Inlet to Lower Township,
NJ

18. Great Egg Harbor Inlet and Peck
Beach, NJ

19. Ocean City, MD

20. Virginia Beach, VA

21. Wrightsville Beach, NC

22. Carolina Beach and Vicinity, NC

23. FortMacon, NC

24. Folly Beach, SC

25. Tybee Island, GA

26. Pinellas Co., Sand Key Segment, FL

27. Broward Co., Segment 2, FL

28. Broward Co., Segment 3, FL

29. Brevard Co, Indialantic/Melbourne, FL

30. Brevard Co., Cape Canaveral, FL

31. Fort Pierce Beach, FL

32. Duval Co., FL

33. Pinellas Co., Long Key Segment, FL

34. Pinellas Co., Treasure Island

. Manatee Co., FL Segment, FL
42. Harrison Co., MS o 35. Virginia Key and Key Biscayne, FL
46. Presque Isle, PA 36. Dade Co., FL
47. Lakeview Park Cooperative, 37. Lee Co., Captiva Island Segment, FL
OH 38. Palm Beach Co, Boca Raton
48. Hamlin Beach State Park, NY Segment, FL
49. Point Place, OH 39. Palm Beach Co., Delray Beach, FL
50. Reno Beach, OH 40. Palm Beach Co., Lake Worth Inlet, FL

51. Maumee Bay, OH
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Figure 4-1 (B) Location of Large Congressionally Authorized Projects West of
the Mississippi

43. Grand Isle and Vicinity, LA
44. Corpus Cristi Beach, TX
45. Galveston Seawall, TX
52. Surfside/Sunset, CA

53. Oceanside, CA

54. Channel Islands Harbor, CA

55. Coast of CA, Point Mugu to San Pedro, CA
56. Ventura-Pierpont Area, CA
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B. COSTS OF THE FEDERAL SHORE PROTECTION PROGRAM

1. ProgramOverview Actual expenditures on the 56 large authorized and constructed shore
protection projects are summarized in Table 4-1. These figures are cumulative for the period 1950
to 1993 and arposted in actual dollars. Total expenditures were calculated at $670.2 million, with
$403.2million or 60 percent contributed by the Federal government. miajerproportion (80.4
percent) of these expenditures was for beastoration and periodivourishment measures, with

initial beach restoration accounting for 45 percent ofttit@l costs,and periodic nourishment
accounting for 35 percent of the total expenditures. Structural measures accounted for 17 percent
of the costswhile only 2percent of the costs were for emergency measures (percentages may not
add due to rounding).

Table 4-1 Total Actual Expenditures, Shore Protection Program 1950-1993

Type of Measure Federal Costs Total Costs
($ million) ($ million)
Initial Restoration 180.7 303.3
Periodic Nourishment 147.2 235.4
Structures 59.4 115.6
Emergency Measures 15.9 15.9
Total 403.2 670.2

2. Individual Projects Actual expenditures are displayed by individual project and project elements
in Table 4-2. The largest expenditure for a project occurred in Dade CokHfdgida (Miami
Beach). This project's initial construction casts $72.2 million, and subsequent nourishments have
totaled $10.ilion. Total expenditures for the project &&2.9 million. Other expensive projects
include: Presque Isl&ennsylvania $50.1 million; the Atlantic Coast of New YorkCity at
Rockaway - $47.Iillion; and,Channel Island$larbor, Cafornia - $40.3million. These four
projects account for $220.4 million, or 32% of the $670.2 million total.
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Table 4-2  Actual Expenditures by Project ($000s)
(continued on next page)
Project Year Initial Beach Periodic Structures Emergency Total
Constructed Restoration Nourishment Costs Costs
NEW ENGLAND DIVISION
1. Prospect Beach, CT 1957 283 (1) 67 d 34p
2. Seaside Park, CT 1958 480 (1) 0 qg 48p
3. Sherwood Island State Park, CT 1983 1119 (1) 107 1226
4. Quincy Shore Beach, MA 1950 1305 (1) 554 1864
5. Revere Beach, MA 1992 3015 0 g [t 301p
6. Winthrop Beach, MA 1956 344 (1) 184 [t 530D
7. Hampton Beach, NH 1966 515 (1) 130 [t 645
8. Wallis Sands State Beach, NH 1983 441 60 [t 50
9. CIliff Walk, RI 1975 0 1361 [t 136[1
DIVISION TOTALS - CENED 7502 2465 g 996y
NORTH ATLANTIC DIVISION
10. Atlantic Coast of NYC, E. Rockaway Injet 1975 12825 30829 1682 1750 47086
to Rockaway Inlet and Jamaica Bay, NY
11. Atlantic Coast of Long Is. Fire Is. Inlet|& 1974 13150 22557 D D 35707
Shore Westerly to Jones Inlet, NY
12. S. Shore of Long Is. Fire Is. to Montguk 1965 3900 0 440 D 83(0
Point, Moriches to Shinnecock Reach, NY
13. S. Shore of Long Is. Fire Is. to Montauk|Pt. 1965 0 0 560 a 56D
Southampton to Beach Hampton, NY
14. Raritan and Sandy Hook Bay, Madison 1965 1156 0 159 1314
and Matawan Townships, NJ
15. Raritan Bay and Sandy Hook By, 1968 0 0 19081 q 19041
Keansburg and E. Keansburg, NJ
16. DE Coast Sand Bypass - Indian River 1986 0 813 1874 88 2717
17. Cape May Inlet to Lower Township, NJ 1989 8441 4561 3368 9) 1630
18. Great Egg Harbor Inlet and Peck Bch,|NJ 1992 27184 q 2253 D 29437
19. Atlantic Coast of MD-Ocean City, MD 1990 23290 684 591p 2335 322p9
20. Virginia Beach , VA 1964 0 12800 ¢ 560 13360
DIVISION TOTALS - CENAD 89946 72245 39297 4733 2062p1
SOUTH ATLANTIC DIVISION
21. Wrightsville Beach, NC 1965 577 547( [t 76p 6807
22. Carolina Beach and Vicinity, NC 1965 983 16881 4p 1769 196[5
23. Fort Macon, NC 1961 46 0 90§ [t 95p
24. Folly Beach, SC 1993 7184 0 160 8793
25. Tybee Island, GA 1975 2628 1989 1488 289 6389
26. Pinellas Co.-Sand Key Segment, FL 1985 30430 q 120 D 31630
27. Broward Co.-Segment 2, FL 1970 1759 9984 D 11747
28. Broward Co. -Segment 3, FL 1978 10982 15892 D D 26814
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Table 4-2 Actual Expenditures by Project ($0009)Continued)

Project Year Initial Beach Periodic Structures Emergency Total
Constructed Restoration Nourishment Costs Costs
SOUTH ATLANTIC DIVISION
29. Brevard Co.-Indialantic/Melbourne, FL| 1981 3552 0 q [t 355p
30. Brevard Co.-Cape Canaveral, FL 1975 1026 0 q ¢ 1026
31. Fort Pierce Beach, FL 1971 621 1424 ¢ 2049
32. Duval Co., FL 1978 9579 15764 D 25342
33. Pinellas Co.-Long Key Segment, FL 1980 803 1752 935 D 3490
34. Pinellas Co.-Treasure Is. Segment, FL| 1969 595 1776 851 3217 6489
35. Virginia Key and Key Biscayne, FL 1969 602 439 1367 D 2407
36. Dade Co., FL 1975 67281 10711 486[7 0 828p9
37. Lee Co.-Captiva Island Segment, FL 1989 6418 0 g ( 6418
38. Palm Beach Co.-Boca Raton Segment, FL 1988 3547 0 0 ¢ 354f7
39. Palm Beach Co.-Delray Beach Segment, 1973 2119 10524 D 12644
FL
40. Palm Beach Co.-(58) Lake Worth Inlet to 1958 0 0 577 a 57y
South Lake Worth Inlet, FL
41. Manatee Co., FL 1992 8450 0 g [t 8450
42. Harrison Co., MS 1952 856 (1) 734 1592
DIVISION TOTALS - CESAD 160038 92613 14578 6035 273259
OTHER COASTAL DIVISIONS
43. Grand Isle and Vicinity, LA 1985 10534 7571 284 4648 230[77
44. Corpus Christi Beach, TX 1978 2078 1409 301 D 3787
45. Galveston Seawall, TX 1963 0 0 9335 [t 933p
46. Presque Isle, PA 1956 5692 2463] 19723 0 500p2
47. Lakeview Park Cooperative, OH 1977 834 159 84 D 1833
48. Hamlin Beach State Park, NY 1974 1178 0 120 2318
49. Point Place, OH 1983 0 0 14123 14142
50. Reno Beach, OH 1992 0 0 6554 [t 6554
51. Maumee Bay, OH 1991 1517 0 784 2302
52. Surfside/Sunset, CA 1964 17712 g 1266 D 18978
53. Oceanside, CA 1961 1153 2604 195 D 39%6
54. Channel Islands Harbor, CA 1959 2642 34204 343p o 402B3
55. Coast of CA, Point Mugu to San Pedro, |CA 1968 1800 0 64§ 2448
56. Ventura-Pierpont Area, CA 1962 635 0 599 478 17907
DIVISION TOTALS - OTHER 45775 70588 59288 5161 180812
COASTAL
TOTAL PROGRAM 303261 23544 115628 1599 670259

(). Periodic nourishment costs for these projects were not available. Periodic nourishment was the
responsibility of the local sponsors and the appate Corps office does not have records on actual
expenditures.
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C. COST ADJUSTED TO 1993 DOLLAR LEVEL

1. Methodology for Adjusting Costs

a. Costs were converted to a common price level in order to make a meaningful comparison
of actual and estimatembstsand to analyze changes in spending over time. The method adopted
converted the various price levels to 1993 price levels. For strumbunglonents of shore protection
projects, costs weradjusted by applying the Engineering News Re¢BiR) Construction Cost
Index.

b. The Task Force, howevdelt that thetraditional (ENR price/coshdex) method of
adjustment to 1993 dollars does not adequately represent the cost changes in the dredging industry
for beach nourishment projects. The gidsteady, upward pattern of cost indices does not reflect
the history ofcost dataelated to the dredging industry and beach nourishment costs. In addition,
the cost ofplacing sand on beaches varies regionally tanoughtime in response to numerous
factors such as: location and wave exposure of the sand source area; accessibility; the quantity and
quality of material; environmental constraints; special handling requirements and pumping distances.
Costs of sand for a particular projently begreater ordss from year to year amday deviate
significantly from the values given in original authorizing documents. In addition, sand costs in some
areas of the country and for some specific projects are significantly higher than for others. Therefore,
beach nourishmemwbsts were adjusted on a project-specific basis in accordance with the prevailing
1993 cost of sand &he general project site. These 198&sts ofsand were submitted for each
project by the appropriate Corps of Engineers office.

2. Variations in the Cost of Sand by Project

a. General The cost of sand is largely the cost of moving the material from the borrow area
to the project area. Some of the factors which affect this cost are described in the paragraph above.
In Table4-3, the adjustethitial beach restoration and periodic nourishment costs were divided by
the cubic yardage for each project, yielding1B83 unit cost of sand for both actuals and estimates.
A striking aspect ofhis table ighe variability fromone project to another. The 1993 unit cost of
initial beachrestoration sand ranged from less than $2.00cpbic yard in Harrison County,
Mississippi to over $18.00 peubic yard inBroward County - Segmert, Florida. Periodic
nourishment sand costs varied even more widely, from less than $2.00 per cubic yard at Wrightsville
Beach, North Carolina to over $25.00 at Virginia Key and Key Biscayne, Florida.

Generally,sand is mosexpensive in Florida, moderately expensiveha NorthAtlantic, New
England, and Great Lakes regions, and least expensive in the California region.
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Table 4-3 1993 Unit Cost of Sand by Project For Initial Beach Restoration and
Periodic Nourishment(continued next page)

Beach Restoration Periodic Nourishment
Project District Unit Costs Unit Costs Unit Costs Unit Costs
for Actuals for Estimates for Actuals for Estimates
1. Prospect Beach, CT CENED 9.00 9.00
2. Seaside Park, CT 9.00 9.00
3. Sherwood Island State Park, CT 9.00 9.00 9.00
4. Quincy Shore Beach, MA 9.00
5. Revere Beach, MA 9.00 9.00 9.00
6. Winthrop Beach, MA 9.00 9.00
7. Hampton Beach, NH 9.00 9.00 9.00
8. Wallis Sands State Beach, NH 9.00
9. Cliff Walk, RI 9.00
10. Atlantic Coast of NYC. E. Rockaway Inlet{t€ENAN 4.96 4.97 4.97 4.97
Rockaway Inlet and Jamaica Bay, NY
11. Atlantic Coast of Long Is. Fire Is. Inlet & Shore 5.93 5.93 5.93
Westerly to Jones Inlet, NY
12. S. Shore of Long Is. Fire Is. kdontauk Point| 5.00 5.00 5.00
Moriches to Shinnecock Reach, NY
13. S. Shore of Long Is. Fire Is. kdontauk Point|
Southampton to Beach Hampton, NY
14. Raritan and Sandy Hook Bay, Madison jand 6.25 6.27
Matawan Townships, NJ
15. Raritan Bay and Sandy Hook Bay, Keansburg 6.25 6.32
and E. Keansburg, NJ
16. DE Coast Sand Bypass - Indian River CENAP 1.66 3.00 3.02
17. Cape May Inlet to Lower Township, NJ 7.17 7.17 6.42 7.17
18. Great Egg Harbor Inlet and Peck Beach, NJ 4.50 4.50 4.50
19. Atlantic Coast of MD - Ocean City, MD CENAB 6.50 6.50 6.50
20. Virginia Beach, VA CENAO 6.10 8.28
21. Wrightsville Beach, NC CESAW 3.09 3.08 1.65 5.86
22. Carolina Beach and Vicinity, NC 2.48 2.75 3.08 5.22
23. Fort Macon, NC 3.00 3.00 3.00
24. Folly Beach, SC CESAC 2.32 4.52
25. Tybee Island, GA CESAS 6.88 6.88 5.70 6.00
26. Pinellas Co. - Sand Key Segment, FL CESAJ 14.98 13.94 14.20
27. Broward Co. - Segment 2, FL 18.27 8.35 11.84 13.02
28. Broward Co. - Segment 3, FL 16.15 14.00 14.37 15.19
29. Brevard Co. - Indialantic/Melbourne, FL 11.32 10.50 10.50
30. Brevard Co. - Cape Canaveral, FL 3.82 9.00
31. Fort Pierce Beach, FL 6.47 6.34 8.35 7.65
32. Duval Co., FL 15.12 15.12 17.07 13.83
33. Pinellas Co. - Long Key Segment, FL 7.42 7.45 7.12 6.72
34. Pinellas Co. - Treasure Is. Segment, FL 10.28 10.54 10.89 9.15
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Table 4-3 Unit Cost of Sand by Project
For Initial Beach Restoration and Periodic Nourishment

Continued)
Beach Restoration Periodic Nourishment
Project District | Unit Costs Unit Costs Unit Costs Unit Costs
for Actuals | for Estimates | for Actuals | for Estimates
35. Virginia Key and Key Biscayne, FL 17.19 17.22 25.45 25.46
36. Dade Co., FL 9.93 9.03 17.50 11.13
37. Lee Co. - Captiva island Segment, FL CESAJ 8.09 8.34
38. Palm Beach Co.- Boca Raton Segment, FL 5.11 8.54
39. Palm Beach Co. - Delray Beach Segment, L 6.44 6.44 6.89 24.96
40. Palm Beach Co. (58) Lake Worth Inlet
to South Lake Worth Inlet, FL
41. Manatee Co., FL 3.88 7.03
42. Harrison Co., MS CESAM 1.75 1.75 3.24
43. Grand Isle and Vicinity, LA CELMN 7.38 7.39 6.95 6.45
44. Corpus Christi Beach, TX CESWG 6.21 6.37 22.07 11.05
45. Galveston Seawall, TX
46. Presque Isle, PA CENCB 8.74 8.30 11.72 11.68
47. Lakeview Park Cooperative, OH 8.49 8.52 8.31 8.53
48. Hamlin Beach State Park, NY 9.11 15.30 15.43
49. Point Place, OH
50. Reno Beach, OH
51. Maumee Bay, OH 11.24 11.25 11.00
52. Surfside/Sunset, CA CESPL 4.82 4.82
53. Oceanside, CA 4.54 4.54 4.54
54. Channel Islands Harbor, CA 3.01 3.01 3.01 3.01
55. Coast of CA, Point Mugu to San Pedro, CA 3.54 3.54
56. Ventura-Pierpont Area, CA 3.01 3.01

provided below for projects that had large differences in the unit cost of initial beach restoration sand

b. Projects with Largd®ifferences - Initial BeacliRestoration Brief explanations are

between the estimates and the actuals.

construction. There were a number of large dredging contractors with idle equipment interested in

(1). Folly Beach, South Carolindhe principal reason for the actual cost being lower than
the estimated cost fahis project was that théidding environmentvas ideal atthe time of

this largeproject. Thebidding environmentvas suclthat the low bider was approximately one
million dollars below the second low bidder and thre#ion below the next bidder. Additional sand

was required prior to completion of the project because three major storms (northeasters) occurred
during the construction phase, plus the "Storm of the Century" adversely affected the entire eastern
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coast of the nation in March 1993. Additional sand was placed to put the project back to its design
template and provide the protection intended prior to turnover to the non-Federal sponsor.

(2). Brevard County - Cape Canaveral, Florid@he estimatedosts forinitial beach
restoration were based on thests of constructing the projadilizing offshoreborrow material
independent of the navigation project. At the time of beach cotistituhowever, Canaveral Harbor
was deepened for use by Trident submarines. This work was coordinated with the construction of the
beach project. This cooperative effort of sharing thepmnent, and mobilization and demobilization
costs, permitted economical use of the material from the navigation deepening for placement on the
beach, resulting in lower than anticipatabts. Thecubic yardage placed dhe beach was also
greater than anticipateshcethe adoptegblan was to place all suitable material available from the
deepening of the navigation channel on the beach. By placing more cubic yardage than anticipated,
since it was readily available, the fixed costs were spread over more yardage, further reducing the unit
cost of material. The strategy was always$atce advantage of thezonomies of scale tie two
projects. However, at the time the projects were formulated, there was no guarantee that the work
would be combined, therefore, the feasibility of each project had to be analyzed on its own merits as
an individual project during the study and authorization process.

(3). Dade County, Florida This project is the largesbeach nourishment project
constructed by the Corps in terms of costs updated to dSI8s. The estimatetbsts of this
project were based on the project being constructed in one large contract. This was certainly possible
and rational from an engineering perspective. However, when construction was initiated, the non-
Federal sponsor, due timancial constraints, preferred to construct the project through six
incrementakontracts rather than a single large oiliis raised the cost of the project over what
was initially estimated due to thadditional mobilizations and demobilizations tbe dredging
equipment. Counteracting the cost increase was the fact that slightly less cubic yardage was actually
placed than was anticipated. This is reflective of the general lack of storm activity in Dade County
since construction was completed in 1982.

(4). Palm Beach County - Boca Raton, Florida and Manatee County, .Flbhdaestimated
costs of these projects were based on the u&8-ofch dredgegvhich are the predominant size
dredge available and typically utilized for this type of project. At the time of construction, 30-inch
dredges were available in the area. This more cost efficient equipment significantly lowered the actual
cost percubic yard versuthe estimated cost per cubic yard. When the cost estimates were made,
there was no way of knowing that there would be a 30-inch dredge in the area at the time the project
was initiated. These two projects demonstrate that cost savings opportunities do arise occasionally,
as a result of the competitibeddingprocess, and are taken advantage of to lower actual project
costs.
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(5). Hamlin Beach State Park, New Yorleor this project, actual unit cost was significantly
less than estimated since the estimated cost was based on the assumption that processed sand from
a land source would be used as a borrow source. Upon construction, value engineering studies found
the source to be clean enoughue without processing except fosmall quantity which was
processed for use as a cover layer.

c. Projects with Larg®ifferences - Periodic NourishmentSome projects haspecial
circumstances that influenced the unit cost of sand for periodic nourishment (contained in Table 4-3),
and these are described below.

(1). Wrightsville Ezach, North Catma and Carolina Beach, North Caroliffde unit cost
of the actual periodinourishment was lower due to fewrobilizations and demobilizations than
had originally beeranticipated. Moresand was actually placed in periodic nourishment of these
projects, but the unit cost was significantly lower than expected.

(2). Duval County, FloridaThe actual cost per cubic yard is higher than the estimated cost
per cubic yard since the window for hopper dredging in that area is now limited to the 1 November
to 30 April timeframe inorder toavoid adverse impacts on sea turtles. This restriction was not
anticipated when thiproject wadnitially estimated. Compounding this restrictiorthie fact that
periodic nourishment was estimated for the entire 10-mile project in one contract. However, due to
the location of thdorrowsite (approximately four tbve milesfrom the project), and thiamited
dredging window, actual periodic nourishments are now done in two or three smaller contracts

(3). Dade County, FloridaThe actual cost per cubic yard was higher than the estimated
cost per cubic yard since the actual cubic yardage was less than what was estimated, and fixed costs
such as mobilization and demobilization were divided by a smaller total cubic yardage to arrive at the
unit cost. Limited sand availabilifyom suitable offshore borrow sources has also raised the cost of
periodic nourishment for this project. These costs will rise in the future as borrow sources become
evenmore limited. Both upland sources and arragonite from the Bahamas are being considered as
future borrow sites for thiproject. However, the projebis been relatively stable since it was
constructed and actuaburishment quantitiesresignificantly lesgshan anticipated. This helps to
compensate for the higher unit costs.

(4). PalmBeach County - Delray Beach, Florid&he estimated costs per cubic yard for
periodic nourishment are significantly higher than the actual costs. The original plan was to nourish
with a relatively smalljuantity of sand (108,00€ubic yards) everyhree years, whereas actual
nourishments have been done on a seven year cycle. The erosion at this project has been higher than
predicted. The actual yardage placed is 2,577,000 cubic yards for the 20 year period between 1973
and 1993, or 128,850 cubic yards per year. Abo@0B6¢ubic yards per year was estimated for the
project, assuming that noverfill was needed. One reason for thigher erosiorrate is that
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nourishments have utilized availaloishoreborrow areasvith granular sizes less théime native

coarser beach sand. Tharrent offshordorrow areas haveraedian diameter d@.26 mm. The

original borrow source had sand ranging from 0.27 to 0.41 mm. median diameter. The native beach
material has a mean diameter B84 mm. The native beach consists @5 mm. sand in the
backshore and 0.1 mm. diameter sand in the foreshore. The larger quantities of actual nourishment
and the less frequent nourishment cycle make the actual costs per cubic yard less than the estimated
costs,because théxed costs are spread over mgr@dage andbtal fixed costs for the period of

record are lower with fewer actual nourishments. Actual costs in the future may be impacted by the
acceptable window for hopperediging in the area from 1 November to 31 March in order to avoid
adverse impacts on sea turtles.

3. Adjusted Costs, Entire Program.

a. Figure 4-2 shows the adjusted costs of the entire program from 1950 to 1993. Because
these costs are at a common price level, relative changes in spewvelitigne can be observed.
Although there isignificant variability fromyear-to-year, thgenerakrendhas been one of rising
costs. This is a natural expectation as more projects are constri@vedall, Federal shore
protection program costs have increased from $5 million in 1950 to about $60 million in 1990.
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Figure 4-2 - Shore Protection Program Costs 1950-1993
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b. The expenditures for the 56 projects were totaled for each pedgguent and are
presented in Tablé-4. Totalcumulativecosts in 1993lollars areb1,489.5million. If all project
costs were adjusted usiogly the ENRindex, the total cost in 1998ollars would be $1,177.3
million.

Table 4-4 Adjusted Costs, Shore Protection Program, 1950-1993

Types of Measures Federal Costs Total Costs
($ million 1993) ($ million 1993)
Initial Restoration 426.0 730.4
Periodic Nourishment 270.9 420.4
Structures 153.9 308.5
Emergency Measures 30.2 30.2
Total 881.0 1,489.5

4. Adjusted Costs by Project

a. General. This section analyzes and describes adjusted costs for particular projects. Table
4-5 containsndividual project costs adjusted to 1988llars and listed bproject elements. This
table summarize®tal project costs to datacluding initial construction, periodiaourishment,
structures, and emergency costs. The adjusted cost data is categorized under the Corps office that
oversees each project.

b. Brief Descriptions.Brief descriptions of the Corps offices and their projects are provided
in the following paragraphs.

