
7 ADA135 614 THE DEVELOPMENT OF NONSTRACTURAL ALTERNATIVES(U) CORPS I/a.
0F ENGINEER S ST PAUL MN ST PAUL DISTRICT MAY 79

ANC ASSFE F/G 13/2 N

EEIIMEIEEEMEE
EEEIEmohmEmhE-
EhhhEohEEmE



IIIII "° 6 3

1112.2

1111.25 Ill1.4 1.

MICROCOPY RESOLUTION TEST CHART

wNAT AUR O( (W STA
'

O S R . 963 -A

1*



o

I 
I

,"4,'--"- ,OA F'/ YJJW//
IW o



/
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (WRhen Dete Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETINGO
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

I/

4. TITLE (mid Subile) S. TYPE OF REPORT & PERIOD COVERED

THE DEVELOPMENT OF V9NSTRUCTURAL ALTERNATIVES;
a policy discussionthe St. Paul District.

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(*)

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

U.S. Army Engineer District, St. Paul AREA & WORK UNIT NUMBERS

1135 USPO & Custom House
St. Paul, MN 55101

I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Is. NUMBR OF PACES

103 p.

14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) IS. SECURITY CLASS. (of thia report)

IS.. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the ebetract entered In Block 20, If different from Report)

It. SUPPLEMENTARY NOTES

DTIC
19. KEY WORDS (Continue on reverse aide If necesary and Identify by block number)-

FLOOD CONTROL DEC 121983
EVACUATI ON

2& ABSTRACT (C a revers t N nee Nm aad identfy by block nunber)
This report presents the results of a study of Corps of Engineers involvement
in nonstructural flood control alternatives. It concentrates on flood
proofing and floodplain evacuation, the two alternatives implementable by the
Corps that are capable of reducing existing flood damages. Its notes that the
Corps has recommended and undertaken very few nonstructural projects to date.

Prospects for future involvement are poor. Five major conclusions are drawn
and recommendations made to effect shanges in policy and procedures.,

"'DD FORI 13 EIMTION OF I NOV 65 IS OBSOLETE
JA 73 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE ('When Del. Entered)

J.

. . . . .- 7 -
- - -.



/

SUMMARY OF FINDINGS

This report presents the results of a study of Corps of Engineers
involvement in nonstructural flood control alternatives. The study
was conducted during 1978 by the St. Paul District. It concentrates

on flood proofing and floodplain evacuation, the two alternatives
implementable by the Corps that are capable of reducing existing
flood damages. It notes that the Corps has recommended and under-
taken very few nonstructural projects to date. Prospects for future
involvement are poor without changes in policy and procedures. Five
major conclusions are drawn and recommendations made to effect such
changes.

CONCLUSION 1: Many benefits of flood damage reduction projects are
not included in benefit-cost ratios.

RECOMMENDATION 1: Broaden the ptincipte o4 excluding ce)tnn finan-
ckat co4-t6 aociated with unquanfitZabte benefit4 frm the beneft-
cost rLatio.

CONCLUSION 2: The optimum time to acquire property in flood prone
areas is immediately after a damaging flood.

RECOMMENDATION 2: Seek continuing legislative authohity jor employ-
ing nont wuctu meakua immediately a6ter flood emergencieh.

CONCLUSION 3: It is nearly impossible to consider and determine the
fate of individual structures in the planning stage of a nonstructural
project which combines evacuation and flood proofing.

RECOMMENDATION 3: Smpeify pean fotmutation citexia by planning foA
tota acqu 6tion of the deign floodplain followed by individuat dib-
pozition o6 each acquired property on the baiz o4 technicat and
economic con6ideration6.

CONCLUSION 4: Most planning for nonstructural projects assumes
abandonment of floodplains as major economic resources.

RECOMMENDATION 4: Seek legi61ative authority to plan 6o4, encourage,
opt buv ng aBow the optimum compatible ume of pwject floodplains.

CONCLUSION 5: A significant lack of knowledge exists among water
resource planners and the general public regarding the characteris-
tics of nonstructural alternatives, especially flood proofing and
floodplain evacuation.

4 RECOMMENDATION 5: Educate thoe within and out6ide the Corp6 a6 to
the ch acteuAtc. o6 nonmtAtuctwua aftetnatve,6 and thei'L tim4ta-
tion6 compaued to tuctWaWc ate ratives.
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PREFACE

"Nonstructwuaa atternative (to teduce flood damage) ae
often more cost effective and tes enviuonmentatty damaging
than structutalt meauAe,6. Therefore, there i6 a need to
emphasize nontAcurtww meaezute, including eand acquiition,
withLn exiLting Fedew2 pkogtam whte con6i.tent with
primary program purposes. To accompih this objective
. . . Army i6 to ue the generat wwte' tesoucez authoi-
ti" o4 the Corps o4 Engineeu."