(1). New Englandivision (CENED). Most New EnglandDivision's (Mainethrough
Connecticut) projects werbduilt in the 1950s and 1960s and waeaypically designed for the
protection ofsmallpocket-beaches. In 1992, N&mgland's largesthore protection project was
completed at Revere Beach, MA at a cost of 6 million 1993 dollars.

(2). New YorkDistrict (CENAN). All of the New York District (Atlantic coast of New
York and northern New Jersey) shore protection projects were constructed in the 1960's and 1970's.
The projects in Rockaway, NY, Fire Island, NY, and Keansburg, NJ each cost over 40 million 1993
dollars. The most expensive, Keansburg (80 million 1993 dollars), was a hurricane dune, levee and
tide gate project. The other two were primarily beach nourishment projects.

(3). _Philadelphidistrict (CENAP) PhiladelphiaDistrict (Southern Newlersey and
Delaware) has beach nourishment projects at Cape May (Cape May Inlet to Lower Township, NJ)
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Table 4-5 Adjusted Costs by Project and Project Element

(Thousands in 1993 Dollars) (Continued on Next Page)

Project Name District Initial Beach Periodic Structures Emergency Total Costs
Restoration Nourishment Costs
1. Prospect Beach, CT CENED (1) (2) 441 441
2. Seaside Park, CT 1) ) 0 0
3.  Sherwood Island State Park, CT 1417 (2) 135 1152
4. Quincy Shore Beach, MA (1) 2) 5646 5606
5. Revere Beach, MA 603p 0 0 6080
6.  Winthrop Beach, MA (1) ) 138p 1342
7. Hampton Beach, NH 15256 (2) 707 2232
8.  Wallis Sands State Beach, NH (1) 0 02 02
9.  Cliff walk, RI 0 0 1715 1719
DIVISION TOTALS - CENED 8572 0 10324 q 1890p
10.  Atlantic Coast of NYC, E. Rockaway Inlet to RockajvayCENAN 31565 2649( 2439 3399 63893
Inlet and Jamaica Bay, NY
11. Atlantic Coast ofLong Is. Fire Is. Inlet & Shoreg 24449 1961p o 44065
Westerly to Jones Inlet, NY
12. S. Shore oflong Is. Fire Is. to Montauk Poirt, 9000 0 20134 2913p
Moriches to ShinnecockReach, NY
13. S. Shore ofLong Is. Fire Is. to Montauk Pf. D D 2962 2962
Southampton to Beach Hampton, NY
14. Raritan and Sandy Hook Bayladison and Matawgn 5944 0 8|2 6756
Townships, NJ
15. Raritan Bay and Sandjook Bay, Keansburg and E. 0 0 807431 80p31
Keansburg, NJ
16. DE Coast Sand Bypass - Indian River CENAP 0 719 2069 104 289
17. Cape May Inlet to Lower Township, NJ 97B7 4461 3p18 17966
18.  Great Egg Harbor Inlet and Peck Bch, NJ 27B16 0 p287 29603
19. Atlantic Coast of MD-Ocean City, MD CENAB 32117 1194 6280 1950 41543
20. Virginia Beach , VA CENAO 0 27287 0] 2164 29456
DIVISION TOTALS - CENAD 140178 79864 120834 7647 348508
21. Wrightsville Beach, NC CESAW 9245 9087 q 275 21087
22. Carolina Beach and Vicinity, NC 8910 23129 194 5209 3442
23. Fort Macon, NC 27P 0 38%2 41B1
24. Folly Beach, SC CESAC 7184 a 1609 879B
25. Tybee Island, GA CESAS 15597 741 268[L 355 26043

(1) Costs could not be adjusted because cubic yardages of material placed were not available.

(2) Periodic nourishment was the responsibility of local sponsors and information is not available
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Table 4-5 Adjusted Costs by Project and Project Element

(Thousands in 1993 Dollars) (Continued)

Initial Beach Periodic Emergency Total
Project Name District Restoration Nourishment Structure Costs Costs

26. Pinellas Co.-Sand Key Segment, FL CESAJ 40563 0 1443 4200p
27. Broward Co.-Segment 2, FL 188]L8 20716 0 39534
28. Broward Co. -Segment 3, FL 49585 24399 0 74184
29. Brevard Co.-Indialantic/Melbourne, FL 6111 0 0 6111
30. Brevard Co.-Cape Canaveral, FL 4481 0 0 4781
31. Fort Pierce Beach, FL 4646 35p5 0 8201
32. Duval Co., FL 3758 44196 0 817y9
33. Pinellas Co.-Long Key Segment, FL 1977 3273 1139 289
34. Pinellas Co.-Treasure Is. Segment, FL 6]67 9450 1429 8518 P5564
35. Virginia Key and Key Biscayne, FL 6016 2505 3472 12p33
36. Dade Co., FL 14496p 10939 74p2 163310
37. Lee Co.-Captiva Island Segment, FL 11477 0 0 11477
38. Palm Beach Co.-Boca Raton Segment, FL 4471 0 0 K471
39. Palm Beach Co.-Delray Beach Segment, FL 8630 1y752 0 26382
40. Palm Beach Co.-(58) Lake Wotlthiet to South Lake 3906 3906

Worth Inlet, FL
41. Manatee Co., FL 8534 0 0 85B4
42. Harrison Co., MS CESAM 9975 10851 664 27412

DIVISION TOTALS - CESAD 405418 187503 3377B 16837 643530
43. Grand Isle and Vicinity, LA CELMN 21170 8869 230 5014 37353
44. Corpus Christi Beach, TX CESWG 4608 3686 361 865p
45. Galveston Seawall, TX D 0 53210 53410
46. Presque Isle, PA CENCB 38684 47199 23988 109866
47. Lakeview Park Cooperative, OH 10p1 133 1680 2874
48. Hamlin Beach State Park, NY 2887 0 2964 5851
49. Point Place, OH D 17794 177p4
50. Reno Beach, OH D o 67%0 67p0
51. Maumee Bay, OH 1608 0 832 2440
52. Surfside/Sunset, CA CESPL 68971 0 4481 7345p
53. Oceanside, CA 10892 2482 1181 14555
54. Channel Islands Harbor, CA 187p0 90624 21613 1390997
55. Coast of CA, Point Mugu to San Pedro, CA 4968 0 3261 B229
56. Ventura-Pierpont Area, CA 2699 0 31p3 82 6p04

DIVISION TOTALS - OTHER COASTAL 176268 152997 143573 5696 478530

TOTAL PROGRAM 730434 420364 3085(8 301p0 1489468
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and at Ocean City, New Jerg&reat Egg Harbor Inlet and Peck Beach, NJ). This district also has
a sand bypassing plant at Indian River in Delaware.

(4). Baltimore District (CENAB) Baltimore District (Maryland and the northern Virginia
peninsula) containgne of the best known projects, Ocean City, Maryland. Seventy seven percent
of the 41.5 million.993 dollar total cost wastributed to the 8.4 mile long berm, in the initial beach
restoration. Structural costs weneurred for the construction ofla8 mile long bulkhead. This
fairly recent project (construction beganl®90)has been hit by severe stormsaoth 1991 and
1992, attracting much media attention.

(5). Norfolk District (CENAQO) Norfolk District (SoutherrVirginia) has had a beach
nourishment project at Virginia Beach, VA since the ed8§0s. About 2.1 million 1993 dollars has
beenspent for emergencyosts. Theemainingcosts of 27.3nillion 1993dollars have been for
periodic beach nourishment.

(6). Wilmington District (CESAW) Wilmington District (North Carolina) has three
projects in North Carolina, all built in the 1960s. Two prisie@/rightsville and Carolina Beach, cost
between 20 and 40 million 1993 dollars. While Fort Macon cost only 4 million 1993 dollars.

(7). Charleston District (CESAC).Charleston DistrictSouth Carolina) has just one
project, at Folly Beach, South Carolina. Fmeject was authorized in 1986 and construction began
in 1993. The majority of the project cost was initial beach restoration ofile $ong protective sand
berm. Structural costs were incurred for the construction of nine groins, placed every 600 feet along
the coast.

(8). Savannah District (CESASpavannah District (Georgia) has the Tybee Island project,
located at the northern most barrier island of Georgia. The project has been in place for twenty years.
Initial beachrestoration increased thesable beach frorB00 feet inlength t015,000 feet. The
structural costs were for building a concrete seawall the length of the beach and a rock groin at each
end.

(9). Jacksonville District (CESAJ)Jacksonville District (covering the peninsular Florida
coastline, Puerto Rico, and the U.S. Virgin Islands) has more shore protection projects (16) than any
other district . The majority of these were built in the 1%f@$1980s. They run the gamut in terms
of cost,from 3.9 million 1993 dollars for the sand transfer plant in Palm Beach County to 163.3
million in 1993dollars for the Dade County project. The averem® per project idacksonville
district is 32.4 million in 1993 dollars. The most recent project in Florida was the Manatee County
project, constructed in 1993 and costing $8.5 million.
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(10). Mobile District(CESAM). Mobile District(Westernpart ofFlorida, Alabama and
Mississippi) hasne of thefirst beach nourishment shore protection projedhis project was
constructed in Harrison County, Mississippi in 1952. Previous to the 1952 project, Harrison County
had built a seawall tprotect U.S90, a major transit corridor between Florida and Louisiana. By
1952, thebeach frontinghe seawallhad disappeared and waves were pounding at the base of the
structure. The 1952 projectalledfor initial beachrestoration, some periodiourishment, and
repairs to the existing seawall.

(11). New Orleans District (CELMN)New Orleans District (Louisiana) contains the Grand
Isle, Louisiana project. Prior to the Corps involvement in 1970, various state agencies attempted to
protect the shoreline with groins and beach nourishment. Intt@/Qorps constructed a revetment
to tie 1,400 feet of shdiee into the existing eastern groin. Later, a groin at the western end of the
island was completed. The initial restoration and periodic nourishment costs were incurred during
the completion of a seven miledrh and dune between the east and wesisgrdhe small structural
costs were incurred for thextension of both groins 500 feet. Additional, emergency funding was
necessary to restore the project after several devastating storms.

(12). Galveston District (CESWGalveston District's (Texas) shore protection program
consists of the Galveston Seawall and the nourishment project at Corpus Christi Beach. Galveston's
seawall was originally built after the devastating 1900 hurricanevaadextended in 1960. The 1960
seawall extension is 17 feet tall, 3 miles long and made of concrete. Galveston's project is typical of
the older structural projects, with no money spent on beach restoration or nourishment. In contrast,
most of the cost of the 1978 Corpus Christi project was for the restoration and nourishment of the
beach.

(13). Buffalo Districf CENCB). Buffalo District(Lake Ontario and eastern Lake Erie)
contains one of the Nation's most expensive projects, Presque Isle, Pennsylvania on Lake Erie. Since
1956, 110 million in 1993 dollars has been spent to curb erosionhef Presque Islpeninsula.

Buffalo District has four other relatively small projects along Ohio's Lake Erie shoreline, and one on
the shoreline of Lake Ontario in New York State.

(14). Los Angeles District (CESPLAIl of the Corps shore protection projects on the west
coast are in the Los Angeles District (Southern coast of California). Two of these are quite large in
terms of total cost: Channel Islands Harbor (131 million in 1993 dollars); and Surfside/Sunset (73.5
million in 1993 dollars).
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D. PROJECT PERFORMANCE COST
1. Introduction

a. Changing ConditionsThe time between authorization and construction of Federal shore
protection projects in most casesnanyyears. During the course of these yephysical land
conditions, Federatostsharing and design requirements, and non-Federal needs and concerns
change. For example, approximately half of all the beach erosion contstbamddamage reduction
projects were first authorized by the mid-1960's. Most of thesebeabh projects planned to utilize
borrow areas located inland waterways, rivers, estuaries, or dand quarriegdue tolimited
offshore dredging technology. Because of uncertainties involved, Federal participation in periodic
nourishment walmited to tenyears from completion of construction. The CoaStajineering
Research Center (CERC), which was established in 1963 stasgtarting to develop the technology
that is now available to all the Corps districts. In addition, studies were initiated to locate offshore
sources of sand in 1964 (Intercontinental Shelf Sediment StudgREZto avoid the environmental
impacts associated with inland water and estuary use. See Chapter 2, paragraph D, of this report for
additional background information in this area. For these and other reasons, cost estimates for the
early Corps projects contained in the Congressional documents did not always accurately reflect what
was finally constructed.

b. Defining Estimated CostsComparison of an “authorized” fixed structure to a soft beach
nourishment project, or of a 20-mile-long project to a five-mile-long project would be meaningless.
This report attempts to compare “actual/estimated” for like projects rather than “actual/authorized”
for projects which changed drastically from authorization to construction. To measure performance,
this report uses the preconstruction cost estimates available when the local cooperation (the project)
agreement is signed by the Corps and the non-Federal sponsor. Agreements are normally signed after
preconstruction documents are completed. The execution of the agreement and project funding by
the local, stateand Federal interests is, in realitiye legal commitment byll parties to fund and
construct the project. As projects change over time, Congress is made aware of these changes during
the yearlybudget testimony anthe non-Federal sponsor througtfinements tothe project
cooperation agreements.

c. Review of Selected Projectlt was beyond the scope of this report to track all changes
for all projects. However, six projects were randomly selected for a thorough historical review. Of
these projects, three are on fiantic coast (Ocearlity, MD; Carolina Beach, NC; andybee
Island, GA); one is on the Gulf Coast (Grand Isle, LA); one is on the Great Lakes (Presque Isle, PA);
and one is on thBacificcoast (Surfside/Sunset, CARAppendix E contains a detailed description
of these six projects. This description includes; project location; storm history; problem statement;
study authority; project authorizatiompformation at time ofproject authorization; project
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Box 4-1

Brief Authorization Summary of Six Projects

Project Study Project Project Construction
Authority Authorization Modification Complete
Ocean City, H Res. Jun 1963 1986 WRDA 1989 GDM October 1991
Maryland S Res. Feb 1967
Carolina Beach, | PL 71-84, 1955 1962 FCA 1967 Em. Meas. | July 1982
North Carolina 1970 Em. Meas.

1973 Em. Meas.
1981 Em. Meas.

Tybee Island, H Res. Jun 1963 1971 H&S Res. 1974 GDM March 1976
Georgia S Res. Apr 1963
Grand Isle, H Res. Sep 1963 1976 H&S Res. 1980 GDM September 1991
Louisiana S Res. May 1966 1988 Em. Meas.

1990 Em. Meas.
Presque lIsle, H Doc. 83-231 1954 R&H Act 1960 R&H Act November 1992
Pennsylvania 1974 WRDA

1980 GDM

1981 COE Rpt.

1986 GDM

1986 WRDA
Surside/Sunset, | Sec. 2, 1930 R&H Act | 1962 R&H Act 1963 COE Rpt. Stage 1; 6/64
California 1958 R&H Act 1976 WRDA Stage 2; 11/68

1986 WRDA Stage 3; 2/70

Stage 4A; 5/71
Stage 4B; 3/73
Stage 5; 3/73
Stage 6; Def.
Stage 7; 6/79
Stage 8; /85
Stage 9; /90

modifications; project nourishment and maintenance program; and a history of the project’s costs and
benefits. A very brief authorization summary of the six projects is contained in Box 4-1. As shown
in the table, the average time between project authorization and completion of construction is almost
20 years.

2. Performance at the Program Level, Costs

a. _Total for ProgramThis section compares actual costs to the re-construction estimates
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for eachelement ofthe programinitial beach restoration; periodic nourishment; atrdictures.

Certain projects were excluded from this analysis due to incomplete data, or because the constructed
projectdiffered significantly fronthatenvisioned athetime ofthe preconstruction estimate. For
example, one project was deleted from this comparison becaesgithates were for a 15-mile-long
project but only 2 miles ofthe project wereactually constructed. Table 4-6 summarizes and
compares the actual and estimated costs for each project element (initial beach restoration, periodic
nourishment, andtructures) asvell as providingtotals for the entire program.Analyzing the

projects with sufficient data indicates that the overall program's actual and estimated costs, in 1993
dollars, are $1,340million and $1403.0million, respectively.This is a difference of 4 percent, with

the actual costs being less than the estimated. However, these findings must be qualified by the fact
that only about 82 to 83 percent of each category's total number of projects are being represented in
the total actual and estimated costs, as explained above.

Table 4-6 Comparison of Actual to Estimated Costs at the Program Level

Estimated Costs
($ million 1993)

Actual Costs
($ million 1993)

Type of Measure Number of Projects

Initial Restoration 40 of 49 652.4 660.0

Periodic Nourishment 33 0f 40 389.9 431.6

Structures 350f42 298.6 3114
Totals 1,340.9 1,403.0

b. Initial Beach Restorationin the initial beach restoration category, 49 projects had either
planned or actual beach restoration. However, after careful reviine data, nine of these projects
were excluded from the overall program cost performance analysis. The specific projects, and their
reasons for exclusion, are listed below:

(2). Five New England Division projects (Prospect Beach, CT; Seaside Park, CT; Quincy
Shore Beach, MA; Winthrop Beach, MA; and, l§&ands State &ch, NH) werexcluded because
beach restoratiowas done by non-Federal sponsors and later reimbursed by the Corps. Quantities
of sand were noavailablefor these projects and, therefore, costs cowldbe updated t@993
dollars with the study methodology (see "methodology for adjusting costs" above).

(2). The South Shore of Long Island, Fire Island to Montauk Point, Moriches to Shinnecock
Reachproject was excluded because the estimates were for a 15.5 mile reach, only a small portion
(about 2 miles) of which was actually constructed.

I EEEEEEEE——
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(3). For the Delaware Coast Sand Bypass - Indian River, DE and Raritan and Sandy Hook
Bay, Keansburg and E. Keansburg, NJ projects, beach restoration was planned, but no actual costs
were provided by the districts.

(4). Surfside/Sunset, Céostestimates provided by the district were pafiglres; no
estimates were available for two stages of project construction.

c. Periodic NourishmentThere were 40 projects thatolved periodic nourishment, but
seven of these were elmated from the overall program comparison. Specific projects and reasons
are listed below.

(2). Five New England Division projects (Prospect Beach, CT; Seaside Park, CT; Quincy
Shore BeachMA; Winthrop Beach, MA;and, Wallis SandStateBeach, NH) and the Harrison
County, MSproject, were excluded becauséormation is missing omperiodic nourishment as
periodic nourishment was the responsibility of the-Rederal sponsors and the Corps does not have
any records.

(2) The project for the Atlantic Coast of Long Island, Fire Island Inlet and Shore Westerly
to Jones Inlet was excluded because estimates were not available for periodic nourishment for this
project. Any sand removed from the navigation channel is placed on the beach to serve as a feeder
beach.

d. Structures There were 42 projects that incorporated structural components. Seven of
these were excluded from the overall program comparison of actual and estimated structural costs.
Specific projects and reasons are given below.

(1). For the five projects listed below, estimates were not available for structures because
they were not part of the original project.
(a). Atlantic Coast of New York City, East Rockaway Inlet\ Jamaica Bay
(b). Carolina Beach, NC
(c). Pinellas County, FL - Sand Key Segment
(d). Pinellas County, FL - Long Key Segment
(e). Pinellas County, FL - Treasure Island Segment

(2). For the Broward County, FL - Segmenfplibject, actual costs for structural elements
were not available. This is a reimbursalpeoject, with thework being performed bBroward
County. The structural work involved includes some derelict groin removals and sand tightening of
structures ainlets,bothrelatively minor incost. The structuralvork wasnot part of theoriginal
project.
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(3). For the Coast of CA, Point Mugu to San Pedogept, the estimates for structures are
only partial figures; they do not include all of the structures that were actually constructed.

3. Performance at the Project Level, Costable4-7 lists the differences between actual and
estimated costs fandividual projects, expressed as a percentage of the estimaterddn to

maximize use of the available data, percentage differences were calculated for each project element
(initial beach restoratiomperiodic nourishment, and structures). This allowed the inclusion of some
projects thathad missingdata onnourishment, forexample,but completedata for structures.
Positive numbers indicatm®stoverrun; negative numbers indicate savingsr example, a 10 in

Table 4-7 means that actual costs were 10 percent higher than the estimated costs. Similarly, a -10
in Table 4-7 means that actual costs were 10 percent less than estimated costs. A zero in Table 4-7
means the actual cost was equal to the estimated cost.

4. Statistical Analysis at the Program Level

a. Introduction The following section of the report examines the percentage differences
between actual and estimatauokts, by projecand projecelement (presded in Tabled-7), in a
guantitative fashion, through the use of statistical analysis.

b. Inititial Beach Restoration There are 40 cases initial beachrestoration cost
differences that range from -73 to + 85 percent. The mean, or arithmetic average, of these 40 cases
is 0.3 percent. This means that the average difference between actual initial beach restoration costs
and estimated initial beach restoration costs is less than one percent; actual costs were less than one
percent higher than estimated costs. The median, or middle point, of this distribution is 2, indicating
a 2 percent cost overrun. The relative closeness of these two measures of central tendency to zero
indicates that the magnitude of the cost overruns of the group is about equal to the magnitude of the
cost underruns. These percentage differences were also converted to standardized scores. Standard
scores are thdifference betweethe score and themean, divided bythe standardleviation.
Standardizing the scores allows one to determine the exact percentile for each score. In the case of
initial beach restoration, 76 percent of the cases fell below a 25 percent cost overrun.

C. Periodic NourishmentThere are 30 periodic nourishment cost differences in Table
4-7 that range froral00 to +95. A "-100" imMable4-7 meanghat the projecincluded planned
periodic nourishmenthat wasnever done. This does notecessarily indicatéhat low rates of
erosion left nourishmentnwarranted. Nourishment wast carriedout asplannedfor several
reasons. In some cases, the non-Federal sponsor withdrew from the project agreement. In some
recentlyconstructed projects, the schedule had slipped so that nourishment was really not due yet.
In only two of the nine projects with -100's (Hamlin Beach State Park, NY, and Maumee Bay, OH)
was the lack of nourishment an indicator of less-than-expected erasem Therefore, the
remainingseven were eliminated from the statistical analysis, so as not to inappropriately skew the
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Table 4-7 Differences Between Actual and Estimated Costs
Expressed as a Percentage of the Estimatantinued on Next Page)
Initial Beach Periodic Structures
Restoration Nourishment

Project Name

Costs (%)

Costs (%)

Costs (%)

Prospect Beach, CT 32
Seaside Park, CT
Sherwood Island State Park, CT 78 -93
Quincy Shore Beach, MA 117
Revere Beach, MA -13 -100]
Winthrop Beach, MA -51
Hampton Beach, NH -
Wallis Sands State Beach, NH -23
Cliff walk, RI -74

Atlantic Coast of NYC, E. Rockaway Inlet to Rockayval -22 1
Inlet and Jamaica Bay, NY
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Atlantic Coast of Long Isire Is. Inlet & Shore Westerly
Jones Inlet, NY

12. S. Shore of Long Is. Fire Is. to Montauk Point Morichgs [o
Shinnecock Reach, NY

13 S. Shore of Long Is. Fite. to Montauk Point Southamptpn 21
to Beach Hampton, NY

14. Raritan and Sandy Hook Bay, Madison and Matawan 13 -100] -9
Townships, NJ

15. Raritan Bay and Sandy Hook Bay, Keansbury arld [E. -100] 234
Keansburg, NJ

16. DE Coast Sand Bypass - Indian River -g6 83
13

A2

17. Cape May Inlet to Lower Township, NJ - 1
18. Great Egg Harbor Inlet and Peck Beach, NJ n7 -100] 124
19. Atlantic Coast of MD - Ocean City, MD b9 -3
20. Virginia Beach, VA 76
21. Wrightsville Beach, NC 20 10
22. Carolina Beach and Vicinity, NC b1l -3
23. Fort Macon, NC -3l -100] 217
24. Folly Beach, SC -36 -45
25. Tybee Island, GA 17

26. Pinellas Co, Sand Key Segement, FL 9 -100]
27. Broward Co, Segment 2, FL iy 46
28. Broward Co, Segment 3, FL 17 1
29. Brevard Co, Indialantic/Melbourne, FL 111 -100
30. Brevard Co, Cape Caneveral, FL 40D
31. Fort Pierce Beach, FL
32. Duval Co, FL -24 -2
33. Pinellas Co, Long Key Segment, FL fh 9b

|
T
W

'
W10
Pty

IV-23



Shoreline Protection and Analysis of
Beach Erosion Control Study Shore Protection Costs
. _________________________________________________________________________________________________________|

Table 4-7  Differences Between Actual and Estimated Costs Expressed as a

Percentage of the Estimate (Continued)

Initial Beach Periodic Structures
Restoration Nourishment

Project Name Costs (%) Costs (%) Costs (%)

34. Pinellas Co, Treasure Is. Segment, \fl 13 3
35. Virginia Key and Key Biscayne, FL 0 -1ng 9
36. Dade Co, FL il -53 1090
37. Lee Co, Captiva Island Segment, FL 32
38. Palm Beach Co, Boca Raton Segment, FL -1L7
39. Palm Beach Co, Delray Beach Segment, FL 0 1K0]

40. Palm Beach Co, Lake Worth Inlet to South Lake Worth 12
Inlet, FL

41. Manatee Co, FL -4
42. Harrison Co, MS
43. Grand Isle and Vicinity, LA 1
44. Corpus Christi Beach, TX
45. Galveston Seawall, TX -50
46. Presque Isle, PA -13

47. Lakeview Park Cooperative, OH 13 80 43
48. Hamlin Beach State Park, NY 2 -100 F11
49. Point Place, OH 28
50. Reno Beach, OH -20
51. Maumee Bay, OH -12 -100] -B4
52. Surfside/Sunset, CA -13
53. Oceanside, CA g5 30
54. Channel Islands Harbor, CA P2 1 26
55. Coast of CA, Point Mugu to San Pedro 0
56. Ventura-Pierpont Area, CA 7 -5
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analysis. The Fort Pierce Beach, FL and thérginia Key andKey Biscayneprojects were also
eliminated from the statistical analysechuseheir cost underruns in periodic nourishment were not
indicative of a lack of erosion. Statistics were calculated for periodic nourishment cost performance
in 21 projects. The mean of this group was -14 and the median was -10, indicating that the average
project underspent on periodic nourishment by 14 percent. The standard deviation of this distribution
was 48. Compared to thatial beachrestoration costlifferences examinedbove, theperiodic
nourishmentostdifferences had a highstandard deviation (more variatiobyt also had more
incidence of cost underruns.

d. Structures Finally,there are 34 structure catifferenceshat range from -93 to
+359. The mean dlfie distribution is 17 and the median is -12. The negative median suggests that
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there are more projects where structural costs were less than estimated, but that there are a few large
costoverruns that have pulled the mean upward. The large standard deviation of 87 indicates that
there is high variability. Itcan benoted that the structural components had larger overruns than
both of the beach nourishment project components.

5. Performance by Project Size, Cost

a. Comparison by SizeProjects were grouped bize inorder to further explore the
guestion of cost performance. Categories were based on the aggregate cost of the project, and were
as follows: Small (under $10 million); medium ($10 to $50 million); and, large (over $50 million).
Percentagédifferences between actual and estimated total project costs were analyzed within each
group. As can be seen in Talle3, costperformance varied substantially framne project to
another. Of the 46 projects which were analyzed, 22 had cost overruns, 23 had cost underruns, and
1 had actuatosts equal to the estimated costs. Statistical analysis by project size showed that, on
averagesmallprojects cost 16 percelgss than estimated; medium projects cost 16 percent more
than estimated; and large projectst 4 percenmnore than estimated. Standard deviations were
similar for all three groups.

b. Comparison by Size by Yealn order to see whether cost performance has changed
over time, the percentage differences were plotted according to the year of the project construction
costestimates. These scatter graphsiraskeided as Figure$-3, 4-4,and4-5, which showsmall,
medium, and large projects, respectively. Examination of these figures reveals that for medium and
large projects, cost performance has improved significantly since the 1960s. These figures also show
the absence of a bias toward either cost overruns or cost underruns.

C. Comparison by Size, Including Emergency CoSisme projects experienced severe
storms and required emergency repairs and nourishment. 4-@ldesplays a similar analysis of
actual/estimatedostdifferences as wasode above, but in this case emergency costs are included
with the actual costs. Nestimates are done femergencyosts. The results diis analysis are
almost thesame as Tablé-8 for smalland large projectsFor mediumprojects, thenclusion of
emergencycostsbringsthe meanpercentage cost overrun tqom 16 to 24 percent. Standard
deviations for all three groups remain in the range of 34 to 39.
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Table 4-8 Percentage Differences Between Actual and Estimated Costs
By Project and Project Size

95

PROJECTS COSTING 9% PROJECTS COSTING % PROJECTS COSTING %
<$10 MILLION $10 - 50 MILLION OVER $50 MILLION
Seaside Park, CT N/A Harrison CO., Mississippi N/A Surfside/Sunset, CA N/A
Wallis Sands Beach, NH N/A S. Shore of Long Is. Fire Is. to Montaul Pnt. N/, Galveston Seawall, TX -50
Moriches to Shinnecock Reach, NY
Prospect Beach, CT N/A Point Place, OH 48 Atla@oast ofNYC, E. Rockawa -10
Inlet to Rockaway Inleaind Jamaicd
Bay, NY
Sherwood Island State Park, CT N/A Oceanside, CA 114 Broward Co, Segment3, FL 1
Winthrop Beach, MA N/A Cape May, NJ -4 Keansburg, NJ
Quincy Shore Beach, MA N/A Wrightsville Beach, NC 1b Duval CO, FL -24
Hampton Beach, NH N/A Pinellas Co, Treasure Is., FL 7 Presque Isle, PA
Revere Beach, MA -21 Tybee Is. GA 3 Channel Islands Harbor, CA
Raritanand Sandy HoolBay, Madison an 8 Palm Beach Co, Delray Beach, FL 6 Dade Co., FL
Matawan Townships, NJ
Palm Beach Col.ake Worth Inlet to South 12 Lee Co., Captiva Island, FL 31 N 8
Lake Worth Inlet, Fl
S. Shore of Long IsFire Is. toMontauk Pt -21 Virginia Key and Key Biscayne, FL -27 MEAN 4.00
Southampton to Beach Hampton
Reno Beach, OH -20 Virginia Beach, VA 76 STANDARD 39.37
DEVIATION
Cliff walk, RI -74 Great Egg Harbor, NJ 23
Palm Beach Co., Boca Raton, FL -17 Grand Isle, LA 6
Brevard, Cape Canaveral, FL -40 Carolina Beach, NC 0
Maumee Bay, OH -26 Broward Co., Segment 2, FL -23
Hamlin Beach State Park, NY -28 Ocean City, MD 20
Lakeview Park Coop, OH -37 Pinellas Co, Sand Key, FL .
Brevard Co, Indialantic/Melbourne, FL -53 Atlantic Coast of Longs. Fire Is. Inlet an -11
Shore Westerly to Jones Inlet, NY
Pinellas Co, Long Key, FL 8q N 17
Ventura Pierpont, CA 3 MEAN 16.24
Delaware Coast Sand Bypass, DE -17 STANDARD DEVIATION 33.41
Fort Macon, NC 6
Fort Pierce Beach, FL -46
Coast of CA, Point Mugu to San Pedro 3
Manatee CO, FL -45
Corpus Christi, TX 2
Folly Beach, SC -38
N 21
MEAN -16.10
STANDARD DEVIATION 32.76
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Figure 4-3 Small Projects - Comparison of CosDifferences
Between Actual and Estimated, Expressed as a Percentage of the Estimate
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Figure 4-4 Medium Projects - Comparison of Cost Differences

Between Actual and Estimated, Expressed as a Percentage of the Estimate
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Figure 4-5 Large Projects - Comparison of Cost Differences
Between Actual and Estimated, Expressed as a Percentage of the Estimate
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Table 4-9 Differences Between Actual and Estimated Costs
(Including Emergency Costs)

PROJECTS COSTING PROJECTS COSTING PROJECTS COSTING
(WITH EMERGENCY COSTS) % (WITH EMERGENCY COSTS) % (WITH EMERGENCY COSTS) %
< $10 MILLION $10 - $50 MILLION OVER 50 MILLION
Seaside Park, CT N/A Harrison CO., Mi ippi N/A Surfside/Sunset, CA N/,
Wallis Sands Beach, NH N/A S. Shore of LongHse Is. toMontauk Pnt. N/A Galveston Seawall, TX -50
Moriches to Shinnecock Reach, NY
Prospect Beach, CT N/A Point Place, OH 2B Atla@@ast ofNYC, E. Rockaway Inlet to -5
Rockaway Inlet and Jamaica Bay, NY
Sherwood Island State Park, CT N/A Oceanside, CA 114 Broward Co, Segment 3, FL 14
Winthrop Beach, MA N/A Cape May, NJ -4 Raritan and Sandy Hook Bay, Keansbur 95
Quincy Shores Beach, MA N/A Wrightsville Beach, NC 3p Duval CO, FL -24
Hampton Beach, NH N/A Pinellas Co, Treasure Is., FL 5 Presque Isle, PA -1
Revere Beach, MA -21 Tybee Is. GA 4 Channel Islands Harbor, CA
Raritan and Sandy HooRay, Madison and| 8 Palm Beach Co, Delray Beach, FL 6 Dade Co., FL -2
Matawan Townships, NJ
Palm Beach Col.ake Worth Inlet to South 12 Lee Co., Captiva Island, FL 37 N 8
Lake Worth Inlet, FL
S Shore of Long IsFire Is. toMontauk Pnt. -21 Virginia Key & Key Biscayne, FL -27 MEAN 4.63
Southampton to Beach Hampton
Reno Beach, OH -20 Virginia Beach, VA 90 STANDARD DEVIATION 39.18
Cliff Walk, RI -74 Great Egg Harbor, NJ 22
Palm Beach Co., Boca Raton, FL -17 Grand Isle, LA 23
Brevard, Cape Canaveral, FL -40 Carolina Beach, NC 17
Maumee Bay, OH -26 Broward Co., Segment 2, FL -23
Hamlin Beach State Park, NY -28 Ocean City, MD 26
Lakeview Park Coop, OH -37 Pinellas Co, Sand Key, FL 2
Brevard Co, Indialantic/Melbourne, FL -53 Atlantic Coast ofong Is. Fire Is. Inlet and Shorp -11
Westerly to Jones Inlet, NY
Pinellas Co, Long Key, FL 80 N 17
Ventura Pierpont, CA 15 MEAN 23.88
Delaware Coast Sand Bypass, DE -14 STANDARD DEVIATION 37.01
Fort Macon, NC 6
Fort Pierce Beach, FL -46
Coast of CA, Sand Mugu to Sad Pedro
Manatee CO, FL -45
Corpus Christi, TX 2
Folly Beach, SC -38
N 21
MEAN -15.10
STANDARD DEVIATION 33.98
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E. QUANTITIES OF SAND PLACED IN BEACH NOURISHMENT
PROJECTS

1. Program OverviewIn addition to project costs, information was also collected on the quantities
of sand placed during initial restoratiand periodic nourishment. The survey data revealed that 49
of the 56 projectivolved initial beachrestoration. The totalolume of sand placed wd40.6
million cubic yards, distributed ang the regions of the country as follows: 22 percent in the North
Atlantic Division; 46percent in the SoutAtlantic Division; and 32 percent in thether coastal
divisions. Based on the collectddta, 40 of the 56 projedtsvolved periodic nourishment. The
total volume placed wag9.1 million cubic yards, distributed amore regions afollows: 18
percent in NorthAtlantic Division; 36percent in Soutftlantic Division;and 46 percent inther
coastal divisions.

2. IndividualProjects The quantities of sand used for beach restoration and periodic nourishment
are shown by project in Table 4-10. The 36.3 million cubic yardarad used in California's Channel
Islands Harbor is the largest quantity of sand that has been placed. The second largest quantity of
sand was used in Dade Coulffiami Beach), Floridg15.2 million cubic yards), followed by
Surfside/SunsetCalifornia (14.3 million cubic yards);the Atlantic coast of New YorkCity at
Rockaway (11.7 million cubic yards); and, Carolireagh, NortfCarolina (11.1 million cubic yards).

These projects' cumulative sand records are a result of periodic activity throughout their 20 or more
years of existence.
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Table 4-10 Quantities of Sand By Project(Continued on Next Page)
Initial Beach Periodic Total Sand
Project Name Year of Restoration Nourishment Placed
Construction Cubic Yards Cubic Yards Cubic Yards
(000s) (000s) (000s)
1. Prospect Beach, CT 1957 N/A N/A N/A
2. Seaside Park, CT 1958 N/A N/A N/A
3. Sherwood Island State Park, CT 1983 113 N/A 113
4.  Quincy Shore Beach, MA 1950 N/A N/A N/A
5. Revere Beach, MA 1992 670 0 67(
6. Winthrop Beach, MA 1956 N/A N/A N/A
7. Hampton Beach, NH 1966 169 N/A 169
8. Wallis Sands State Beach, NH 1966 N/A 0 0
9. Cliff Walk, RI 1983 0 0 0
10. Atlantic Coast of NYC, E. Rockaway Inlet to Rockayay 1975 6364 5330 11694
Inlet and Jamaica Bay, NY
11. Atlantic Coast of Long Is. Fire Is. Inlet & Shore Westerly 1974 4123 3309 7431
to Jones Inlet, NY
12. S. Shore of Long Is. Fire Is. to Montauk Point, Morighes 1965 1800 0 180
to Shinnecock Reach, NY
13. S. Shore of Long Is. Fire Is. tblontauk Point 1965 0 0 0
Southampton to Beach Hampton, NY
14. Raritan and Sandy Hook Bay, Madison and Matdwan 1965 N/A 0 0
Townships, NJ
15. Raritan Bay and Sandy Hook Bay, Keansburg and E. 1968 0 0 0
Keansburg, NJ
16. DE Coast Sand Bypass - Indian River 1986 0 240 24(
17. Cape May Inlet to Lower Township, NJ 1989 1365 710 207p
18. Great Egg Harbor Inlet and Peck Bch, NJ 1992 6070 0 6070
19. Atlantic Coast of MD-Ocean City, MD 1990 4941 184 512p
20. Virginia Beach, VA 1962 0 4472 4472
21. Wrightsville Beach, NC 1965 2993 5506 849p
22. Carolina Beach and Vicinity, NC 1965 3597 7510 11107
23. Fort Macon, NC 1961 93 0 93
24. Folly Beach, SC 1993 3100 0 310
25. Tybee Island, GA 1975 2267 130(4 3567
26. Pinellas Co.-Sand Key Segment, FL 1985 2707 0 2707
27. Broward Co.-Segment 2, FL 1970 1030 1750 278p
28. Broward Co. Segment 3, FL 1978 3070 17174 478p
29. Brevard Co.-Indialantic/Melbourne, FL 1981 540 0 54(
30. Brevard Co.-Cape Canaveral, FL 1975 1250 0 125
31. Fort Pierce Beach, FL 1971 718 426 1144
32. Duval Co., FL 1978 2486 2589 507p
33. Pinellas Co.-Long Key Segment, FL 1980 253 460 713
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Table 4-10 Quantities of Sand by Project{Continued)

Initial Beach Periodic Total Sand
Project Name Year of Restoration Nourishment Placed
Construction Cubic Yards Cubic Yards Cubic Yards
(000s) (000s) (000s)
34. Pinellas Co.-Treasure Is. Segment, FL 1969 600 868 1468
35. Virginia Key and Key Biscayne, FL 1969 350 100 450
36. Dade Co., FL 1975 14601 625 15226
37. Lee Co.-Captiva Island Segment, FL 1989 1418 0 1418
38. Palm Beach Co.-Boca Raton Segment, FL 1988 875 0 874
39. Palm Beach Co.-Delray Beach Segment, FL 1973 1340 2577 391)7
40. Palm Beach Co.-(5&)ake Worth Inlet to South 1958 0 0 0
Lake Worth Inlet, FL
41. Manatee Co., FL 1992 2200 0 2200
42. Harrison Co., MS 1952 5700 3350 9050
43. Grand Isle and Vicinity, LA 1985 2870 1276 4146
44. Corpus Christi Beach, TX 1978 742 167 909
45. Galveston Seawall, TX 1963 0 0 0
46. Presque Isle, PA 1956 4426 402§ 8454
47. Lakeview Park Cooperative , OH 1977 125 16 141
48. Hamlin Beach State Park, NY 1974 317 0 317
49. Point Place, OH 1983 0 0 0
50. Reno Beach, OH 1992 0 0 0
51. Maumee Bay State Park, OH 1991 143 0 143
52. Surfside/Sunset , CA 1964 14303 0 1430B
53. Oceanside, CA 1961 2400 547 294y
54. Channel Islands Harbor, CA 1959 6225 30071 36296
55. Coast of CA, Point Mugu to San Pedro, CA 1968 1405 0 1405
56. Ventura-Pierpont Area, CA 1962 883 0 881

F. PROJECT PERFORMANCE, SAND

1. Performance at the Program Level, Quantities of Sand

a. Introduction In addition tocostperformance, beadifl projects were also assessed in
terms of the actual quantity of sand placed. This yardstick was independent of price levels, inflation,
etc. The analysis was restricted to those projects having adequate detail on both the estimates and
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the actual quantity of sand used over time. Projects excluded were built primarily in the 1950s and
1960swere generally limited to ten years of Federal participation, and did not include a prediction
of future sand requirements as part of the design.

b. Initial Beach RestoratiomA detailed summary of the overall program's quantities of sand
for initial beachrestoration is shown belowThirty nine ofthe total 49nitial beachrestoration
projects hadufficientdata foranalysis. These 39 projects used a total of 94.5 million cubic yards
of sand compared to an estimated quantity of 93.7 million cubic yards. The actual amount exceeded
the estimate by one percenthis analysis iglependent on 80 percent of the projects' data on
actual/estimated quantities of sand. It is unclear how the remaining 20 percent of the projects would
affect the sand data results.

c. Exclusions from Initial BeacRestoration Thespecificprojectswhich wereexcluded
from the actual/estimated comparison are listed below, along with the reasons.

(2). Five New England Division projects (Prospect Beach, CT; Seaside Park, CT; Quincy
Shore Beach, MA; Winthrop Beach, MA; and, l§&ands State &ch, NH) werexcluded because
beach retoration was done bpcal sponsors and later reimbursedthg Corps ofEngineers.
Quantities of sand used were not available for these projects.

(2). South Shore of Longland, Fire Island tdontauk Point, Moriches to Shinnecock
Reach, NY. This project was excluded because the estimatesor a 15.5 mile reach, only a small
portion (about two miles) of which was actually constructed.

(3). Raritan and Sandy Hook Bay, NJ, Madison and Matawan Townships and Raritan and
Sandy Hook BayNJ, Keansburg anBastKeansburg projects. Quantities of sand usexitial
beach restoration were not available for these projects.

(4). The DE Coast SanBypass-Indian Riveproject was excluded because the plan
estimated the project would use sand, but no sand was used for initial beach restoration.

(5). Surfside/Sunset in California. Thgsoject was excluded because thiial beach
restoration figures only included partial figures. The construction of this project was done in stages
and there was no record of estimates for two of the stages.

d. Periodic NourishmentOf the 40 periodic nourishment projects only 33 had sufficient data
on both actual and estimated quantities of sand tndbeded in this performance analysis. These
33 projects' historicatecordindicates an actual placement #.5 million cubic yards of sand
compared to an estimated quantity of 64.7 million cubic yards. Considering the program as a whole,
the actual periodic nourishment sand exceeded the estimates by 12 percent. A summary is presented
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e. Exclusions from Periodic Nourishmenthe specific projects which were excluded form
the actual/estimated comparison are listed below, along with the reasons for their exclusion.

(1). Six ofthe periodicnourishment projectéProspect Beach, C'BeasiddPark, CT,
Sherwood Island, State Park; CT, Quincy Shore Beach, MA; Winthrop Beach, MA; and, Hampton
Beach, NH)were excluded because timormation on actual periodic nourishment, and in some
cases estimated periodic nourishment, was not available. Periodic nourishment for these projects was
the responsibility othe local sponsors, and the NEdffice does not havanyrecords mdicating
whether or not it was done.

(2). Atlantic Coast of Long Island, Fire Island Inlet & Shore Westerly to Jones Inlet, NY
was excluded because esttes were not available for this project. This project uses the amount of
sandthat isremoved from thaavigation channel and places it on #h®re to serve asfaeder
beach.

2. Performance at the Project Level, Quantities of Sdiadble 4-11 shows the differences between
actual and estimated quantities of sandidividual projects, expressed as a percentage of the
estimate. Positive numbers indicate cubic yardage overruns; negative numbers indicate cubic yardage
underruns. Foexample, a "10" in Table 4-11 means that actual cubic yardage of sand placed was
10 percent more than the amount estimated. A "-10" in Table 4-11 means that the actual amount of
sand placed was 10 percésds tharthe estimate. &ero inTable4-11 meanghat there was no
difference between the actual and the estimate; the actual volume of sand was equal to the estimated
volume of sand.

3. Statistical Analysis

a. Initial Beach Restoration There are 39 projects with percentagféerences between
actuals and estimates for quantities of sand used for initial beach restoration (listed in Table 4-12).
The values range from -73 to +85. The mean is 5 and the median is 1. The mean of 5 indicates that
the average project placed 5 percent rsaral than was estimated for initial beach restoration. The
median of 1 indicates that about half of the projects had sand overruns while the other half had sand
underruns. The fact that tineean is highethan themediansuggests that theand overruns are
slightly larger than the sand underruns, even though they are equal in number.
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Table 4-11 Difference Between Actual and Estimated Sand Volume
Expressed as a Percentage of the Estimateontinued on Next Page)

Initial Beach Periodic
Restoration Nourishment
Project Name Cubic Yards Cubic Yards
Percent Percent
1. Prospect Beach, CT
2. Seaside Park, CT
3. Sherwood Island State Park, CT -73
4. Quincy Shore Beach, MA
5. Revere Beach, MA -13 -100
6. Winthrop Beach, MA
7. Hampton Beach, NH -50
8. Wallis Sands State Beach, NH
9. CIiff walk, RI
10. Atlantic Coast of NYC, E. Rockaway Inlet to Rockaway Inlet and Jamaica Bay, NY -22 -1
11. Atlantic Coast of Long Is. Fire Is. Inlet & Shore Westerly to Jones Inlet, NY 51
12. S. Shore of Long Is. Fire Is. to Montauk Point Moriches to Shinnecock Reach, NY -100]
13 S. Shore of Long Is. Fire Is. to Montauk Point Southampton to Beach Hampton, NY
14. Raritan and Sandy Hook Bay, Madison and Matawan Townships, NJ -100]
15. Raritan Bay and Sandy Hook Bay, Keansburg and E. Keansburg, NJ -100]
16. DE Coast Sand Bypass - Indian River -66
17. Cape May Inlet to Lower Township, NJ -g -1
18. Great Egg Harbor Inlet and Peck Beach, NJ 47 -100]
19. Atlantic Coast of MD - Ocean City, MD b9
20. Virginia Beach, VA 139
21. Wrightsville Beach, NC 20 289
23. Fort Macon, NC -31 -10(4
22. Carolina Beach and Vicinity, NC 78 49
24. Folly Beach, SC 24
25. Tybee Island, GA 17 -18
26. Pinellas Co, Sand Key Segement, FL 1 -100
27. Broward Co, Segment 2, FL -33 -41
28. Broward Co, Hillsboro Inlet, Segment 3, FL 1 25
29. Brevard Co, Indialantic/Melbourne, FL 118 -100
30. Brevard Co, Cape Canaveral, FL 40
31. Fort Pierce Beach, FL -24 -64
32. Duval Co, FL -24 -38
33. Pinellas Co, Long Key Segment, FL 4 84
34. Pinellas Co, Treasure Is. Segment, FL 16 -13
35. Virginia Key and Key Biscayne, FL 1 -48
36. Dade Co, FL -5 -70
37. Lee Co, Captiva Island Segment, FL 36
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Table 4-11 Differences Between Actual and Estimated Sand Volume
Expressed as a Percentage of the Estimate (Continued)

Initial Beach Periodic
Project Name Restoration Nourishment
Cubic Yards Cubic Yards
Percent Percent
38. Palm Beach Co, Boca Raton Section, FL 38
39. Palm Beach Co, Delray Beach Segment, FL 0 298
40. Palm Beach Co, Lake Worth Inlet to South Lake Worth Inlet, FL
41. Manatee Co, FL
42. Harrison Co, MS 0
43. Grand Isle and Vicinity, LA 13 -16
44. Corpus Christi Beach, TX 3 -45
45. Galveston Seawall, TX
46. Presque Isle, PA 1 0
47. Lakeview Park Cooperative, OH 14 -80
48. Hamlin Beach State Park, NY 30 -10(4
49. Point Place, OH
50. Reno Beach, OH
51. Maumee Bay, OH -12 -10d
52. Surfside/Sunset, CA
53. Oceanside, CA 85
54. Channel Islands Harbor, CA 22 17
55. Coast of CA, Point Mugu to San Pedro, CA D
56. Ventura-Pierpont Area, CA 37

b. Periodic NourishmentThere are 31 projects with percentage differences between actuals
and estimates for thaubic yards of sand uséor periodic nourishment (see Talflel1). These
values range fromLl00 to +298. A "-100" iMable4-12 meanghat acertain amount of periodic
nourishment was planned, but no periodic nourishment was done. Projects which had "-100's" were
examinedmore closely, and it was discoverdtiat, in several caseshe absence of periodic
nourishment wasiot a trueindicator of project performance with respect to erosion rates.
Nourishment wasot carriedout asplannedfor several reasons. In some cases, the local sponsor
withdrew fromthe project agreement. In somezentlyconstructed projects, theehedule had
slipped so thahourishment wasgeally not due yet. Ironly two of the ten projects with "-100's"
(Hamlin Beach State Park, NY and Maumee Bay, OH) was the lack of nourishment an indicator of
less-than-expected erosion rates. Therefore, the remaining eight were eliminated from the statistical
analysis, so asot to inappropriately skew it downwards. Fort Pierce Beach, FL and Virginia Key
and Key Biscayng@rojects were alseliminated fromthe statisticalanalysisbecause their low
nourishment rates were naglated to low erosion rates. Statistics weakeulated for periodic
nourishment sand performance in 21 projects. The mean of this group was 15 and the median was
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-13. This means that the average project used 15 percent more sand for periodic nourishment than
expected. However, the median project (the one in the middle of the distribution) used 13 percent
less sand than estimated. Trheanwas pulled up by a few projectghich had very large sand
overruns. The standard deviation was quite large, at 107.

4. Performance by Project Size, Quantities of Sand

a. Comparison by Size

(1). Table 4-12 shows the differences between actual and estimated quantities of sand for
individual projects, expressed as a percentage of the estimate. Posithers indicateubic
yardage overruns, negatimembers indicate cubic yardage underruns, aner@ameanghat the
estimate of sand equaled the actual amount of sand placed. Table 4-12 also groups the projects into
three sizecategories based datal cumulativeproject costs in 199dollars: 1)small - progcts
costing less than $Xfillion; 2) medium - projects costing between $t@ $50 million; and, 3) large
- projects costing more than $50 million.

(2). Of the 56 projects examined in this study, 38 had sufficient data on quantities of sand
to be included in this performance analydtsojectswhich were excluded either had no estimates
for quantities of sand, wemmmpletelystructural and therefore did not involve sand, or were only
partly constructed.

(3). Table 4-12 reveals considerable variation in the percentage differences between actual
and estimated quantities of sand at the projeeel, but no overall biastowards either
underestimation or overestimation. In fact, the projects were akwenty splitbetween sand
overruns (18 projects) and sand underruns (17 projects). Three projects placed exactly as much sand
as had been estimated.

(4). Quantitative analysis of the percentage differences shows that small projects placed on
average 8 percent less sand than estimated, medium projects placed on average 34 percent more sand
than estimated, and large projects placed on average 4 percent less sand than estimated. All of the
large sand overruns involved medium-sized projects.

b. Comparison by Size antkar of Estimation The percentagéifferences between
actual and estimated quantities of sandpéwdedover time for small, medium, and large projects
in Figures 4-6, 4-7and4-8, respectively. Of speciaote isFigure4-7, which showssignificant
improvement in the estimates of quantities of sand over time for medium-sized projects. There were
several large samoverruns irmedium-sized progsbuilt in the 1960s andarly 1970s, but more
recent pr@cts have actual sand use much closer to the estimates. For small (Figure 4-6) and large
(Figure 4-8) projects, there is not much change in sand performance over time.
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Table 4-12 Percentage Differences Between Actual and Estimated Quantities of Sand by

Project Size

PROJECTS COSTING % PROJECTS COSTING % PROJECTS COSTING %
< $10 MILLION $10 - $50 MILLION > $50 MILLION
Seaside Park, CT N/A Harrison CO., Mississippi N/A Surfside/Sunset, CA N/A
Wallis Sands Beach, NH N/A S. Shore Long Is. Fire Is. to Montauld Pnt. N/A| Galveston Seawall, TX N/A
Moriches to Shinnecock Reach ,NY
Prospect Beach, CT N/A Point Place, OH N/A Raritan and Sandy Hook Bay, Keansburg,|NJ N/A
Sherwood Island State Park, CT N/A Oceanside, CA 127 Broward Co, Segment 3, FL
Winthrop Beach, MA N/A Cape May, NJ -4 Atlantic Coast MYC, E. Rockaway Inlet td -14
Rockaway Inlet and Jamaica Bay, NY
Cliff Walk, RI N/A Wrightsville Beach, NC 117 Duval CO, FL -32
Hampton Beach, NH N/A Pinellas Co, Treasure Is., FL -3 Presque Isle, PA 0
Quincy Shore Beach, MA N/A Tybee Is. GA Channel Islands Harbor, CA 18
Raritan and Sandy Hodkay, Madison and N/A Palm Beach Co, Delray Beach, FL 97 Dade Co., FL -13
Matawan Townships, NJ
Palm Beach Col,ake Worth Inlet to South N/A Lee Co., Captiva Island, FL 34 N 6
Lake Worth Inlet, FL
S. Shore of Long IsFire Is. toMontauk Pt. N/A Virginia Key and Key Biscayne, FL -17 MEAN -4.00
Southampton to Beach Hampton, NY
Reno Beach, OH N/A Virginia Beach, VA 139 STANDARD DEVIATION 14.43
Revere Beach, MA -21 Great Egg Harbor, NJ 17
Palm Beach Co., Boca Raton, FL 3B Grand Isle, LA 2
Brevard, Cape Canaveral, FL 4 Carolina Beach, NC 56
Maumee Bay, OH 21 Broward Co., Segment 2, FL -38
Hamlin Beach State Park, NY ] Ocean City, MD 4
Lakeview Park Coop, OH -26 Pinellas Co, Sand Key, FL -
Brevard Co, Indialantic/Melbourne, FL -56 Atlantic @ast of Long Is. Fire Is. Inlet apd -11
Shore Westerly to Jones Inlet, NY
Pinellas Co, Long Key, FL 45 N 16
Ventura Pierpont, CA 37| MEAN 34.13
Delaware Coast Sand Bypass, DE -69 STANDARD DEVIATION 54.63
Fort Macon, NC -67
Fort Pierce Beach, FL -46
Coast of CA, Point Mugu to San Pedro o
Manatee CO, FL 0
Corpus Christi, TX -11
Folly Beach, SC 24
N 16
MEAN -8.25
STANDARD DEVIATION 37.17
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Figure 4-6 Small Projects - Sand Quantities: Differences Between Actual and Estimated,
Expressed as a Percentage of the Estimate
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Figure 4-7 Medium Projects - Sand Quantities: Differences Between Actual and
Estimated, Expressed as a Percentage of the Estimate
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Figure 4-8 Large Projects - Quantities of Sand: Differences Between Actual and
Estimated, Expressed as a Percentage of the Estimate
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5. Navigation Disposal Materialn some cases, material dredged from navigation channels has been
placed on beach nourishment projects. If this is the leasthspstsal alternative, the cost is attributed

to the navigation project. Therefore, the cost to the beach nourishment project may be zero. This was
the case in Cape Canaveral (Canaveral Harbor), Fort Pierce Beach, Ri€FaetHarbor), and Duval

Co., FL (St. Johns River). Ifit is not the least-cost disposal alternative, it may still be more economical
than obtaining beach nourishmeand from elsewhere, and it may still be done. In these cases, costs
are shared between timavigationproject, thebeach nourishmergroject, and the non-Federal
sponsors. According to the survey done for this study, seven of the 56 large projects received some
navigation disposal sand. The quantities of sand and costs to the beach nourishment project are listed
in Table 4-13 for each of these projeciBhis material is typically a finer-grained material than would

be obtained from an offshob®rrow sourceand is therefor@ot reflective of either a background
erosion rate or a loss rate for the artificially-nourished project beach.

G. FUTURE COSTS OF THE SHORE PROTECTION PROGRAM

1. Costs of Already Constructed Projedigure 4-9 shows the future yearly expenditures of the 210
miles of already-constructed Federal shore protection projects (averageéivevgear periods),
assuming that all planned and currently authorized nourishments are carried out, but that no projects
are extended beyond their currently authorized period. As expected ydaleexpenditures
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gradually decline over the next 50 years as project authorizations expire. Total Federal expenditures
over this futuretime period, in 1993 dollars, are estimated to be $5@4lBn. The expected
distribution of Federal funds amotige types othoreline measures is shown in Tablg#4. These
projections assumihat there will be nadditional Congressional authorizations to extend Federal
involvement in these projects.

Table 4-13 Navigation Disposal Material Placed on Beach Nourishment Projects

Project

Navigation Disposal Material- thousands
of cubic yards

Cost of Navigation Disposal Material
Placed (in thousands of 1993 dollars)

Virginia Beach, VA

1190

8870

Wrightsville Beach, NC

N/A

6486

Carolina Beach, NC

61

66

Brevard Co, FL - Cape Canaveral

1517

15,919

Fort Pierce Beach, FL

164

0

Duval Co, FL

1383

0

Dade Co., FL

5508

6940

Figure 4-9 Expected, Future Annual Expenditures of Already-ConstructedProjects
(Assuming no Extensions) in 1993 Dollars, Averaged Over Five Year Periods

NN W
e o @

=
Q

Dollars (millions)
|_\
(&)

al

2000

2005

2010

2015
Years

2020

2025

2030

2035

2040

2045

Federal Costs

Total Costs

IV-41



Shoreline Protection and
Beach Erosion Control Study

Analysis of
Shore Protection Costs

Table 4-14 - Future Federal Expenditures Associated with Already-Constructed Projects

Type of Measure Remaining Federal Expenditures ($ million 1993)

Initial Restoration 12.3
Periodic Nourishment 477.4
Sand Bypassing Systems 15.6
Total 505.3

2. Possiblduture Costs oPlanned ProjectsThe data from the Districtevealedhat there are
presently 26 projects, covering 15@niles, that are far enouglfiong in the planning process to have

cost estimates. The total costs over the nexegls for these 26 projects is estimated to be
$2,055.3million in 1993 dollars. Federal costs for these projects ajegbeal to be $1,259.2 million.

Table 4-15 divides these projects by construction status and then lists the Federal cost and total cost.
The four largest projects account falf of the total cost: thétlantic Coast of NewJersey at
Seabright - $424.million; Atlantic Coast of New Jersey at Asbury Park - $263.5 million; Panama
City Beaches, Florida - $218.2 million; and, Myrtle Beach, South Carolina - $134.3 million.

Table 4-15 Estimated Costs of Planned Projects Based on 1993 Conditions

Status Number of Estimated Federal | Estimated Total Cost
Projects Cost ($ million 1993)
($ million 1993)
Under Construction 1 9.9 15.2
Authorized/Waiting 10 491.3 879.1
Initiation of Construction
Preconstruction 15 758.0 1161.0
Engineering and Design
Total 26 1259.2 2055.3

3. Future Cosits if the Existing 56 Projects are Extended Until the Year 2050 and if all 26 Planned

Projects are Constructedrigure 4-10 shows the projected yearly expenditures (calculated as five-
year averages) of both existing and planned shore protection projects in 1993 dollars. This scenario
assumes that all existing projects will continue to be nourished aridimath and that all 26 planned
projectswill be constructed and nourishadtil 2050. Under these assumptions, yearly
expenditures of existing projects remains fairly steady at $30 million. After a surge of initial beach
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construction, theearly expenditure of planned prajes remains inthe $25 to $30nillion dollar

range. Totalearlyshore protection program expenditures are projected to be in the $55 to $60
million range. The Federal share of these expenditures is expected to be approximately 65 percent,
based on current cost sharing policies.

Figure 4-10 Projected Yearly Expenditure of Existing and Planned Projects,
Calculated as Five Year Averages (1993 Dollars)

B Expenditures of already-constructed projects
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H. SUMMARY

1. Total Sand The Federal government, through the Corps, has sponsored a total of 82 specifically
authorized shore protection projesiscel950. Of these projects, 56 were of large enough scale

to be considered in a detailed assessment. A total of 110.6 million cubic yards of sand were placed
for initial beachrestoration, and 79 rillion cubic yarddor periodic nourishment, yielding a total
qguantity of sand placed of 189.7 million cubic yards.

2. Total Expenditures and Future Costs for Existing Projélatéal expenditures to date on these
projects have been $670.2 million, with a Federal share of $403.2 million. If these expenditures are
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adjusted to 1993 dollars, the figures become $1,489.5 million total with the Federal contribution at
$881milion. Expected Federal expenditures assediavith the 56 already-constructed projects are
$505.3million in 1993 dollars, and thesedlMae spread over approximatelye next 50 years and until

their individual project authorization expires. If it is assumed that all authorizations are extended until
the year 2050, the future Federal expenditure would be $883.5 million.

3. Future Expenditures félanned ProjectsTotal expenditures over a 50 year period for the 26
projects which are currently under construction, authorized/awaiting initiation of construction, or in
the preconstruction engineering design (PED) stage are estimated at $2,055.3 million in 1993 dollars.
The Federal share of this is expected to be $1,259.2 million.

4. Project Performance

a. General Project performance was measured in terms of cost and, for beach nourishment
projects, in terms of quantities of sand as well. Comparisons between actual and estimated costs and
guantities wereanade forthe program as a whole a®ll asfor individual projects. Differences
between actual and estimaisubts (andjuantities of sand) were expressed as a percentage of the
estimate.

b. Program LevelWhen summed across the Federal Shore Protection Program, actual costs
were four percent less than estimated costs. Quantities of sand, when viewed at the program level,
were five percent more than estimated.

c. Project evel. There wagonsiderably more variation between actuals and estimates at
the individual projectlevel, but the datarevealed no biasoward éher underestimation or
overestimation of either costs or quantities of sand. Nearly equal numbers of projects had cost and
sand overruns as had cost and sand underruns.

d. Project Size Project performance was better for large projects (projects with costs greater
than $50million) than forsmallandmediumprojects. Performance was atgenerally fetter for
more recent projects than for those designed and constructed 20 or more years ago.

l. ADDENDUM

1. Introduction As explained earlier, thieport isbased ordata current as of July 1993. In late
1995, certain of the data were updatecettect costs and conditions as of October 1995. This data
is as follows:
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a. total actual expenditures for the 82 projects based on 1993 conditions;

O

. total expenditures updated to 1995 prices based on 1993 conditions;
c. estimated costs of planned projects based on 1995 conditions; and

d. list of Congressionally authorized projects and studies based on 1995 conditions.

2. Total Actual ExpendituresAs developed in paragraph B1 of tkisapter, the total actual
expenditures for the 56 large projects from 1950 to 1993 was $6illad. In addition, the 26

small specificallyauthorized projects were shown t¢ost $4.6million (see Table2-14). This
combinedactualcostfor the 82 projects from 1950 to 1993 is $674.8 million. To arrive at a price

for these 82 projects through 1995, it véesumed an averagearly cost of $27million in the
currenttime frame for the remaining expenditures associated with the already constructed projects
(see Figure 4-9). This calculation asssumes that all planned and currently authorized nourishments
are carried out, but that no projects are extended beyond their currently authorized period. Since the
$27 million was an estimated cost based 683 dollars, an inflation factor of three percent per year

was assumed for both 1994 and 1995. This resultsatabactual cost for the 82 projects (assuming

no extensions of authorization) of $731.2 million. This updating is displayed in Table 4-16.

Table 4-16 Total Actual Expenditures for 82 Projects
1950-1995 Based on 1993 Conditions and Assuming No Extensions

ltem 1950-1993 A 94 [1] A 95[1] Total 1995
$ million $ million $ million $ million
82 large constructed 674.8 27.8 28.6 731.2
projects

Footnote: [1] Assumes a yearly cost of $2ilan in 1993 dollars and an inflation factor of 3 % per year for 1994 and 1995.

3. Total Expenditures Updated to 1995s developed in paragraph C3 of this chapter, the adjusted
cost for the shore protection to 1995 costiligl89.5 million of the 56 large projects. Assuming an
inflation factor of three percent pgear for 1994 and995,this costbecomes $1,580.2 million in

1995 dollars. Similarly, the 26small specificallyauthorized projectsost $17.amillion in 1995

dollars (see Table 2-14) and assuming an inflation factor of three percent per year for 1994 and 1995,
this costbecome$18.7million in 1995dollars. Yearly expenditures of these already constructed
projects (assuming full authorization) was projected to be approximately $30 million (see Figure 4-
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10). Similarly, at the time dhe report survey in July 1993, there were 26 projects in the advanced
planning and desigstage (sedable 4-15). As shown irFigure 4-10, the projectegearly
expenditures for these projects in the curtene frame, and assumirfgll authorization, was
projected to be approximately $60 million. An inflation factor of three percent was applied to these
values to arrive at total 1995 cost for the 82 existing praggedshe 26 planned projects of $1,787.1
million in 1995 dollars. These costs are summarized in Table 4-17.

Table 4-17 Total Expenditures for 82 Projects and 26 Planned Projects
Adjusted to 1995 Prices, Based on 1993 Conditions and Full Authorization

Item Miles of 1950-93 93 A 94 [1] A 95 [1] Total 1995
Shoreline | $ million | $ million | $ milion | $ million $ million
56 large constructed projects 210 670.2 1489.5 44.9 46. 1580)2
26 small constructed projectq 16 4.6 17.6 0.5 0.6 18.
Sub total 82 constructed 226 674.8 15071 45|2 44.6 159B.9
projects
Future costs of the 82 @ 0 0 0 30.9 31.8 62.7
$30M/yr in $1993 [2]
26 planned projects @ 151 0 0 61.8 63.7 1251
$60M/yr in $1993
Total 377 674.8 1507.1 137.4 142.1 17871
Footnotes:

[1] Assumes a 3 percent inflation factor per year for 1994 and 1995.

[2] Because of the limited data available and the small size of the projects, for the purposes of this study, it was assumed
that there were no future costs associated with the 26 small scope specifically authorized projects. Based on project costs,
this would impact the future costs by only about 1percent.

4. Estimated Costs of Planned Projects Based on 1995 Condifisrshown in Table 4-15, at the

time ofthe 1993 survey for the report, there were 26 projects in the advanced planning and design
stage with an estimated Fedearabt of $1,259.2nillion and atotal cost of $2,055.&illion. The

1995 updating produced a dramatic change, primarily in the category of "Under Construction.” In
this category, the number of projects increased from 1 to 12 and the total cost increased from $15.2
million to 1,695.0million. Those projects in the "Authorized/Awaiting Initiation of Construction”
stage reduced from 10 to 6 with an accompaning decreasstgof about $75Million and the

projects in the "Preconstruction Engineering and Design" stage decreased by two, but resulted in a
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cost increase adbout $330million. The totalplannedprojects nownumber 31 with a estimated
Federal cost of $2,195.5 million and a total cost of $3,316.1 million. These costs are summarized
in Table 4-18.

Table 4-18 Estimated Costs of Planned Projects
Based on 1995 Conditions
(1995 Dollars)

Status Number of Estimated Federal Estimated Total
Projects Cost Cost

($ millions) ($millions)
Under Construction 12 1,168.8 1,695.0
Authorized/Awaiting
Initiation of 6 65.1 131.6
Construction
Preconstruction 13 961.6 1,489.5
Engineering &
Design
Total 31 2,195.5 3,316.1

For each ofthe three categories of "Under Construction”, Authorized/Awaiting Imitation of
Construction” and "Preconstruction Engineering and Design", costs are show, respectively, in Tables
4-19, -20, and -21, by project, district and construction measure.

5. List of Congressionally Authorized Projects and Studies Based on 1995 Conditidhse time

of the initial survey for thisreport(July 1993) there were a total of 149 projeatsl studies (see
Table 2-3). This list is provided in Appendix D "Congressionally Authorized Projects and Studies -
1993." As aesult of the 1995 updatthis list has been modified andpsovided as Appendix D
Modified "Congressionally Authorized Projects and Studies - 199B€'re is currently a total of 159
projects and studies on this list as summarized in Table 4-22.
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Table 4-19 Projects Under Construction

Based on 1995 Conditions

(2995 Dollars)

Initial Periodic Structures Total Federal
Corps Project Construction Nourishment Share
Office ($000) ($000) ($000) ($000) dfotal
(%)
NED Roughans Point, Revere, MA [1] D 12,200 12,200 65
NAN Fire Island Inlet to Montack Point 33,400 101,600 0 135,00 70
Long Island, NY (Westhampton
Beach)
NAN Atlantic Coast of New York City from 9,500 7,650 0 17,150 65
Rockaway Inlet to Norton Point
(Coney Island Area), NY
NAN Atlantic Coast of New Jersey, Sandy 189,500 327,000 0 516,500 65
Hook to Barnegat Inlet, (Reach 1 Seg
Bright to Ocean Township), NJ
NAO Virginia Beach, VA - [2] 57,065 277,835 45,10¢ 380,000 65
SAW South of Carolina Beach, Kure BeacH, 19,400 96,900 0 116,30 65
NC
SAW Fort Fisher & Vicinity, NC 0 0 1,800 1,800 50
SAC Myrtle Beach, SC 54,135 162,072 0 216,207 65
SAJ Martin County, FL 11,418 44,482 0 55,90( 47
SAJ Sarasota County, FL - Venice Segmgnt 19,084 21,472 0 40,554 73
NCC Casino Beach, IL 0 0 7,420 7,420 49
NCC Indiana Shoreline Erosion, IN [3] 21,800 174,200 0 196,00 100
TOTAL 415,302 1,213,211 66,52 1,695,033 [4]
Footnotes:

[1] FY 96 Congressional add for a nstart. Project authorized #isod control (WRDA '86), cost shared as shoreline
protection.

[2] FY 96 Congressional add for a new start.
[3] FY 96 Congressional add for a netart. Thel00%Federal cost is based on this project being a Federal park. The
distribution between initial construction and periodic nourishment iDgippate, based on a 1986 total project cost estimate

of $67,536,000.

[4] The total Federal cost is $1,168,848,000 and the average Federal share is 69%.
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Table 4-20
Projects Authorized/Awaiting Initiation of Construction
Based on 1995 Conditions
(21995 Dollars)

Initial Periodic Structures Total Federal
Corps Project Construction Nourishmen Sharg|
Office ($000) ($000) ($000) ($000) dfotal
(%)
SAJ Broward County and Hillsboro Inlet, FL 9,461 2,086 0 11,547 58
- Segment |, North County Line to
Hillsboro Inlet
SAJ Pinellas County, FL - Clearwater Beac 3,245 20,455 0 23,704 61
Island Segment
SAJ Palm Beach County, FL (62) - South 5,315 1,868 1,576 8,754 63
Lake Worth Inlet to Boca Raton Inlet
(except Boca Raton, Jupiter/Carlin, an
Delray Beach)
SAJ Charlotte County, FL 7,919 51,231 0 59,15( 51
SAJ Indian River County, FL - Sebastian 18,238 0 18,238 37
Segment
SAJ Sarasota County, FL - Longboat Key 5,146 5,109 0 10,255 15
Segment
TOTAL 31,086 98,987 1,576 131,649 [1]
Footnote:

[1] The total Federal cost is $65,126,000 and the average Federal share is 49%.
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Table 4-21
Projects in Preconstruction, Engineering and Design
Based on 1995 Conditions
(21995 Dollars)

Initial Periodic Structures Total Federal
Corps Project Construction Nourishment Sharg
Office ($000) ($000) ($000) ($000) dfotal
(%)
NAN Atlantic Coast of New Jersey, 49,000 233,500 0 282,50 65
Sandy Hook to Barnegat Inlet,
Reach 2 (Asbury Park to
Manasquan), NJ
NAN Atlantic Coast of Long Island, 72,000 126,700 0 198,70 65
Jones Inlet to East Rockaway
Inlet, Long Beach Island, NY
NAO Sandbridge, VA 13,870 302,800 0 316,67 65
SAW Brunswick County Beaches, 8,234 40,069 0 48,303 65
Ocean Isle, NC
SAJ Monroe County, FL 6,644 3,056 0 9,700 50
SAJ Nassau County, FL 15,200 0 0 15,200 80
SAJ St. Johns County, FL 16,769 175,631 0 192,40 84
SAJ Indian River County, FL - Vero 13,034 77,233 0 90,267 57
Beach Segment
SAJ Lee County, FL - Estero Island 3,869 7,631 0 11,500 13
Segment
SAJ Lee County, FL - Gasparilla 9,321 4,079 0 13,400 34
Island Segment
SAM Panama City Beaches, FL 37,000 67,000 0 104,00 60
NCC Chicago Shoreline, IL 0 2,200 201,800 204,00( 54
NPA Dillingham Snag Point, AK [1] 0 0 2,906 2,906 100
TOTAL 244,941 1,039,899 204,70 1,489,546 [2]

Footnotes:

[1] Congressional Add in F95. Authorized in Sectiol16 of PL 99-190 to be 1Qfkercent Federal, to correct severe
shoreline erosion problems adjacent to the City of Dillingham AK.

[2] Total Federal cost is $961,608,000 and the average Federal share is 65%.
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Table 4-22
Program Status 1995
Shore Protection Project Status | Number of Projects/Studies
Large Constructed Projects 57
Small Specifically Authorized Projects 26
Subtotal Constructed 83

Under Construction 12
Authorized\Awaiting Imitation of Construction 6
Preconstruction Engineering and Design 13
Subtotal Authorized/PED but Unconstructed Projects 31
Feasibility Phase (Gl Study) 14
Reconnaissance Phase (Gl Study) 16

Subtotal General Investigation Studies 30

TOTAL PROJECTS AND STUDIES 144
Inactive Studies 2
Deauthorized Projects 10
Authorized but Unfunded Studies 3

Subtotal in Active and Deauthorized 15
TOTAL AUTHORIZED AND DEAUTHORIZED 159
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CHAPTER 5 - BENEFITS OF SHORE PROTECTION PROJECTS

A. INTRODUCTION

1. Theory The actual benefits of shore protection projects are much more difficult to measure than
the actual costs. The basic approach is to develop two scenarios for the proposed project area: 1)
with the project, and 2) without the project. Tdi#erence betweethesetwo situations is the

impact ofthe project, the net project benefits. Neither situation can be measured directly, because
at the time of project evaluation both are in the future. Therefore, projections into the future are an
integral part of the development and measurement of the benefits of shore protection projects.

2. Types of Benefits According to the most recent National Economic Developr{i¢ED)
Procedures Manual on Coastal Storm Damage and Erostfon [1] , the major categories of benefits for
shore protection projects are hurricane and storm damage reduction, enagiction, and
recreation. Since a project may protect against both storm damage from flooding and wave attack
as well as erosion, it is necessary to be able to evaluate the benefits of each type of protection, and
to avoid double counting of benefittherbenefitcategoriesnclude reducedmaintenance of

existing coastal protection structures, and enhancement of property values.

3. Projectrormulation Alternative plans are formulated in a systematic manner to ensure that all
reasonable alternative solutions are evaluated. Usually, a number of alternative plans are identified
early in the planning process and are refined in subsequent iterations. However, additional alternative
plans may be introduced at any time. The Water Resources Development Act of 1986 (WRDA ‘86)
specified that shore protection projectast be formulated for one purpose, to providestorm

damage reduction. Any enhancement of recreation that may also result is considered incidental. Such
recreation benefits are NED benefits, however, and are included in the economic analysis. Additional
beach fill, beyondthat needed to achievine storm damage reductigurpose, to bettesatisfy
recreation demand would be a separable recreation feature which is not an Administration budgetary
priority. See Chapter 3 paragraph D for furtdecussion othe Corpsplanningprocess and a
definition of "NED".

1 Numbers in brackets “[ 1" refer to reference numbers. References for Chapter 5 are at the end of the chapter.
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B. TYPES OF BENEFITS

1. _Storm Damage Reduction Benefits

a. Upland Development

(1). WaveDamage ReductioBenefits In many areas, the most significant damages are
caused by wave actionThis category of damage can also édremely difficult toaccurately
estimate, particularly when damages are calculated on a structure-by-structure basis. Alternatively,
an analyst familiar withhe areamay develop a matrix showinthe percentage of thealue of a
particular structure type damaged by waves of a given magnitude.

(2). Inundation Reduction Benefiténother significant benefit category is reduction of the
inundation damages from coastal flooding. Inundation reduction benefits include the decrease of both
physicaland non-physicatosts. These benefits include the saving of structures and contents from
flood and salt water damage, and the alleviation of clean-up costs, flood fighting expenses, evacuation
costs, emergency aid, and traffic rerouting.

(3). Erosion Reduction BenefitStructures are often more severely damaged by erosion
of the land under them in coastal storms than from flooding. In some casesarhdgptally
destroyed. In other cases, where structures are elevated above flood levels, erosion can render them
inaccessible and uninhabitable.

b. Loss of Land The area of land that would be lost in the absence of the project over the
period of evaluation may be estimated based on the historical rate of shore erosion in cases of long-
term erosion. In instances of erosion due to coastal stthmgrea that would be lostay be
estimated with coastal erosion models that predict rates of erosion for storms of various frequencies.

2. Recreation Prior to the enactment dYRDA ‘86, projects were formulated fdwurricane
protection,beach erosiowontrol, and recreationFor many projects, most of thbenefitswere
associated with recreation. During the mid 80s, Army budgetary policy placed a lower priority on
projects considereprimarily recreation. This policyresulted in ahift to formulating prigcts for
damage preventiomather than for recreatiorn-ollowing enactment of WRDAB6, Corpspolicy
required that shore protection projects be formulated first for hurricane and storm damage reduction
(HSDR). Additional beachlfbeyond that required for the project formulated for HSDR, to satisfy
recreation demand, is a separable recreation feiduatrés not supported fdtederal participation
under current budgetapplicy. This policy is intended tfocus Federal funds ahe objective of
reducing damages tooastalfacilities. Recreation carstill be used topartially justify projects.
However, the extent to which recreation benefits can provide for economic justification is limited by
current budgetary policy to 50 percent of benefits needed for project justification.
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3. Other

a. Reduced Maintenance of Existing Structur8guctures in the immediate vicinity of the
shore may require more frequent maintenance becauseiwfitgéncidents of erosion. Benefits can
be claimed to the extent that a project would reduce the extra maintenance. Reductions in the amount
of beach nourishment required can also be claimed in this category.

b. Enhancement of Property Valudsocation and intensification benefits attributable to an
erosion control project result from increased uskrad through eitheintensified activities or by
changing to an economically higher-valugelelopment than wouldccur in theabsence of the
project. Suclbenefits result because tbie higher utilization made feasible by increased safety of
investments in improvements. Land enhancement benefits are over and above benefits received from
damage reduction.These benefits applgnly to land valuesand not to thevalue of future
improvements.

c. Navigation, Recreational Boating, and Area Redevelopnfefew older projects cited
navigation and recreational boating benefits in tipegject evaluations. Reduced siltation of
navigation and recreational boatirfgcilities lowered navigationproject costs byreducing
maintenance in theavigation channels, dse channelsvere used as borrow areas for the shore
protection projects. Area redevelopment benefits were also claimed for a few projects.

C. BENEFIT ESTIMATION PROCEDURE

1. Storm Damage Reductiofhe National Economic Development (NED) Procedures Manual
for Coastal Stornrbamage and Erosidii] recommends an eleven-stgmcedure foestimating
storm damage reduction benefits. The steps are discussed below.

a. Step One, Delineate the Study Arddne study area is that area which is immediately or
indirectly affected byhe perceived problem, and thusdny resultingoroject. Geographically, it
includes the storm inundation area and the area that will be affected by erosion, including downdrift,
over the project evaluation period. It also includes an area sufficiently inland to describe the impacts
of the storm erosion events and any protective measures.

b. Step Two, Define the Problerihe existing without-project condition must be properly
identified since it is the basis for comparison with conditions projected with all alternative plans. The
description of the existing conditions should include a history of the economic and social effects of
storm damage and erosion problemthm area. Dates, stonmtensities, wave heights, shoreline
erosion, sediment movements, and peak stages of major storm events should be gathered. Existing
and anticipated without-projeatan-made alterations the shore should be taken into account,
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especially the degree of protection which existing facilities can be expected to provide.

c. Step Three, SeleBdanning Shoreline ReacheReaches are sections of shoreline with
similar geomorphic conditions, and are tpamary geographic unit foplanning. Plans are
formulated with components that may cover a series of reatheshydraulic and hydrologic effects
and subsequent benefits of a project are calculated for each reach.

d. Step FourEstablish Frequency Relationships frequency ighe number of times a
specified phenomenarccurs in given interval. For examplethe wateldevel may reach a height
of 10 feet at a patrticular site 10 times in 100 years; or 20 feet or more of a beach is lost to a single
storm once every 10 years. These frequencies can also be expressed as an exceedance probability of
0.1, or an event with a 10 percent chancéehg exceeded iany particular year. Elevation-
frequency relationships delineate the relationship between wave and water levels and the frequency
of occurrencewhile erosion-frequency relationships delinette relationship between periodic
erosion (or accretion) and frequency of occurrence.

e. Step Five, Outline Area Affected his is the part of the study area most directly affected
by storm damage or long-term erosion. The geographic area would be bounded by the shoreline and
the immediately adrent inland areas gabt to damage. Upcoast and downcoast boundaries would
be limited by natural featurssich as headlands or inlets in most cases. The primary purpose of this
step is to allow an accuraiteventory of existing conditions, and tdentify areaswhich may be
protected by erosion/storm damage prevention measures.

f. Step Six, Inventory Existing ConditionsThis inventory should include a survey of
affected area properties, including land, to assist in predicting potential damage. Types of information
needed to evaluate properties in the affected area include susceptibility classification (including such
factors as distance frothe water, theexistence of natural barriers, and constructimaterials),
value,use, ground floor areaumber ofstories, and elevationThis information is themised as a
basic step in the computation of storm and/or erosion damages and damage reduction benefits.

g. Step Seven, Determining Most Likely With- and Without-Project Conditions

(1). The purpose of forecasting conditions expecteskist with and without each plan
under consideration is to isolate the changes that are expected to occur as a result of implementation
of the plan from those that would occur if the plan were not implemented. Without-plan conditions,
therefore, are the conditions expectedptevail if no Federal action igken,while with-plan
conditions are those expected to prevail with implementation of a plan. The level of detail required
in collectingdataand forecasting future conditions depends on factors such as type of study (e.g.,
reconnaissance or feasibility), available tiamed money, sensitivity gbroject formulation and
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justification to changes in storm damage prevention benefits, and interests and concerns of the local
sponsor, if applicable.

(2). Development of forecasts of future conditions requires consideratibonadn
responses to long-term erosion and coastal storm damage. As long-term erosion occurs, individuals
and communities will respond by taking action to protect, relocate, or abandon existing properties.
Action may also be taken to limit future development. Individaradscommunities may also respond
to storm damage to property in a variety of ways, including relocation, abandonment, and repair or
reconstruction. The economist must determine the most likely course of action which would be taken
in the absence of a Corps shore protection project.

h. Step Eight, Develop Damadrelationships This step consists of the process of
developing and selectirgppropriate damage functions to méet requirements of a particular
situation. Damage relationships describe the expected value of structural or content damages caused
by various factorssuch as depth of flooding, duration of floodisgdiment load, wave heights,
amount of shoreline recession, and warning time. In some cases it is necessanputesite-
specificfunctions and imthercases generalized damage relationships may be used. The objective
of this step is to determine how much damage occurs with various types of events. Basic estimates
of losses for buildings, roads, protective works, and other development features should be prepared
at current price levels for the existing state of development of the problem area.

i. Step Nine, Calculate Damage-Frequency Relationships

(2). The damage-frequency relationship relates damage associated with a given event to the
frequency of that event. Two alternative methodologies may be used for this step depending on the
type and complexity of the erosion or storm damage situation.

(2). The traditional approactelies onthe damage-frequency and erosion-frequency
relationships to quantify probable damages and benefits in a given year. Damages are based on the
probability of occurrence @ach damagingvent using the hydrologic and economic conditions that
prevailed athattime. For examplethe probable damages associated with a 100-year event and a
10-year evenare,respectively0.01 and).1timesthe damages estimated for each of these events
in that year. The summation alf probable damages, over the range of evelefiesexpected
damages for that year.

(3). Monte Carlo, osimilar simulation models, are usually computer-based mathematical
replications othe way the real world reacts toseries of unrelated random events and situations.
Unlike the standardanalytical methodologywhich develops damages and benefits based on
probabilisticaveragessimulation techniguesse the randomness associated withvérables (in
this case, erosion rates or severity and duration of storms, for example) to generate a number of life
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cycles (called games in simulation terminology)se of the Monte Carlo methddhsnot been
widespread in shore protection studies.

]. Step Ten, Compute Expected Average Annual Damafjke expected annual damage
is the expected value of erosion losses and storm damages in any given year. Calculation of expected
annual damagetoes notmeanthatthis amount of damageillvoccur in any particular year, but it
is rather the actuarial value of the damage risk. Over a long period of time, the average amount of
damage will tend to approach that value. Expected annual damages are the most tangible measure
of the severity of the existing erosion and/or storm damage problem. Erosion damage is separated
from inundation damage in order to avoid double counting benefits.

k. Step Eleven, Estimate Total Storm Damage Reduction and Erosion Prevention Benefits
The storm damage reduction and/or long term erosion reduction benefit calculation is the difference
between expected annual damages determined in Steps One through Ten under the without-project
conditions and the expected annual damages estimated in Steps Seven through Ten under the with-
project conditions. All benefit estimates should be made for existing conditions (those existing at the
time of the study), the baseear (the first year in whichthe project is expected to become
operational), and future conditions over the periodrdlysis. Thigeriod,usually 50years, is
defined as the time horizon, beginning with the base year, for which project benefits and operation,
maintenance, and replacement costeansidered. Discounting procedures are then used to derive
estimates of averagenual equivalent benefits. Although Corps districofficesare required to
evaluate project storm damage reductenefits with this basiprocedure, there is latitude for
individual districts to develop techniques that are particularly suited to their areas.

2. Recreation

a. Recreation benefits are those benefits derived from the availability of beach recreational
area and the demand for use of that area by residents and tourists. ER 1105-2-100, Section VIII [2]
provides specific detailed procedures for evaluation of recreation benefits. According to the guidance,
an acceptable recreation evaluation has the following characteristics:

(1). The evaluation is based onanpiricalestimate of demand appliedttee particular
project;

(2). Estimates of demand refletihe socioeconomic characteristics of market area
populations, recreation resources under study, and alternative existing recreation opportunities;

(3). The evaluation accounts for the value of losses or gainstogsites in the study area
affected by the project; and
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(4). Willingness to pay isvaluated by(1) travel cost method, (2ontingent valuation
method, or (3) unit day value method.

b. The first step in the recreation evaluation procedure is to define the study area. Typically,
feasibility studies and projects are authorized by countgn Evhen studies are for site specific areas,
statistics for recreation demand are usually available on a county-wide basis.

c. The second step is to forecast theepbal recreation use in the study area. Potential use
is the expectedisitation at prevailing prices unconstrained by suppgiprecasting existing and
potential future participation in recreation activities for the study area involves (1) collection of any
available recreation demand data, (2) relating or testing the data with actual usage, and (3) forecasting
this demand over the economic period of analysis.

d. Some stateperiodically produce a report on thecreational needs of the state’s
residents and tourists, “State Comprehensive Outdoor Recreation Planning” (SCORP). SCORP data
is comprised of information concerniogtdoorrecreation activities obtained from questionnaires
and information selected from tourists to the state and state residents. Utilizing this data, the annual
beach activity demand can be determined.

e. Assuming the earlier participation rates provided by the state hold true for future years,
and using population projections from the nearest source, usually state statistical abstracts, the future
recreation demand in the county can be determined.

f. Once the annual saltwater beadatreation demand for a study area has been determined
for the economianalysisperiod, annual participatiorpatternswithin a given year need to be
calculated. By examination pfots ofdaily beach attendance, it is obvious for areas such as south
Florida and California that beach attendance occurs year round. Iotmeisparts of the U.S., beach
attendance follows a more distinct pattern of winter/summer weather-influenced attendance. These
patterns must be taken into consideration in estimating annual recreational demand.

g. The next step in the process is&timate/inventory thavailablerecreation resource
capacity within the study area. The demand that is developed is for saltwater beach usage, therefore,
all beaches available for saltwater beach use are inventoried and tabulated. This usually involves an
inventory of all access points, parks and public shorefront, and the associated parking. The existing
beach capacity at each location is also determRedkeation sitethat are under development or
likely to be developed are included.

h. Beach capacity in terms of people is calculated by dividing the available public beach area
by 100 square feet, the area requireaiy beach visitor, and multiplying by 2, the daily turnover
rate for beach visitors. This conversion is easily verified byting the number of beach users within
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a specified area of beach. This calculation converts the surface area capacity to people capacity, to
be applied against the daily demand developed earlier. By applying the historical erosion rate to the
shoreline in the study area, beach capacity for future years can then be determined.

I. Using the annual beach activity demand and the existing and future beach capacity, with
and without project beach attendance to the study area are then calculated. The second major step
in the evaluation of recreatiobenefits isnow completed. The saltwatbeach activity demand
reflecting the socio-economic characteristics of the market area population has been determined. All
available recreation resourcesthin the study area areummarized and inventoried, and these
resources have been usedsisks whichuse or “soak up” thexisting demangbrior to crediting
recreation usage to any considered projects.

] The third and last step in the benefit evaluation procedure for recreation is to determine
willingness topay, or assign a value to the recreational usage generated by a proposed project. The
three acceptable methods to determine value are discussed below.

(1). The Travel Cost Methodrlhis method uses the variable costs of travel as a proxy for
price in determining the net wilingness-to-pay forsiamption of recreational activities. According
to this methodjndividuals havethe option ofenjoying arecreation day atanypossible sites.
Though the sites are similar, and can be considered substitutes, they each provide slightly different
recreation opportunitieslndividuals’ recreation decisions reflelbbth the costéncurred and the
benefitsattained from a site visitCostsinclude travel expenditures atite value of time spent
traveling. These costs decrease with proximity to the site. Travel cost method equates the implicit
price of each site characteristic with thaditional benefits itsisage provides. By observing the
pattern of sitaisage by individuals located different distances from the site, the analyst estimates a
demand curve for the site.

(2). The Contingent Value Method his method differs from the travel cost method, in that
it does notrely on observed behavior wstimate benefits. Instead, surveys used to elicit
information about either an individual's willingness-to-pay (WTP), or willingness-to-accept (WTA)
paymentfor a change in some environmental characteristic. Careful survey design is crucial to the
validity of results obtained by this method. The formtleg questions shoulthclude specific
informationabout thechoice beingevaluated, and should accurately reflect the decision facing the
respondent. While eitherWTP or WTA can be used to measure benetfisre is a subtle, but
important, difference between them. For an increase in either environmental quality or quantity, WTP
answers the questiotiven theinitial quality/quantity of an environmentattribute, how much
would you be willing to pay to see a spedifigprovement?”. The starting point for evaluation is the
currentlevel of quality/quantity. WTA answerthe question;An improvement in environmental
guality is going totake place. How much would you bewilling to accept in lieu of the
improvement?". Thenitial evaluation point ighe post-improvemenevel of quality/quantity.
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Though estimated benefigse associated with tteame environmental change, they can diverge
significantly depending on which measuraused. The accuracy of the Conting@atue method

(CV) relies heavily on survey respondents being well informed. They must understand and be familiar
with the commodity being valued. Also, when the survey is administered, the environmental change
being evaluated must be explicitly stated. If the respondent's level of uncertainty is limited, CV can
generate accurate estimates.

(3). The Unit Day ValudMethod This method applies a simulatedhrket value to
estimated annual use. The simulated value is judgmentally derived from a range of values agreed to
by Federal water resources agencies (Principles and Guidelines, see Chapter 3, Paragraph D). These
values are developed either using comparable market prices, or the point system. To generate market
prices, prices are collected from at least ten private sector establishments with comparable facilities
in the affected area. Under the point system, a planner categorizes the various recreation activities
available at the site. Points are then distributed to each of thegeraas. Conversion of points into
dollar values is based on guidance providethiyPrinciples and GuidelinesThe unit dayalue
method is intended to represent the users' average willingness-to-pay for a day of recreation activity
at the site. When a properly formulated unit day value is applied to estimated use, an approximation
of the area under the site demand curve is obtained, which is used in estimating recreation benefits.
The method inherently relies on professional judgement to arrive at a project-specific unit day value.
Consistent application of the procedure for each alternative being evaluated will produce meaningful
estimates of value. When usitige unitday valuemethod, departure from tiprblishedrange of
values is not permissible.

D. EXPECTED AVERAGE ANNUAL BENEFITS

1. Average Annual Benefits iyroject The expected averagenual benefits ofhe 56 shore
protection projects are listed by category in Table 5-1. This information was obtained from project
evaluation reports prepared by the Corps distfiates. The pricdevel and interestate used in

each benefit evaluation are included in this table, as wileasxpected average annual costs and the
benefit/cost ratio. No attempt wasade to adjust these figures to a common gevel, and
therefore no totals are presented. The prdjenefits have beesrranged in chronologicalrder

based on the pridevel. Several projectzppear more than once in the table, becthesgewere
evaluated more than once. Most of these reevaluations were done in the wake of the WRDA ‘86 and
the consequent change in policy. It is evident that more recent evaluations of the same project report
much higher storm damage reduction benefits than the earlier evaluations.

2. Comparison oftormDamage Reduction and Recreat®enefits When the storm damage
reduction and recreatidmenefits in Tablé-1 arecalculated as percentages of th&al project
benefits, angjrouped by Year periodsthe patternllustrated in Figuré-1 emerges.This figure
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shows that the average project designed and evaluated prior to 1&6dembrignificant proportions

of both storm damage reduction benefits and recreation benefits. From 1965 to 1979, projects were
justified mainly with recreation benefits, while storm damage benefits assumed a minor role. During
the 1980s and 1990s a revermeturred, due tpolicy changes of the Department of the Army as

well as those caused by WRDA ‘86. The typical 1990's shore protection project receives 73 percent
of its benefits from storm damage reduction and only 26 percent from recreation.

Figure 5-1 Trends in the Percentages of Project Benefits of Storm Damage
Reduction and Recreation
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3. Other In the "other" category of Table 5-1, most of the benefits (about 80 percent) are decreased
maintenance of existingtructuresjncluding reduced beach nourishment. The remainder of the
"other" benefitsfall into the navigation categor{10 percent)enhancement gsropertyvalues (8
percent), and recreational boating and area redevelopment.
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Shoreline Protection and

Table 5-1 Average Annual Benefits by Project (in Thousands)Continued on Next Page)

Project Name Price Interest Storm Damage Recreation Other | Total Average| Average B/C
Level Reduction
Rate Upland Dev] Land Loss Annual Annual Costs| ratio
Benefits

Galveston Seawall, TX 1947 3.0p0 36p.0 0.0 0.0 195.0 b55.0 358.0
Winthrop Beach, MA 194 3.090 1.4 0 2.8 4.4 4.6 43.0
Harrison CO., MS (1) 1948 3.000 454.0 444.0
Presque Isle, PA 1948 3.00 0.0 30J0 250.0 50.0 330.0 2y4.9
Quincy Shore Beach, MA 19%0 3.000 2p.9 0.0 b6.9 15.3 93.1 43.7
Hampton Beach, NH 1943 2.5p0 b.8 0.0 2.0 B6.1 63.9 38.1
Prospect Beach, CT 1953 3.J00 B.2 0.0 0.0 0.7 23.9 8.3
Seaside Park, CT 19%3 3.Joo B.1 0.0 D6.0 0.0 104.1 18.7
Channel Islands Harbor, CA 1967 2.500 216.0 0.0 50.0 68.0 394.0 328.0
Long Island, Fire Is. to Montauk 1958 2.400 1015.5 1p1.1 39.1 0.0 1375.7 543.6
Pnt, Southampton to Beach
Hampton, NY
Carolina Beach & Vicinity, NC 196D 2.625 213.5 D.0 133.9 p8.3 375.7 123.1
Oceanside, CA 1960 2.6p5 .0 5b.1 5.9 0.0 91.0 42.2
Wallis Sands State Beach, NH 1960 2.500 0.0 0.0 18.0 0.0 18.0 18.4
Wrightsville Beach, NC 196D 2.625 9%.4 3B.6 45.9 16.6 196.5 45.4
Fort Macon, NC 196[ 2.645 243.6 4p.9 §6.7 0.0 370.2 148.9
Ventura-Pierpont, CA 1962 5.000 125.3 0.0 $0.0 0.0 185.3 82.8
Surfside/Sunset, CA 1962 5.0p0 1896.0 0.0 280.0 45.0 2221.0 613.0
Fort Pierce Beach, FL 1962 3.000 B.4 43.7 b2.7 0.0 119.8 89.4
Raritan and Sandy Hook Bay, 1963 3.p00 14.5 3.6 92.8 25 1134 58.9
Madison and Matawan Townships,
NJ
Long Island, Fire Island to Montauk 1963 3.000 745.0 581.0 50.0 0.0 1976.0 1184.4
Pt.,Moriches to Shinnecock
Reach,NY
Raritan and Sandy Hook Bay, 1964 2.625 4B0.9 45 187.5 3.8 626.7 359.5
Keansburg and E. Keansburg, NJ
Coast of CA, Point Mugu to San 1966 3.125 20.0 0.0 441.0 0.0 461.0 107.0
Pedro
Pinellas Co, Treasure Is., FL 1968 3.250 $0.2 0.0 0.0 73.4 133.6 96.0
Hamlin Beach State Park, NY 1969 3.250 0.0 0.0 220.9 0.0 P20.9 116.3
Cliff Walk, RI 1969 3.25( 16.p 0{0 97.2 6.3 12p.4 42.5
Long Island, Fire Is. to Jones Inlet, 1970 3.250 0.0 2242.0 0.0 1P49.0 1191.0 2788.1
NY
Tybee Island, GA 197D 4.875 4.0 D.0 342.8 b2.3 345.1 111.3
Brevard Co, Cape Canaveral, FL 1972 3250 0.0 0.0 P06.0 10.0 216.0 84.3
Palm Beach Co, Delray Beach, FL 1973 3,250 112.2 0.0 n82.2 0.0 594.4 199.3
Sherwood Island State Park, CT 1974 5875 1.0 0.0 1p99.0 11.3 [1311.3 286.7
Rockaway, NYC 1974 6.6P5 70.p0 0.0 4611.6 388.8 5(20.4 1860.6
Duval Co, FL 1974 3.250 340.2 11.4 1948.0 2.0 2392.0 1p81.0
Dade Co, FL 1974 3.290 1448.0 D.0 14375.0 285.0 16[L08.0 2708.0
Pinellas Co, Treasure Is. FL 1974 3.250 151.0 0.0 0.0 196.0 347.0 181.0
Lakeview Park Coop, OH 1975 3.260 D.0 0.0 406.0 0.0 106.0 140.0
Broward Co., FL, Segment 3 1978 6.625 136.4 30.9 2882.3 9.8 $559.4 673.2
Point Place, OH 1978 6.6p5 556.7 0.0 21.1 b8.2 46.0 b38.3
Brevard Co, Indialantic/Melbourne, 198 6.625 115 0.0 1154.0 0.0 1165.5 597.1
FL
Grand Isle and Vicinity, LA 197B 6.815 659.0 420.0 605.0 195.0 1888.0 1249.0

1.6
1.0

1.2
21
1.7
2.8
5.6
1.2
25

31
2.2
0.9
4.3
25
2.2
3.6
13
19

1.7

17

4.3

14
1.9
1.9
15

31
2.6
3.0
4.6

2.7

15

5.9
1.9

2.9

3.8
12
2.0

(1) Complete information was not available for this project.
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Table 5-1 Average Annual Benefits by Project (in Thousands)

(Continued)
Project Name Price Interest Storm Damage Recreation Other | Total Average| Average B/C
Level Reduction
Rate Upland Dev] Land Loss Annual Annual Costs| ratio
Benefits
Corpus Christi Beach, TX 1975 5.87'5 p.0 0.0 10p2.0 0.0 1p04.0 323.0 31
Pinellas Co, Long Key, FL 1978 6.6R5 2p.0 0.0 3p2.0 0.0 24.0 116.0 2.8
Broward Co, Segment 2, FL 1980 7.375 1582.0 0.0 65.0 67.0 $164.0 1412.0 15
Sherwood Island State Park, CT 1981 7B75 0.0 21.6 F13.2 0.0 734.8 94.9 7.8
Wrightsville Beach, NC 198|1 7.315 414.1 225.7 270.5 0.0 10.3 (68.0 14
Fort Pierce Beach, FL 1982 7.6R5 p.0 63.0 9[73.0 2.0 1p38.0 226.0 4.6
DE Coast Sand Bypass 1984 8.B75 0.0 4125 0.0  8[89.8 202.3 383.0]|| 24.0
Pinellas Co, Long Key, FL 1984 8.1p5 27B.0 0.0 1p4.0 52.0 184.0 392.0 12
Pinellas Co, Sand Key, FL 1984 8.125 4912.0 0.0 4481.0 82.0 675.0 2684.0 3.6
Dade Co., FL- Sunny Isles (N. Dade 1984 8125 419.0 0.0 2185.0 10.0 2614.0 1850.0f 14
Co.)
Pinellas Co, Treasure Is., FL 1984 8.125 401.0 0.0 0.0 P13.0 614.0 337.0 18
Revere Beach, MA 1985 8.3f5 868.0 0.0 $5.0 0.0 933.0 r24.6 13
Reno Beach, OH 1946 3.2p0 60B.1 0.0 0.0 1.4 1p44.5 338.0 31
Palm Beach Co, Boca Raton, FL 1986 875 1130.0 14.0 389.0 0.0 1533.0 745.0 2.0
Palm Beach Co, Lake Worth Inlet to 1986 8.875 48015.0 33.0 0.0 0.0 b478.0 3485.0 16
South Lake Worth Inlet, FL
Presque Isle, PA 1986 8.62§ 0.p 21)0 00 29120 2933.0 25p0.0 1.2
Cape May Inlet to Lower Twp, NJ 1987 8.925 2917.0 0.0 §56.0 160.0 993.0 2389.7 17
Virginia Beach, VA 198] 8.625 6611.0 .0 6140.0 0.0 12731.0 2p11.0 51
Maumee Bay, OH 1948 8.625 .0 .7 2540.6 0.0 2%47.3 1061.4 2.4
Great Egg Harbor and Peck Beach, 1988 g4.875 25p03.4 0.0 5699.3 232.0 31834.7 7051. 45
NJ
Revere Beach, MA 1948 8.625 .0 p.0 45.0 13p8.6 1873.6 [778.0 1.8
Lee Co, Captiva Island, FL 1948 8.625 743.3 b3.8 §40.0 0.0 1417.1 902.5 1.6
Prospect Beach, CT 1989 8.975 219.0 0.0 100.0 0.0 B79.0 346.3 11
Ocean City, MD 1989 8.815 13453.1 p.0 534.0 0.0 13987.1 9510.0 15
Folly Beach, SC 1990 8.250 1865.0 0.0 14p3.0 0.0 3p68.0 4007.0 1.6
Duval Co, FL 199 8.87p 2184.0 377.3 2108.5 12p7.2 5881.0 3434.0 17
Broward Co, Seg. 3, FL 1990 8.975 2013.0 4B4.0 1082.0 0.0 3529.0 p886.0 12
Manatee County, FL 1991 8.8J'5 376b.7 1.6 3p1.0 0.0 a178.3 856.5 2.3
Palm Beach Co, Delray Beach, FL 1991 875 1416.0 71.0 497.0 0.0 2384.0 981.0 2.4
Broward Co, Segment 2, FL 19p2 8.250 8591.0 1793.0 F32.0 0.0 1p416.0 2152.0 4.8
Brevard Co, Indialantic/Melbourne, 19p2 8.400 8%0.0 1112.0 0.0 0.0 962.0 694.0 1.4
FL
Carolina Beach & Vicinity, NC 199p 8.2%0 4094.3 949.3 2p8.3 0.0 5811.9 4686.8 2.0
Brevard Co, Cape Canaveral, FL 1992 85500 739.0 31.0 0.0 0.0 [1370.0 1856.0 0.7
Fort Pierce Beach, FL 1993 8.15 1694.0 10.0 20.0 0.0 1754.0 1148.0 15
Rockaway, NYC 1998 8.740 3400.0 D.0 6370.0 0.0 9170.0 5[136.9 1.9
Tybee Island, GA 199 8.000 569.0 p.0 7567.0 0.0 8136.0 075.0 8.3
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E. "ACTUAL" BENEFITS

1. Introduction In contrast to the actual costs of a project, the term "actual benefits" is somewhat
conceptual. The “actual” benefits ofpaoject aredefined asthe difference between: 1) what
happened sinche project's construction in terms of storm damages, recreation, or any other type
of benefit claimedor the project; and 2) what would have happened during that time period if the
project hadnot been constructed. Part 1, whatually happened, could be measudedctly,

although such measurements are not routinely done by Corps district offices. Part 2, however, is a
hypothetical situation. Thipart attempts taletermine what would have happened without the
project, and can only be estimated through modeling. This hypothetical situation is similar to the type
of analysis that is done prior to the construction of a project, except in the case of trying to determine
"actual benefits", one is looking backward over the life of an actual project rather than forward into
the future of a proposed project. Another major difference is that in estimating "actual benefits”, the
storm events are known, so that these values can be inserted into the models. The models are then
run under with- and without-project conditions and, in the case of storm damages, the difference in
damages ithe "actual" damages prevented by the project. These "actual® damages prevented are
then the "actual benefits" claimed. Most Corps districts do not run these calculations as they are a
costly and time-consumingperation, and in most cases, ar&giae toknow" item rather than a

"need to know" item. This lack of follow up on "actual” project benefits, however, makes it difficult

to tell if project benefits claimed prior to construction are matched by "actual benefit" outputs.

2. Subjective Evaluation of Erosion Rates and Project Benéitgrict offices of the Corps were
asked to submit subjective evaluationgoth erosion rates arzenefitsfor the projects irtheir
districts. In response to thisquest, ratings wereceived for 26 of the 56 projects. These ratings

are presented in Box 5-1. No conclusions can be drawn from this subjective analysis. However, the
general trend for both erosion rates aedefits ighattheyare mordikely to beunder estimated

than over estimated.

3. Actual Benefitdor Selected Projects Thefollowing 11 shore protection projects were
selected for detailed analysis becasigficient data and models were available to generate estimates
of "actual" benefits. Imost cases, they are older projects which do have some history, but which
have also been recently re-evaluated and baoren damage models. Condensed versions of the
reports which were submitted by the district offices are presented in this section.
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Box 5-1
Subjective Estimate of Project Erosion Rates and Benefits
Project (1) Erosion Rates (2) Benefits (2)
W [ O [@Bse] »] (] (asex
Atlantic Coast of NYC, Rockaway, NY (3) X X
Long Island, Fire Island to Jones Inlet, NY X X
Long Island, Fire Is. to Montauk Pt., Moriches to X X
Shinnecock Reach, NY (4)
Long Is., Fire Is. to Montauk Pt., Southhampton to Bea¢h X X
Hampton, NY (4)
Raritan Bay & Sandy Hook Bay, Madison & Matawan X X
Townships, NJ
Raritan Bay & Sandy Hook Bay, Keansburg & East X X
Keansburg, NJ
Atlantic Coast of Maryland (Ocean City), MD X X
Wrightsville Beach, NC X X
Carolina Beach and Vicinity, NC X X
Fort Macon, NC X X
Duval County, FL X X
Brevard County, Cape Canaveral, FL X X
Brevard County, Indialantic/Melbourne, FL X X
Fort Pierce, FL X X
Palm Beach County, Lake Worth Inlet, FL X X
Palm Beach County, Delray Beach, FL X X
Palm Beach County, Boca Raton, FL X X
Broward County, Segment I, FL X X
Dade County, FL X X
Dade County, Sunny Isles, FL X X
Virginia Key and Key Biscayne, FL X X
Lee County, Captiva Island, FL X X
Manatee County, FL X X
Pinellas County, Sand Key, FL X X
Pinellas County, Treasure Island, FL X X
Pinellas County, Long Key, FL X X

(1) Projects in the New England Division have all been turned over to local interests, no information available.
(2) (+) is more than expected; (-) is less than expected; (As Ex) is as expected.

(3) Project was originally justified on recreational benefits.

(4) Only a portion of the project completed.
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a. Rockaway Beach, New York City T - S [ )

NEWARK . | "/{HunsoN f M?NHATL?I(“ “;\ QUEENS «
(1). General Descriptian R ) FEOUN '
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(a). The Rockawayeninsula is 7 mooam 35 it
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located on Long Island ithe Borough of
Queens, New York. The peninsula is
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approximately 10miles long with avarying | /7™ /,/ - ﬁom@;g o sERcH ‘
width not exceedingnemile. Tothe west of i §
Rockaway is Rockaway Inlet, to the east S Py

East Rockaway Inlet, and to the south is tlge "= —fewusmeer ~

Atlantic Ocean. Tharea isgenerally flat with , sanoy "\E

the elevation only rising to 1feet (NGVD). // \“”/\“\\Q‘H%%’i

_ OJATLANTIC OCEAN

The Rockaway beach nourisant projectis 6.2 f* A
miles long (see Figure 5-2). couNTY ) smaemonT
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(b). Thepeninsula's development s 7 ;;j

pattern is amixture of high risetowers and Figyre 5-2 Rockaway Beach, NY
single-family residences. The majority of the

land is developed, witlonly a vacant Urban

Renewal parcel that may be developed into residential units. Huggmsigattedront are a boardwalk
and other recreation faciltieg€ven though the majority of the area is privately owned, there is still
public access to the strip of sandy beach.

(c). This area of New York is subject to damages from the wave attack and runup created
by hurricanes and northeasters. Early attempts to reduce storm-induced sand loss were through the
construction of groins. By 1964, one year prior to the erosion control plan, there were 242 groins
(primarily timber) located along the coast of the Rockaway peninsula. The 1965 plan that focused
on protecting six miles of shorelimeas reevaluated in 1974. Initial beach restoration began in 1975
and was completed in 197With periodic renourishment occurrirfige timesbetween 1980 and
1988. There has been no additional renourishment since 1988. The analysis of benefits are related
to the work that began in 1975.

(2). Analysis of BenefitsThe benefits cited in the 1974 planumtgd: reduction in damages
and maintenance for shorefront structures (buildings, boardwalk, etc), and recreation benefits from
the additional width othe beach. In a recent Section 934MRRDA ‘86 reevaluation study, the
benefits of the project were reevaluated.

(a). Calculation The storm damage reductibanefitswere calculatedising astorm
damage model. The model determines damagsuoctures and infrastructure framundation,

V-15



Shoreline Protection and Benefits of Shore
Beach Erosion Control Study Protection Projects
]

storm recession, and wave attack. The analysis is based on current development within the area and
current price levels. Dataas collected for the square-footage of each structodefirst floor
elevation. The square-footage whsbasis for determining construction cost replacement values

and the elevation was used in determining the impact of flood inundation. The model was run using
the characteristics of statistically significant storms and controlled for erosion by one-time counting

of damages to buildings overtaken by the annual erosion rate. The model was run twice to determine
damages for with- and without-project scenarios. difference betweethe with and without
scenarios is the estimated benefits.

(b). Estimated Storm Damage Reduction Benefits1974, it was determined that the
project would generate $408,800annualstorm damage reductidsenefits,$70,000 from the
prevention of damages to shorefrattuctures and $338,800 from the reductionb@ach
maintenance. The Section 934 Reevaluation recalculated the damages prevented at $3.4 million in
1993 dollars.

(c). "Actual" Storm Damage Reduction BenefiSince the project was constructed in
1974, there have been five significantrste. The damages prevented for each storm were based on
the difference between the value of the damages with- and without-project. Without the project there
would have been $124ilion in damages and with theqgpect there were 1.5 million in damages, for
a difference of $122.5 million in damages prevented over the life of the project.

(d). Recreation Benefits Estimatin 1974, the largestenefit category was recreational.
These benefitarerevalued at$4,611,600 in 1974 dollars, or 96 percent of the total benefits. The
recreational benefits were recalculated in the 1993 Section 934 Study and based on a unit value per
day. An enhancement value was calculated by taking the difference between what a person is paying
now to use the beach and what a person would pay if the Wwegckidened. It was determined that
a person would pay $5.53 per day without the project, but would be willing to pay an additional 91
cents to use thenhanced beach. The enhancement value of 91 cents wasiliphed by the
annual average visitor rate and resulted in $6,370,000 in average annual recreation benefits in 1993
dollars.

b. Ocean City, Maryland

(1). General Descriptian

(a). Ocean City, Maryland is located on Fenwick Island, which is 10 miles south of the
Maryland-Delaware border and just northAsisateague Island National Park. The island is highly
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developed, attracting vacationers from thf
metropolitan centers of Washington, D.C. a
Baltimore, MD (see Figure 5-3). Over the laf
two decades, development has evolved frg
the woodenframe 4 unitstructures of the
1970s, to thduxurious highrise motels ano
condominiums of the 80s and 90s. Since Oc
City has little oceanfront vacant lamdpst of
the recent development has occurredhenbay
side of theisland. This renovation and ne
construction has resulted in development whi
exceeds $2 billion in value.

END OF
CONSTRUCTION, DELAWARE

MARYLAND

VIRGINIA, <

7
7 VIRGINIA

§

)
ASSAWOMAN
BAY

y
N
~_C |

OCEAN |
a

(b). While the newer structures arg
better designed, they are not isolated from rigk.
The shoreline running fronthe Delaware
border to Assateague Island is subject to sevg
damage from high tides and wave attack durigg™
the storm season. The damages relatedfto
storms have been magnified with the growth .../ € Suemucnon
development. Damages to public and priva ¢
property at Ocea@ity from Hurricane Gloria
in September 1985 were estimated at $14
million. An additional $944,000 irrosion
damages were the result of Hurricane Juanfigure 5-3 Ocean City, MD
November 1985. The 1989 hurricane
protection project has widened the state-nourished 90 foot beach to 130 feet. Without any action,
it is estimated that this beach would erode at a rate of 2.3 feet per year, returning back to the state-
maintained 90 foot beach in the year 2010. The analysis thatdpllelates to the benefits attributed
to the hurricane protection plan.

OCEAN CITY
INLET

(2). Analysis of Benefits

(a). HurricaneProtection The hurricane protectidmenefitswere fromboth storm
damage prevention and recreation. These benefits were based on the difference between the with-
and without-project scenarios. Tiptan definedthe "without” project scenario as ti8tate-
maintained 90@oot wide beach. It was assum#itht without the project, Statetervention would
prevent further erosion. The "with" project scenario assumes that there will be a 130 foot beach with
no loss to erosion.
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(b). Storm Damage Prevention Storm damage prevention wadivided into two
categories, wave/erosion and inundation. The wave/erosion damages are based on a survey of the
existing buildings' elevations and specifications. Damage curves were designed to measure the wave
force and erosion that could undermine the structures. Individual structure stage-damage curves were
developed and compared with erosion and wave height modeled for various storm frequencies. The
model accounted for the impactlohg-term erosion by determining an annual erosion rate for each
year of the 50 year projelifie. In year20, the erosion rateached the 9fbot State-maintained
beach. For theremainder otthe project years, thehoreline waseld constant. The wave and
erosion damages were compiledyteld anaverage annual wave/erosion damage betinefitwas
later combined with inundation damages.

(c). Estimated Storm Damage Reduction Benedits determine the inundation damages,
a model was employed to estimate wave runup and overtopping rates associated with different storm
frequencies. Damag#ata were associatedth the various storm frequencies, producing stage
damage curves. Tletage damage curvatentify the potential dollar value of damages related to
a specific storm occurrence. Using a statistical sampling approach, damage curves for each land use
type weremodified to reflecturrent costand development patterns. To reduce double counting
in oceanfront areas where wavsson and inundation damages were calculated, only the category
with the largesdamages was documented. Thbt&al averageannual estimatedtorm damage
reduction benefits were $13,453,100 in 1993 dollars.

(d). "Actual” Storm Damage Reduction Benefigtorm damages prevented based on
actual storms were reported from the storms that occdugdg the construction of the project.
Actual benefits, as reported by the Baltimore District, have been $184 million to date. The dates of
the storms and damages prevented @atober 1991 - $3million; January 1992 $52 million;
December 1992 - $tillion; and Marchl993 -$29million. Damages prevented were computed by
comparingthe estimatedrequency othe storm event and the measured wave runup to the stage
damage and frequency curves described above and adjusting for current dollar values.

(e). RecreatiorBenefits Estimate: Without-Project The without-projeciscenario
recreational benefits are based on the 130 foot projected widthtafahb to erode at 2.3 feet a year
to the 90 foot beach. Since there basn a significant increase in development between the time of
the 1980 studwnd the 198%lan, it was considered appropriate tevisecurrent estimates of
visitation and beacluise. Current estimates of beach use were adjusied the change in
wastewater volume over the past decadéss resulted in the 1989 peak visitation to be 92,900 for
weekend days argD,400 for weekday$ot all of thevisitation demand could be accommodated
and had to be adjusted to reflect bgach capacity. Beach capacity wiafined bythe available
acreage of the beach, a 10biare foot bather requirement, and a daily turnover rate of 2.7 bathers.
Beach usage for a partiau day is the lesser of the demand or capacity projection. The product of
usage, the number of peak days and the unit day value became the peak day value. The sum of each
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year's peak day value for weekdays and weekends was adjusted to an October 1989 price level and
discounted at 8.875 percent, determinethe present worth of $36,123,0@0nualrecreational
benefits in 1989 dollars for the without-project scenatrio.

(. Recreation Benefits Estimate: With-Proje@he with-project scenario was based the
recreational benefits on a maintained 130 foot beach, a dune and a bulkhead. The beach usage was
recalculated using the wider beach, with no loss of beach width duegttelon erosion. As a result,
the with-project plan provides a greater area for recreational activity from the year 2000 onward. The
greater area is reflected in timerease ithe pealday value. The sum e pealkday value for
weekdays and weekends, adjusted to an October 1989 price level and discounted at 8.875 percent,
results in the present worth of $36,657,00@mmual recreational benefitsr the with-project
scenario. Thalifference betweethe with-project recreationdlenefits 0f$36,657,000 and the
without-project recreational benefits $86,123,000 results in $534,000 annualrecreational
benefits attributed to the hurricane protection project in 1989 dollars.

c. Virginia Beach, Virginia

WEST U/
VIRGINIA /,
~

P

Sy
- f > . G0
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(a). The city olVirginia Beachis | = wom ~ o ‘ W 9°‘;j’“yz:§3

located in the southeastern part of the State o A ﬁ’%ga % N

Virginia. The city is bordered by the ., ceseac %
Cape é(hares

(1). General Descriptian

Chesapeake Bay tthe north, the ity of - BAY
Norfolk to the west, NorthCarolina to the l@

south and thétlantic ocean tdhe east. The ﬂ /
city's oceanfront extends for 28 miles, with an

additional 10 miles obayfront (see Figure 5-
4). A boardwalk runs along theeach and is
the location of oceanfront shops and |
restaurants. The boardwalk was constructecf N
between 1927 and 1983, with various sectiong]/*'
being funded by city and private funds. In
1962, a northeaster devastated the boardwal
and the Corps was authorized to rehabilitate
the structure. Figure 5-4 Virginia Beach, VA

e

(b). Nourishment procedures were first authorized in 1954. The original plan called for
three and a half miles oéachnourishment, with an additional 21 groins constructed when deemed
necessary. In order to expedite the work, local interests paid for the beach nourishment and provided
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maintenance over the next several years. The groins were never built and are no longer considered
an appropriate protection measure for this area.

(c). Modifications tathe projectcame in1962, whenthe citytook advantage of the
Federalcostsharing progam. Thecostsharing rarfor 25 years and expired ¥987. However,
recatulations of benefits ancbsts under Section 934 WRDA 86, determinedhat continued
Federal participation was warranted. An agreement between the city and the Federal government has
been signed for an additional ten years that will run until 1997. The benefits analyzed in this report
are related to the nourishment activities that began in 1962 and have continued since.

(2). Analysis of Benefits The projecbenefits includedtorm damage reduction and an
increase imecreation. Storm damage reduction benefits are estimated through models. Historical
storm data and stage damage curves are useetéaninethe damage in the with and without
scenarios.

(a). Calculation The model controls for successive storms to reduce the over counting
of damages and long-term erosion rate. The storm control assures that a structure damaged in one
storm wouldnot be recounted if successive storm hit within three months of the previous storm.
The long-term erosion control assures that damages to structures lost to the long-term erosion rate
are not double counted after the erosion rate overtakes the structure's location.

(b). StormDamages Preventedn the case of storm damage reduction, the estimated
annual prevented damages were $6,611,000 and the “actual” damages prevented were $6,674,000.
The actual storm damages were based on a 31 year perawdlg$is,where 58 storm events
occurred with a frequency ranging from 1 to a 5 year event.

(c). Recreational BenefitsThe recreational benefits are a secondary benefit. Without
the project, the potential for recreation in this area would be negligible. Eventually, the beach would
become smarrow that there would be moeasurable benefits. Therefotlee without-project
scenario considers that there will be no recreational benefits present. Therefore, any increase in the
number of recreational visitors can be totally attributed to the project. Recreatoeréitswere
based on a unit day value. It was estimated in 1951 that the unit day value was 25 cents, based on
beach vigation numberextrapolated from a city survey thfe occupancyate of arednotels and
rental units. Based on the 25 cent whly value, it was estimatdtiat there were $22,500
recreational benefits in 1951. The $22,500 of reicneal benefits were adjusted to 1993 dollars and
yielded a projected $115,000 in estimated recreational benefits.

(d). Re-evaluation of Recreation Benefits Estimdteorder to determine recreational
benefitsfor the 1993 Section 934 reevaluation, the recreatlmeradfits in 1951 0$22,500 were
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used as the base year dollar value. In order to determine the realized recreational benefits for each
successive year, the enhancement value was adjusted to reflect that year's dollar value. By 1993, the
enhancement value wasodified t0$1.28 and the recreationanefits realizeavere $1,074,000.

The study then tookhe actualannual recreational benefit and determined an average annual
recreation benefit of $496,000, based on the 31 year life of the project and discounted at 8 percent.
The Section 93%lan's annuatecreationbenefits of $496,00@&re $381,000 more than those
projected in the original plan.

d. Carolina Beach, North Carolina

MYRTLE
GROVE
SOUND

(1). General Descriptian

(a). Carolina Beach, North Caroling
is on a barrier islandlocated southeast of
Wilmington, south of theCarolina Inlet and
north of Smith Island. Theown is fronted by
2.6 miles of Atlantic oean shoreline (see Figure
5-5).
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Carelina Beach
Inlet
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(b). The Carolina Beachgect was
authorized in1962, but it wasnot until
December 1964hat initial placement of fill
began. Severe erosiatcurredimmediately
after the initial placement and prompted]
emergency action in 1967 and again in 1970. r)
the 1967 emergency nourishmentemporary
wood groin was constructed to the north tp
reduce the amount of sand lost. In 1970; -
emergency action includedthe initial Flgure 5-5 Carolina Beach, NC
construction of a rock revetment. The next
year, the entire project was renourished but accelerated erosion persisted in the north. Later, it was
determined that the Carolina Inlet, located north of the project site, was prohibiting littoral drift and
starving the beach of sand.
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Carelina Beach

(c). Afull comprehensive plawas delayedintil a study determined what navigation
improvements to the Inlet could be done in conjunction with elimindimgegative impacts. With
the completion of the navigation report in 198final solution for Carolina Beach was adopted that
included the excavation of a sediment trap in the throat of the Carolina Beach Inlet and the bypassing
of this sediment téhe projectshoreline. The sedimettap areaserves as a renewaldeurce of
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beach quality sand for nourishing the storm damage reduction project at Carolina Beach.

(2). Analysis of Benefits

(a). Calculation A model was used to determine the storm damage reduction benefits
and recreational benefits of ttpsoject. Themodel superimposes 1993 developmenthen1964
shoreline and provides damages in 1993 dollars. Damages caused by long-term erosion were based
on the pre-project shoreline recession rate. Potential storm damages for the without-project condition
were determined in yearly increments by moving the shoreline position landward a distance equal to
the annualong-term erosion, pre-project rate. At each new shoreline position, an assessment was
made of the damage potential to the existing development associated with a representative number
of storms ranging from 5 t600 years. Damage potential for each storm was based stothe
shoreline recession, inundation, and wave impacts. Only the category with the largest damages was
documented for a specific storm, so as not to over count.
The damage assessment analysis was repeated for the with-project scenario. It was assumed that with
the project in place, long-term erosion wontit occur. The projecimaintainsthe shoreline in a
position somewhat seaward of its pre-project position, and generally reduces damages associated with
storms. However, it is a paradox of the model that when a large storm occurs, the storm damages
can actually exceed without-project damages for that storm. This apparent anomaly is the result of
all the structuresemaining inthe datebase rather than sorbeinglost to the long-term erosion.
This is rather rare and overall the total damages with the project are less than without the project in
place.

(b). Estimated Storm Damage Reduction Benelibsaddition to the model accounting
for erosion it also controls for storniBat occur inrapid succession. The modabntrols for
successive storms to reduce the over counting of damages. The storm control assures that a structure
damaged in one storm woulsht be recounted if aecond stornhit within three months of the
previous storm. Once these factors were accounted for, the model determined that the annual storm
damages prevented were $6,398,000.

(c). Actual Storm Damage Reduction Benefit® determine the annual storm damages
prevented based on actual storms,ttoglel was run again usirige characteristics dfistorical
storm events. The procedges an approximation afie dollars in damage that actually would
have occurred with and without the project. It was determined by running the model that the annual
estimated damages prevented based on actual stornB8yi&6,000. However, thesanual
prevented damages ardlated bythe fact that the charactand intensity of Carolina Beach's
development has increasedertime. Remembethatthese calculations were based on taking the
1993 development and overlaying it on the 1964 shoreline. Since thedastel@lpment in 1964 was
not so intense and expensivetlas 1993 development, the actual damages would lesrddss.
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Therefore, the totannual estimated damaga®vented were calculated byltiplying the total

annual estimated damages by the ratio of the town's tax base in a given year and dividing by the value
of the 1993 tax baseThis procedure adjusted tlamnual damaggsrevented from thpreviously

stated $8,186,000 to $1,921,000.

(d). Difference Between Actual and Estimated Storm Damages Prevéhtedifference
between the estimated storm damages prevented of $6,388@M€0e estimated damages prevented
based on actual storms of $1,921,000 can baieggal by the project area not being directly affected
by a major hurricane since its initial construction in 1965. If the area experiences a major hurricane,
the damages prevented by the projecttiar singular event could greatly incredise totaldollar
value of the damages prevented, and thus increase the actual benefit to cost ratio for the project.

(e). EstimatedRecreational BenefitsRecreational benefitgsere based on ancrease
in the value of the recreational experience resulting from the improved beach. A with- and without-
project recreational value was determined #uedlifference of 53ents was considered to be the
enhancement value of the project. Estimates of the existing annual visitation to Carolina Beach were
based on average occupancy rates in the town's motels, cottages, condominiums, and duplexes and
adjusted by the number of days in the beach season and the number of parking spaces available for
public use. The product of tlestimated visitation to Carolina Beach4®0,723 and the 53 cent
enhancement value results in a projection of $228,300 in recreational biemeif@93. Asimilar
value was projected for each year of the project, witlhatad recreational benefits being $2,705,000
in 1993 dollars.

(H. "Actual" Recreational BenefitsThe Wilmington District based tlaetual recreational
benefits on the town's historical visitation record for the years the project was in place. The original
feasibility study for Carolina Beach estimatitt visitation tothe beach would b&47,000. The
difference between the visitation estimated in the 1964 study and the visitation presented in the 1993
study is closely linked toéhe increase in availablanits and an increase the number ofpublic
parking spaces, asrasult of the statejsublic beachaccess program. Theroduct of the 1964
visitation countand the 53 cenénhancement value revedlgat there were $77,000 in actual
recreational benefits, one year prior to the project. It was further assumed that recreational benefits
paralleledthe growth in the town's tax base. Thereforeprder toreflect a realistic recreational
value for each yearrste 1964, the recreational benefits had to be adjusted by the tax base ratio for
that givenyear. Thiscomputation takes the 1964 baszar recreational benefits aadds the
difference between the particular year and the 1993 recreational benefits then divides by the tax base
ratio for that particular year. This method determitined there were $3,617,000 in acttetal
recreation benefits or $912,000 greater than the estimated recreational benefits.
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northeastern Florida and includes the Atlantic AN ¢
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Ocean shoreline communities of Atlantic
Beach, Neptune Beach, angacksonville
Beach, as well athe MayportNaval Station
(see Figuré-6). Asearly asl834,this area
suffered extensive instability and erosion. The
erosionand damage to the beadgawalls,
and oceanfront property were greatly
accelerated andnagnified during storms,
especiallythe storms of 1925, 1932, 1947,
1962, and Hurricane Dora in 1964.
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(b). The authorized project | == ®° & G |5
consisted of restoration of the temles of '

S
shorelinewith a 60-foot berm at elevation ,[(“ =
+11.0 feet MLW and natural seaward slopes LM v‘:{\“\i :
to intersection with the existing bottom. Initial el =
beachrestoration was completed in the 1978 D e oy W
to 1980 period. Periodic nourishments were I' \\lw STJ0RNS couNTy - 5
done in 1985-1987, and again in 1990. |\ - )

Figure 5-6 Duval County, FL
(2). Analysis of Benefits g Y

(a). Calculation Storm damage prevention benefits for the project were determined
using an empirical computer model developed by the Jacksonville District called the Storm Damage
Model (SDM). The extent of damages to upland developarengenerated as a resuliaohual
shoreline position change and the damage probabilities from frequency vs. storm-induced recession
data. The estimated market value of lands and improvements along the coast of Duval County used
in the analysis was based upon the May 1989 market.

(b). Storm Damages PreventeSeptember 1979 and October-Novenit$f9 storm
events occurredpproximately 1 year after constructiontbé project segment north aflantic
Boulevard. If the project hadot keen in place, these storms would have caused damages of
$1,818,900 and $79,00fespectively, according tihe model. By October 1980, construction of
both the north and south segments of the project was complete. Northeasters occurred in December

V-24



Benefits of Shore Shoreline Protection and
Protection Proiects Beach Erosion Control Study

1980 and February 198Without the project in place, these storms would have caused $79,000 of
damages. Another northeaster in October 1981 prevented an estimated $321,000 of damages, and
the storm tide associated with the event3asfuary and February 1983 prevented approximately
$79,000 in damagps. The storm tide associated with the "Turkey Day Storm" of 1984 corresponds

to a 25 to 30 yeaeturninterval. The resulting storm-induced beach recession would have been
between 169 and 178 feet withdlkiée project, and would have caused damages of $25 million. The
"Halloween Storm" of 1991 storm tide corresponds to a 5 to 10rgeanintervalstorm event.

Such a return interval would result in storm-induced beach recession of 75 to 110 feet, and damages
of $4.5 million without the projectTotal damages prevented by the project to date are estimated to

be $32million. If these estimated benefits based on astoams were spread out over the life of the
project (i.e. from 1979 to 1993), they would average $2.3 million dollars per year.

(c). Estimated BenefitsThe Section 934 of WRDA ‘86 Study report estimated the
annual project benefits to be $5.9 million, with a benefit cost ratio of 1.7.

f. Palm Beach Caty, Florida - Delray
Beach ‘L!’

(1). General Descriptian C'TYL'M'TA
(a). Delray Beach is located oi = M o

the lower Atlantic Oceaooast of Florida about / CONSTRUCTION

50 milesnorth of Miami Beach (see Figure 5

7). The project was authorized in 1962, arjd

provided for initial beachfill and periodic | oeraysgack

nourishmentfor an 8.4mile segment between

LOCATION

ATLANTIC AVE.

South Lake Worth Inlet and Boca Raton Inlef. §
In 1972, theCity of Delray Beachrequested souTH N
Federal financial assistance for &.7 mile o CONSTRUCTION S
. . <
segment of Delray Beach. This segment is the =V soun v g
project discussed below. CONSTRUSTION

SOUTH
CITY LIMIT

(b). Initial beachrestoration
took place during June and July 1973. A totj
of 1,634,50Qubic yards of sand wakedged HIGHINAY
from a borrow area located about 2500 fet
offshore and was placed on a reach of shqgg
extending 2.62niles fromthe north boundary Figure 5-7 Palm Beach County, FLDelray
of the city. Excess materiaR94,500cubic Beach

_—@-..
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yards, was stockpiled on the north end of the project. The construction cross-section of the project
had a width of 100 feet atean high water and an elevation of +9 feet NGVD. Nourishments were
completed in 1978 (701,266 cu. yds.), 1984 (824,000 cu. yds.), and 1992 (1,052,000 cu. yds.).

(2). Analysis of Benefits

(a). Calculation The evaluation of benefits realizeithceproject construction is
based on information containedtire Section 934 dWRDA ‘86 Re-evaluatiomeportwhich was
done in 1990. Storm damage prevenbenefits for the project were determined using an empirical
computer model developed bye Jacksonville District callethe StormDamage Model (SDM).
Damages to upland developmen¢ generated as a resuliaohual shoreline position change and
the damage probabilities from frequency vs. storm-induced recession data. The estimated market
value of land and structures was based on 1990 price levels.

(b). *Actual” StormDamages Preventedlhree major storms have impacted the
Delray Beach arearge the project was constructed. The first was Hurricane David in 1979 which
generated a storm tide of 4.0 feet. The associated storm, induced recession (without the project) was
estimated to be 87 feet, resulting in $2.4 million in dawvagrhe second storm was the "Turkey Day
Storm" of 1984 which would have caused storm induced beach erosion of 101 feet had the project
not been in place. This recession would have caused antedt#$a4 million in damages. The third
storm was the Halloween Storm of 1991. Damages were estimated to be $2.4 million, the same as
for Hurricane David. Based on this analysis, the Delray Beach project has prevented approximately
$8.2 million (1990 price leel) in damages to upland development since its cartgiruin 1973.
Over the project's 20 years of existence, this amounts to an average of $0.4 million per year.

(c). Estimated Storm Damage Reduction Benefitspected average annual storm
damage benefits to upland development for the Delray Beach project were $1.8 million (1991 price
level) in the Section 934 Re-evaluation Report.

g. Broward County, Florida, Segment II, Hillsboro Inlet to Port Everglades

(1). General Descriptian

(a). Broward County is located on the lowlantic Ocearcoast ofFlorida, just
north of Dade County (Miami Beach) (see Figure 5-8). Section Il covers the central portion of the
county. The Broward County, Florida Beach Erosiont@l and Hillsboro Inlet Navigation Report
(March 1963) was itiated by application of the Broward County Board of County Commissioners
(BCBCC) datedMarch 1960. The BCBCC requested the study due to erosion alonguihigy c
shoreline whichwas undermining orthreatening to undermirghorefront structures. The study
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covered the entire 24ile coastline oBroward County.

The purpose of the study was teterminethe best
method of restoring anehaintainingbeaches, awell as N

navigability in Hillsboro Inlet. PROJECT

LOCATION

24
/' HILLSBORO
[ INLET

=
=]

(b). The authorized beach erosion contr1l

project provided for restoration of a protective beach toja
general width of 75 td.25 feet with derm elevation of
+10 feet above mean low water and periodic nourishmjrrlt =

as needed and justified for the first ten years of project life.
Three separable segments were identified in the authorizjng
document. This summary pertains ®egment I,
Hillsboro Inlet to Port Everglades Inlet.

g B :

(c). Initial restoration was completed along =
approximately 3.2 miles of shoreline in 1970. The volunmje 2 ] ~ ’
of material placed was approximatelyl million cubic = N
yards. The project was constructed by the non-Fedefal } %‘; <

sponsor and later reimbursed by the Federal governmgnt. &
In 1976, Federal participation in theost of periodic /2@1@&
L

hygth
AU
e

5 T8
nourishmentvas extended to 15 yearsjtil 1985. The | ;h/ = 3
first nourishment was done in 1983 and consisted of the F" 2 |
placenent of 1.9 million cubic yards of material along 5.4~ Uie <L | <
miles of shoreline starting at Hillsbonolét and proceeding f‘»-ﬁ ( B
south to Lauderdale-by-the-Sea. Fo’gﬂﬂ[%} b
LAUDERDA\LEE’
(d). A Section 934 ofVRDA ‘86 Re- [\s4lllflin) <) o
evaluationreportwas prepared in 1993 by the Corps of = « . 29
Z Q

Engineers. The purpose of this report was to determing |
additional time extension of Federal participation in futur EVI  PORT

— ' EVERGLADES

)

nourishment ofSegment Il is warranted. Theport is = /7 warsor
currently (as of July 1994) under Department of the Arnfy L[\ o (“
review. i |

Figure 5-8 Broward County, FL-
(2). Analysis of Benefits The evaluation of the Segment 11, Hillsboro Inlet to Port
benefits realized since construction is based on informatierglades
contained in the Section 934 Study Report for the project
dated April 1993.

(a). “Actual” Storm Damages PreventedTwo storms of record d&ve affected
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Broward County since project construction. Hurricane David impacted Broward County in 1979, nine
yearsafterinitial construction. According to the Storm Damage Model developed by Jacksonville
District, the surge associated with Hurricane David would have caused $48.2 million in damages if
the project had not been in place. Thegarés are based on pre-project conditions, using 1990 real
estate values. Hurricane Andrew impacted the project in theyZ2mdaftennitial construction.

Using the storm damage model again, a reasonable estimate of the damages prevented by the project
during Hurricane Andrew is $96.Million. Therefore, it is estimatetthat the Broward County -
Segment |l project has prevented about $144.2 million in damages to upland development since its
construction in 1970This amounts to an average annual figure of $6.3 million (1990 price level).

(b). Estimated Stornbamage ReductioBenefits The 1993 Section 934 Re-
Evaluation report estimated average annual storm damage benefits of this project to be $8.6 million.

(c). Recreation BenefitsThe average annual recreation benefit for the project was
estimated to be $ 0.6 million.eBch attendanceaerds for Pompano Beach indicate that 2.6 million
people used the beach for recreation in 1990.

h. Broward County, Florida- Segment Il - Port Everglades to the South County Line

(1). General Descriptian

(a). The Broward County, Segment IlI project is located on the lower Atlantic Ocean
coast of Florida. lincludesthecommunities of Hollywood and Hallandale, anstate park (see
Figure 5-9).

(b). Initial restoration was completed at ttate parkapproximatelyl.5 miles of
shoreline adjacent to the Port Everglades Inlet south jetty, in 1977. The volume of material placed
was approximately 1.1 milion cuby@rds. The first nourishment of this shoreline was completed in
1990, and consisted of placement okatimated 603,000 cubic yards of sand. Initial restoration of
5.3 miles of Hollywood/Hallandale shorelmas completed in 1979. The volume of material placed
was approximately 2 million cubic yards. The first nourishmetit@Hollywood/Hallandale beaches
was completed in 1991, and consisted of the placement of 1.1 million cubic yards of sand.

(2). Analysis of BenefitsThe evaluation of the benefits realized since project construction
is based on information containedtie Section 934 dfVRDA ‘86 StudyReport dated October
1990.
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(a). “Actual” Storm Damages Prevented L:fD’:RB!I\}HE\;? /|

Hurricanes David and Andreare thetwo storms of %ﬁwﬁk‘*ig \
record that have affected Broward County since projeck Jf% NS =
construction. The surge associated with both hurricangs
corresponded to a ten to twentgarreturn interval
storm event. This would have resulted in storm inducegl
beach recession of 90 140 feet if the project had not
been there. The estimated damages prevented by the
project during theswo huricanes total $11.nillion

, using 1990 reatstate dollars, capproximately $0.8
million per year forthe 14year periodsince initial
construction was completed. This can be compared E
the average annual storm damage benefits expected for
the project area of $2 million (from the Section 934 Re/

evaluation Report).

PORT
EVERGLADES
HARBOR

(b). RecreationBenefits Expected
annual recreationbenefits for this project are $1.1
million, but no information was available astual beach
attendance.

DADE COUNTY

|

Figure 5-9 Broward County FL-
Segment lll, Port Everglades to
i. Manatee CountyfAnna Maria Island), the South County line

Florida

(1). General Descriptian

(a). Manatee County is located on the Gulf of Mexico shore of Florida about mid-way
up the coast (seeigure5-10). The authorized project consisted of restoratioB.fmiles of
shoreline of Anna Matria Island with a 50-foot berm at elevation +6 above mean low water and natural
slopes as would be shaped by wave action. Periodic nourishment was authorized for the entire 7.5

miles of the island.
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(b). The September 1991 Genergt

Design Memorandum describes several modificationg to "% K= NEET

the authorized project. Thaitial restorationlength '

was extended to 4.@iles of shoreline. Thedesign x@ Ay

section was changed to a 75-foot berm with nine yefrs il

advance nourishment. Initial beaokstoration took ANNA )MAR.A  MANATEE o

place from December 1992 to Marchi993, and IS TR

consisted of the placement of 2.2 million cubic yards jof \

material. A 0.5 mile taper was addedrs south end of 2 jgﬁ =z

the initial fill to reduce poteatial end losses. Removal of Q\RQMAB AYSOU;/

derelict groins and other debris from the beach dispgsal (
LONGBOAT BRADENTON

area was also added as a project feature.
(2). Analysis of Benefits PASS k
GULF \%‘ A\

(a). “Actual’ Storm Damages Preventeq
The "Storm of the Century" is the one storm of not "wexico

since the project was constructed. This storm occurfe N

in March 1993,less thantwo weeks after project RA” : \‘y
completion. Tidedata from NOAAincluded a peak counTr ) T

surge of +5.85 feet NGVD at Clearwater Beach fn \ e j
PinellasCounty, Florida, about 20 miles north of Ann \ % }
Maria Island. This exceeded the design elevation of :

Manatee County Shore Protection project of +5.0 fgghyre 5-10 Manatee County, FL-

NGVD. No upland development wadversely affected ponna Maria Island

in the project area. The surge of tlsorm

corresponded to a 10 to 20 yeaturninterval storm

event, which would have resulted in storm-induced beach recession of 132 to 167 feet if the project
had not been there. Based on Jacksonville DistricttefSDamage Model for the Manatee area, this
recession would have caused damages of approximately $12 million.

(b). Expected Storm Damage Benefisxpected annual storm damage benefits of
this project (from the 1991 GDM) were $3.8 million.

(c). Recreation BenefitsRecreation benefits were estimated at $167,000 for the first
year of project construction. Beach counts have not been taken to verify if the estimated recreation
benefits have been realized.
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PROJECT »!
LOCATION )

J. Pinellas County, Florida - Sand Key
Segment

CLEARWATER &/ ‘
PASS

CLEARWATER

(1). General Descriptian

(a). This Gulf Coast area of Florida is
bounded by Clearwater Pass on the north, Clearwatgr
Harbor and Boca Ciega Bay on the East, on the soufh
by Johns Pass, and on the west by the Gulf of Mexicg.
The entire gulf shoreline of Sand Key, which is abou
14.2miles in length, includes the cities of Clearwater
Beach, Belleair Beach, Belleair Shores, Indian Rockp
Beach, IndianShores, Redington Shoreslorth
Redington Beach, Redington Beach and Madeirg
Beach (see Figure 5-11).

/7 HIGHWAY
’ 595

(] Lake
| 'sEMINOLE

(b). Erosion problems ithe project
area promptednany private owners to construct
seawalls, bulkheadgroins and revetments prior to
1950. Many additional seawalland groins were
added immediately after a severe hurricanEis0. In
1957, thecity of Madeira Beach built 3@roins over
its entire frontage. In 1961, tlogty built a curved
jetty on the north side of John's Pass and placed about 30,000 cubic yards of fill immediately north
of the jetty. In 1975, the City of Clearwater Beach completed construction of a curved jetty on the
south side of Clearwater Pass. Maintenance dredgirntheofederalnavigation project for
Clearwater Pass in 1977 placed 186,000 cubic yards of fill on Sand Key just south of the jetty. The
city of ClearwateBeach place@bout 600,00@ubic yards of material ofine beach jussouth of
Clearwater Pass during 1982-83.

Figure 5-11 Pinellas County, FL-
Sand Key Segment

(c). Construction of a breakwater at Redington Shores was completed in January
1986. Rehalbtation of the groin on the nortkide of Johns Pastue to damages caused by
Hurricane Eleng29 August - 2 September 1985) was completed in September 18&ial
restoration of the beach at Redington Beach/Redington Shores was completed in 1988 through the
placement of approximate880,000cubic yards of material along the 1.5 miles of shoreline south
of Indian Shores. Work performed under this contract included the lowering of the crest elevation
of the Redington Shores breakwater to 0.0 feet MLW. Initial restoration of 2.65 miles of shoreline
at Indian Rocks beach was completed in January 1991 with the placement of 1,325,000 cubic yards
of material. Initial restoration of 2.57 miles of shoreline at In@hares was completed in December
1992 with the placement of 1,002,000 cubic yards of material.
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(d). The first renourishment of the project was accomplished in 1992. Approximately
58,000 cubic yards of sand were placed along tiitnemnmost 1800 feet of North Redington Beach
to offset excessive end losses.

(2). Analysis of BenefitsThe evaluation of benefits realized since project implementation
is based on information contained in the Limited Re-evaluation Report and Environmental Summary
for the Pinellas County, Florida Beach Erosion Control project dated April 1994.

(a). “Actual” Storm Damages Prevented

((1)). On March 13, 1993, the project area was hitsipan event referred to as the
"Storm of the Century". The tideydrography from the NOAA tide gauge at Clearwater Beach
indicated that the storm surge in the project area lasted for approximately 15 hours with a peak storm
tide of +5.85 feet NGVD. The storm's peak tide overtopped the pobgjach berm elevation of +5.2
feet NGVD. Nodamage to upland developmeacurred in the project area. Based on storm-
induced recession modeling, this storm would have caused a recession of 150 to 170 feet in Pinellas
County, and damages of between $78 and $129 million if the project had not been there.

((2)). Prior to construction of the Samay project, HurricaneElena (1985)
destroyed or caused substantial damage to 11,000 feet of seawalls and bulkheads and substantially
damaged 80 majastructureswithin the limits of the project area. Based upon the resthte
appraisal data obtained for the reevaluation report, the average per structure value of the front row
development alonghe projectshoreline is$800,000. The replacemeabst perlineal foot of
concrete bulkheadan be estimated as approximately $g@0lineal foot. Therefore, a damage
estimate based on 1993 values for damages caused by Hurricane Eleriataioajigproximately $68
million.

((3)). Hurricane Eleng@roduced a peak storm tide of +4.5 feet NGWBich
corresponds to a 7-year returierval storm event, based on surge. The March 1888m
produced a peak storm tide of +5.85 feet NG\M&Elventhe comparison of storm events and the
estimate of observed damages caused by Hurricane Elena, $78 million is a reasonable estimate of the
storm damages prevented by the project during the March 1993 storm. If the $78 million in benefits
based on actual stormasere sprea@venlyover the 6years sincéhe project was constructed, the
average annual damages prevented would be $13 million.

(b). Estimated Storramage Reduction Benefit&xpected annual storm damage
reduction benefits, from the 1994 Limited Reevaluation Report, are $19 million.
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k. Grand Isle, Louisiana

(1). General Descriptian

(a). Grand Isle is an island located
twenty five mileswest of theMississippi River,
across the Barataria Bay in the Gulf of Mexico. The
island isroughly 7 miles long and is about 3/4 mile
wide (see Figur®-12). Prior to 1951, thisland
had no comprehensiapproach for the control of
beacherosion. Individuals tried to protecttheir
property by constructinulkheadghat generally
accelerated beach erosion.

LOUISIANA

LEGEND
= JETTY

(b). In 1958, the state authorized the
construction of a jetty at the eastern end of the |
island. During the 1970sdditional protection / pass
measures were authorized by the State of Louisiana GRAND ISLE AND VICINITY
and Federal government. In 1983, the Corps began LOUISIANA
construction of a fnile beach with a vegetated
dune in conjunction with a jetty at the western end
of theisland. Both sections of the project were Figure 5-12 Grand Isle, LA
completed in 1984.

CAMINADA

(c). During the 1985 hurricane seasomg¢hhurricanes created high tides and strong
wave action along the shoreline. The successive hurricanes resulted in erosion of 6,000 feet at either
end of the dune. In 1987, the Corps restored the dune, nourisheddhehbd extended both jetties.

In 1990, the first periodic nourishmemas placed in conjunction with the restoration work of 1987.

(2). Analysis of Benefits The benefits for this project were based on erosion prevention,
inundation reduction, anthtensification. While the project's 1978 GDMeport cited area
redevelopment and recreational benefits, the project was ineligible to claim these benefits in the 1986
Reevaluation. The Grand Iskeea, under curreguidelines, is1ot qualified as a "substantial and
persistent” unemployment area. Therefore, area redevelopment benefits from employing previously
unemployed laborers could not be claimed. Recreation benefits were excluded because the dune in
the area of the state park was virtually intact and still providing 45 to 50 years protection.

(a). “Actual” Storm Damages Preventddamages prevented based on actual storms
were calculated for the largest of thistorical stormshrough the use of a storm damanyedel.
Damages prevented by the project during Hurricane Juan in 1985 were estimated to be $14 million
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in 1993 dollars. In 1992, Hurricane Andrew occurred and the project prevented an additional $21
million dollars of damage it993 dollars. This is a total of $35 million in damages prevented based
on actual storms. If this figunsere sprea@venlyover thenine yeatife of the projectannual
damages prevented would be $3.9 million.

(b). Estimated Storrdamage ReductioBenefits Based on the 1978 GDM, the
Grand Isle project was expected to prevent $1.1 million in damages annually.

F. SUMMARY

1. Storm Damage Benefit Performandeach of the 11 projects examined in detail in this chapter

IS unique. Summarizing their performance is a challenge. TBaBlelraws togethesome key
indicators tasummarizeproject performance in terms of storm damhbgeefits. When reviewing

Table 5-2, one should keeprmind thatall benefit numberare generated wittmodels; none are

actual measurements. Also, because of the storm dan@igingmethodology, a major factor
affecting the "actual” storm damage benefits is the incidence of storms during the life of the project.
This factor is unknown at thiene of project evaluation. Therefore, estimates must be based on
"normal” weather patterns arithormal” incidence oktorms. If the projedife turnsout to be

stormier than normal, then the storm damages prevented will likely be higher than predicted, and vice
versa. Percentage differences between actual annual storm damage benefits (averaged over the life
of the project) and predicted average annual storm damage benefits are presented in Table 5-2. Of
the 11 projects, six had actual storm damage benefits higher than expected and five had actual storm
damage benefits lower than expected. As mentioned above, the number and severity of storms are
likely to have been significantfactor here. Some projects have simply not had an opportunity to
demonstrate their damage prevention capabilities because they have not been confronted with major
storms.

2. Recreation Benefit PerformancéActual” recreation benefits were measured for only two of the
11 projects.Virginia Beach, VA reported $496,000 in actual annual recreation benefits compared
to $115,000 inpredictedannualrecreation benefits. Carolina Beach, NC calculdkedtotal
cumulativerecreatiorbenefits to be $3,616,700, significantly higher than the predicted cumulative
recreation benefits of $2,705,000. Sdhaltgh Carolina Beach had less storm damage benefits than
expected, the recreation benefits for that project were higher than expected.
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Table 5-2 Storm Damage Reduction (SDR) Benefits Comparison Table
for Selected Projects

Project Years "Actual" SDR | Predicted SDR Benefits Percent
Project has Benefits from most recent project Difference
been in (average evaluation between Actual
place annual) (average annual) and Predicted
million $ million $ SDR Benefits
Rockaway, NYC 19 6.4 3.4 88
Ocean City, MD 4 23.3 13.5 73
Virginia Beach, VA 30 6.9 6.6 5
Carolina Beach, NC 29 1.9 4.1 -54
Duval Co., FL 16 2.0 2.2 -9
Palm Beach Co., FL - Delray 21 0.4 1.8 =77
Broward Co, FL - Segment II 24 6.0 8.6 -30
Broward Co, FL - Segment Il| 14 0.8 2.0 -65
Manatee Co, FL 2 6.0 3.8 59
Pinellas Co, FL - Sand Key 9 8.7 4.9 77
Grand Isle, LA 9 3.9 1.1 254
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CHAPTER 6 - THE IMPACT OF CORPS SHORE PROTECTION
PROJECTS ON DEVELOPMENT

A. INTRODUCTION

1. Objective The purpose dthis investigation was to ascertain whethéederallysponsored
projects increased the rate and extent of development in protected areas, i.e. whether they induced
development.

2. Coastal Growth Rate®eachfront communities all over the United Stdtase experienced fairly

high rates ofresidential development in comparisonntandcommunities. For the 42 beachfront
communities identifiedor intensive statisticadnalysis in thichapter (see Tabk-1), theaverage

annual rate of growth in housing units over the 33 year period from 1960 to 1992 was 3.9 percent.
This is more than 50 percent above the average annual growth rate of approximately 2.4 percent for
the entire nation. There is a concern that the high rate of growth in coastal areas may be artificially
stimulated by programs of the Federal government, with the National Flood Insurance program and
the Federal shore protection program receiving particular attention.

3. Growth Rates and Corps Projeckeasuring induced development is difficult. Given that U.S.
Army Corps of Engineers (Corps) projects are evaluated based on potential damage avoided, shore
protection efforts are concentrated in areas that are already heavily developed. Turning again to the
data base on the 42 beachfroatmnmunitiesfor this studythe averag@nnualrate of growth in

housing units in the 30 communities that had Corps activity at some time during the entire 1960-1992
period was 4.1 percemthile the rate of growth in the 1@mmunities wheréhe Corps was not

active was3.8 percent. However, theeasurement of induceplowth requireshat onecompare

rates of growth with and without, and before and after Corps projects are implemented. In this same
data set, the rate of growth in housing units during periods when there was a Corps-sponsored project
active in a communityasonly 3.7 percent, compared to 4.9 percent for years when there was no
Corps activity. Inother words, for those areesceivingCorps projects, the rate of growth in
residences was higher before the Corps project was approved than afterward.

4. Question of CausalityThese snple shtistics suggest a real potential for confusion regarding
induced development. The benefit-cost criteria usgdstdy Corps projects requirsubstantial
existing development, artdus substantial previoggowth, in order tagain approval. Therefore,

many high growth communities are selected for Corps projects, making it easy to confuse continued
high growthfollowing initiation of aCorps shore protection projestth growth that would have

IGiven the extensiveness of such an endeavor, a separate IWR research effort was undertaken and a report was
produced. This chapter represents an abridged version of that investigation and report. For the complete discussion of
this topic, see IWR Report 95-PS-1, “Shore Protection and Beach Erosion Control Study, Economic Effects of Induced
Development in Corps Protected Communities” .
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occurred without the project.Given the difficulty of separating the forcethat drive coastal
development, it is understandable that there is some disagreement about the extent to which Federal
shore protection programs encourag€induce” development in coastal areas. Critics of shore
protection programs believe that such programs encourage significantly more development in coastal
areas, and thereby impose costs on society by increasing the amount of property that is exposed to
risk from storm damage and beach erosion. This view is disputed by others who contend that shore
protection results in little, if any, induced beachfront development.

5. Research Methodologyl'he research summarized in this chapter was conducted in two stages.
First, a model othe determinants of beachfront development was formulated basswbmomic

theory. Second, three independent empirical tests were executed simultaneously in order to evaluate
whether such theory is actually a sound reflection of the relations between the variables modeled in
practice. Thesempiricaltestsincluded: a survey of beachfront homeowners; an econometric
analysis of 4beachfront communities; and, a spatial housing price appreciation analysis over time

in three selected Florida counties.

B. ECONOMIC THEORY OF SHORE PROTECTION AND INDUCED
DEVELOPMENT

1. Model Specification To address the broad questionsirmfuced development, a general
theoretical modeWwas formulated of how shore protectionght affectthe location of private
investment in coastal areas and at other alternative sites. This model is used to compare the pattern
of economic development in coastal areas that would be observed with and without programs that
lower expected economic losses from storms suffered by cpaspdrty owners such as shore
protection and the National Flood Insurance program. A complete descriptiois ofodel is
contained in the report referenced as footnote 1.

2. Induced DevelopmenfTo explore the relation between shore protection and coastal economic
development, it is necessary to develop a general niwakallowsone toexaminenot only how

shore protection affects economic developmerihabeach beingrotected, butlso atother
beaches, and elsewherdhe economy. Such @atonomy-wide perspective is needeaider to

properly analyze the two distinct potential sources of induced development, as defined below. The
model is set up to explore the circumstances under which induced development may result from shore
protection projects. However, theory cannot establish the magnitude of induced development. The
tests presented later deal witie empiricalquestion of measurindpe magnitude othe possible

induced development effects which are identified by this theory. However, it is important that these
empirical tests be logically consistent with the theoretical model developed.
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a. Relocated vsAdditional DevelopmentRelocated development represemduced
developmenthat would have occurred in anotheachfront area, but insteadsisifted to the
protected beach. Additional development consists of developghmntakesplace when shore
protection shifts development from nonbeaskas to the protectdzbach. The distinction is
important. Additional development is a net increase in the total amount of beachfront development;
relocated developmershifts the location of development from one beachfront area to another,
without affecting the total.

b. Induced Development Impact®evelopment that is induced by shore protection can have
rather different effects on subsequent flood and erosion hazard risksl] as on environmental
impacts, depending on whethée induced development is relocated development or additional
development. Relocated development results in beachfront develofreeoming more
concentrated in areas that aeatively wellprotected. Depending orthe risk of storm damage
elsewhere on the coast, such relocated development may actually reduce long run storm damage to
beachfront areas. In contrast, additional development places mordypiopeachfront areas where
storm and erosion hazards are greater than in the inland area.

C. SURVEY OF BEACHFRONT COMMUNITY RESIDENTS

1. Introduction Economic theory indicates that induced development can occur at a protected beach
when a Corps project lowers expectations of future storm damage problems. This suggests that the
mere approval of aarea for study or future protection coufdluce development there is a
perception of a Corps guarantee of reduced future damagesprimtipal results of a survey
conducted in beachfronbmmunities facing significant erosion problems are presented below. The
survey was designed to answer a number of questions about the perceptions of homeowners in these
areas. Do property owners perceive the danger of economic losses from storm damage? Are they
aware of the rolplayed byshore protectiomctivities of the Corps in mitigating these losses? Do

they perceive &orps guarantee of reducddmages”™ow does the presence of active Corps

project influence theiperceptions of the role of the Corps providing protection? Do all
homeowners have similar perceptions or are thdegalifces based on their personal characteristics?

2. Survey To answer these questions about resident percepti@syey wasconducted in
beachfront communities where erosion and/or flood dathaigats were significant. The areas were
selected to reflect &evel of Corpsactivity from zero tosubstantial. The results allow some
inferences to be drawn about whether residents are actually aware of storm and/or erosion hazards,
as well as programs such as insurance, that spread the risk of loss from such hazards, and Corps shore
protection projects that mitigate such risks. The most important inferences to be made concern the
factors which cause homeowners to perceive the Corps as an actual or potential solution to problems
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of erosion or flooding. Survey questions were designed to determine if the presence of Corps activity
in an area is perceived as providing a guarantee, ra@alpticit, of reduced future damages. The
perception that Corpactivity provides a reduced risk could lower expected future damages in the
fashion illustrated bthe economic theory. If a Corps project in an area results in such perceptions,
then it could encouragsignificant amounts of induced development. Convers&iure of
homeowners to viewhe presence of Corps projectspasviding significant relief fronerosion
hazards would indicatéhatinduced development affects associated Witinps projects could be
negligible.

3. Bias As is the case with all surveys, some caution must be exercised in interpreting the results.
Survey respondents were necessarily told that the survey was being conducted by the Corps, which,
almost inevitably, should hawkkawn attention to the agency. This Corps identification bias could
have two effects on their answers. First, the knowldtge respondents wemspeaking to a
representative of the Corps shoultthke them more aware tiie role of the Corps in shore
protection. Second, some respondents could behave strategically and overstate their concerns about
beacherosion in order tgive the impression that Corps projects were needed. Surveying owners

of beachfronproperty could also introduce selection bias because ownership of such property may
reflect certain attitudes toward erosion and flooding hazards. Other things being equal, individuals
purchasing and continuing to own beachfront real estate are likelyassbeoncerned about flooding

and erosion thasimilar individualswho are nowilling to purchase such propertyGiven that
perceptions of risk varjthose whohold risky assets ardékely to havelower estimates of the
likelihood of loss tharthose who do ndtold such assetsinally, there is &vays a problem of
response bias which arises because individuals most concerned with an issue are most likely to take
the time to respond to a survey.

4. Area Surveyedin order to elicit responses from property owners who had a range of experiences
with Corps beachrpjects, the survey was administered in three different types of beachfront areas.
One area was made up of adjacent beachtommunities in which problems of erosion had caused

the Corps to become active in some, taitall, of the communities. Tharea selectethcludes
southern Duval County, Florida (Jacksonville, Atlantic, Bleghtune beache#)athadprotection

projects and norther&t. Johns CountyPonte Vedra), where the Corpasnot beeractive. The

survey was also administered in an area where two adjacent beaches both have had Corps projects.
This area is neaWilmington, North Carolina, and includetsvo beach areas, Carolina Beach and
Wrightsville Beach. Finally, the survey wadministered in an area with beaches that have no Corps
projects. This thirdyroup ofadjacent beaches was in New JersehénManasquan area where
erosion problems have recently received considesdtdation. The Corpsasnot beeractive in

these areas, but there are proposals for agtiity. Thus,the samplewas selected to elicit
responses from property owners in beachfront areas with different ranges of Corps beach protection
activities: an area of adjacdeachfront communities with Corps projects at each beach; an area of
adjacentbeachfront communities witGorpsactivity at somebut notall beaches; and an area of

Vi-4



The Impacts of Corps Shore Shoreline Protection and

Protection Proiects on Develoement Beach Erosion Control Study

adjacent beachfrombmmunities with no Corps projects at any beach. The specific areas selected
for the survey were the first and second row of beachfiesidential single family housing. Housing

units were surveyed consecutively. No attempt was made to stratify the sample by type of housing
unit or by demographic characteristics of the occupant. Instead, the sample was stratified in order
to produce approximately equal numbers of observations from the three areas.

5. Administering the Surveyin order to minimize response bias, attempts were made to get a high
response rate by makinige cost ofresponding as low as possible. Fitee questionnaire was
administered by enumeratosho wentdoor-to-dooralong thefirst and second row of housing in
beachfront areas. Secotite questionnaire was short, so that it could be administered in about ten
minutes. Thirdthe questionglid not require factual responses which would necessitate searching
records. Lastly, individualsweregiven the option of filling out the questionnaire and mailing it in.
The survey was limited to homeowners.

6. Questionnaire

a. Design The guestionnaire was designed to elicit information on the characteristics of the
property and the attitudes of the homeowner. Specific attitudes included: awareness of flood and
erosion risk, importance of insurance, and perception of public sector efforts at protection. A copy
of the questionnaire is included in Appendix F. Questions were adapted from those approved for use
by the Office of Management and Budget, OMB 0710-0001.

b. Role for the CorpsQuestions regarding the rolemfblic agenciesvere designed for
open-ended responses, and were placed at the end of the questiondee o reduce the problem
of Corps identification bias noted earlier. Three different approaches to this issue were taken. First,
respondents were asked if the local beach was threatened and why they felt that the threat did or did
not exist. The Corps could beentioned either as a reason for lack of concern, orpassble
source of relief fronthe threat. This response indicatabe perception of general role for the
Corps. Second, there was a question about the rplgbti€ agencies iwhich respondents were
asked to record all names of agencies perceived to have taken actions to reduce any problems. This
guestion asked about the specific role of the Corps. The third approach asked about activity of local
agencies. Given that cost sharing is required for Corps projects, it is possible that individuals attribute
Corps activities to local agencies. The response to this question allows determination of any indirect
role for the Corps acting through local agencies.
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7. Survey Results

a. ResponseA total of eighty-nine questionnaires were completed. The survey responses
were divided almost equally between the Florida, North Carolina, and New Jersey beachfront areas.
Beach erosion is significant problem ithese areas; 39 percent of the respondents had observed
erosion damage to either their own propertyearbyproperty. Furthermore, over 25 percent of
the respondents felt that this erosion had a moderate or large effect on the sale price of their homes.
The majority of households responding to the survey (over 70 percent) participated in the National
Flood Insurance program. These results sudggktlevels ofconcern with erosion anstorm
damage.

b. Awareness of the Corpswareness of Corps activity among beachfront property owners
was remarkablyow. In response to a question designed to reveal the general role of the Corps in
relation to local storm damage or erosion problems, public agencies were not mentioned often, and
the Corps was mentioned by less than 10 percent of the respondents. When responses regarding the
specific role of the Corps were elicited, over 20 percent of the respondents mentioned the Corps, and
it was clearly more important than othgublic agencies.However, a third questiowhich was
designed to determine an indirect role of the Corps resulted in a pattern of responses where the Corps
was mentioned by only 10 percent of those surveyed. This level of recognition was higher than the
rate at which specific local agencies were identified, but it is still quite low considering the fact that
the Corps has long-standing projects in three of the six beach areas.

c. Interpretation It is tempting to conclude from these summary statistics that the Corps is
perceived as being more important than local agencies in dealing with storm damage or beach erosion
problems. However, these results could be due to Corps identification bias which causes recollection
of the Corps to crowd out other entities. Indeed, given the likely presence of Corps response bias,
it is surprising that the rate at which the Corps is mentioned in response to separate questions on the
general, specific, and indirect role is not higher. This suggests that the perceived connection between
Corps activities and coastal flooding or beach erosion problems is not strong. It is evident that the
Corps is not widely regarded as a solution to these problems.

8. Cross Tabulation

a. General Given the small sample size, some caution must be exercised in interpreting the
responses. Nonetheless, some simple cross-tabulations allow the sample to be disaggregated so that
the relations between household characteristics and perception of storm damage or beach erosion
problems and the Corps can be examined. Years of residence is an obvious factor influencing such
perceptions. Less obvious, pgdtentially importangiven requirement®r Corps projects, is the
influence ofincome. Because Corps projects require provision for public access, it is possible that
more affluent, exclusive communities find them less attractive. Although the survey did not ask about
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income directly, number of bedrooms in the house provides a reasonable proxy variable for income
and/or wealth.

b. Length of OwnershipThere appears to be a relation between length of home ownership
in years and the perceived threat of flood damage to real estate or erosion damage to the local beach.
Overall, it appears that more recent owners are slightly more likely to feel threatened by flooding or
erosion problems. As for the relation between length of home ownership and mention of a role for
the Corps, th@robability of mentioninghe Corps in response émy ofthe three questions on its
role, increases with time of ownership. This result is logical. As time passes, homeowners can
observe Corpsactivity, and also observihe actual threat of storm damage and erosion. An
interesting relation is that the more recent investors in beachfront property, who perceive the threat
of erosion and storm damage stronger than those older residents, and who also have less knowledge
of the Corps' risk-reducingctivity, are thoseeconomic agents who ameakingthe investment
decision. They are making the decision to invest with a greater awareness of the threat, but without
knowledge of the activity by the Corps.

9. Conclusions Perhaps the mostmarkable result ie finding that the presee of an active

Corps project at th