President Jimmy Carter, 12 July 1978, memorandum to the Secretaries
of the Army, Commerce, Housing and Urban Development, and the Interior.

"AtteAnat ive, epeciatty nonstAuctumat ot sma2-scate 6otu-
tion6 to Specific probtem6 such U 6ood6, shoutd atwayA be
investigated a6 zubstitute,6 for expenive and damaging
pr'ject6 which often do not provide effective solution
anyway."

President Jimmy Carter, 18 April 1977, statement announcing his
decisions on 32 Federal water resource development projects.

"We now took at nonsttuctuat. options a,6 the mo,6t deziAabte
soewtion to flood prwblem6 Since they cAe usualy teast dis-
'Wptive to the natural environment."

Lt. General John W. Morris, budgetary testimony before the House
and Senate Subcommittees on Public Works of the Committees on Appro-
priations, 9 February and 8 March 1977, respectively.

These statements notwithstanding, as of January 1979, no projects
using primarily nonstructural measures to reduce current levels of
flood damages have been implemented by the Corps of Engineers. It is
possible that one project will begin implementation this year in Wis-
consin with a second possible in Texas beginning in 1980. Three
others, two in Michigan and one in Georgia, have more remote chances:1 for eventual implementation. No other such projects are on the horizon,
nor do they seem likely.



INTRODUCTION

For decades, the Corps of Engineers has been involved in

structural measures (dams, levees, and channel modifications) to

control flooding. It has spent billions of dollars to construct large

and small flood control projects in all areas of the Nation. The

projects built have prevented flood damages many times greater than

their costs.

At the same time, the total dollar value of flood damages suffered

annually has been rising. This rise has resulted in part from the in-

flationary changes in dollar values and the gross increase in capital

improvements over the years as the population and economy have grown.

Many believe the increase in damages is also caused by increased

investment in flood prone areas by developers and investors who be-

lieve that such areas have been made safe by existing projects or

would be made safe by future Federal flood control projects. Regard-

less of the merits of this reasoning, flood damages are greater than

they would have been if people had not developed areas which could have

been shown by engineering studies to be flood prone.

Recognition of this fact has stimulated suggestions that alterna-

tives to flood control measures for reducing flood damages exist.

These alternatives would guide human behavior into desired paths to

reduce damages, unlike flood control measures which direct floodwaters

into desired paths. The Corps has termed these alternatives

"nonstructural." They include floodplain evacuation (temporary or

permanent), flood proofing, floodplain zoning, and flood warning systems.

Nonstructural alternatives have been available to Federal agencies

since 1938. The Flood Control Act of that year authorized Federal pur-

chase of flood prone properties and the permanent removal of developments



from the floodplain if purchase and removal would be less expensive

than a flood control project and both options were economically

feasible. In the years since, discussion and attention have focused

increasingly on nonstructural alternatives; however, greater em-

phasis has continued to be placed on structural measures.

The 1960's and early 1970's brought a period of increased

environmental awareness and recognition of the environmental problems

which could be caused by the construction of major engineering flood

control works. This awareness and recognition added perceived environ-

mental benefits to the attractiveness of nonstructural alternatives.

Ouring this period, several Corps projects which incorporated significant

nonstructural concepts were planned; some were implemented. (1) In

1969 at Prairie du Chien, Wisconsin, the Corps proposed to acquire

floodplain properties and permanently remove the developments from

the floodplain. A similar project was later planned for Baytown,

Texas. Along the upper Charles River in Massachusetts, wetland acqui-

sition is planned to preserve natural flood storage areas from future

development which would worsen flood conditions. In Littleton,

Colorado, an authorized structural project was modified to allow

floodplain land acquisition and the creation of a greenbelt to reduec

the amount of structural flood control work needed.

In 1972, a climactic event occurred with the potential to shape

flood damage reduction policies for future decades, just as the Missis-

sippi River flood of 1927 had done. Hurricane Agnes devastated large

areas in the eastern part of the country, causing major floods and

flood damages in areas, some of which had previously experienced

repeated floods. Many of these areas were protected by structural

works which were overtopped or otherwise proved inadequate.

(1) After a devastating flood in 1964, the Corps participated in a
floodplain evacuation project in Klamath, California. Under accelerated

planning and design, a flood-free site was constructed for this small
community after the flood had essentially destroyed the existing settle-

ment. The new site and the project were technically a success, but, during

the time required for building a new site, many of the original inhabitants

were forced to move elsewhere for want of a place to live in the interim.

2



Partly in response to the damages caused by Hurricane Agnes and the

great Federal expense incurred in disaster cleanup and assistance,

Congress strengthened the flood insurance program. It introduced

provisions which made it essentially mandatory for the Nation's flood

prone communities to zone their floodplains according to standards

and policies established at the Federal level.

For the Corps of Engineers, this policy was followed by the

Water Resources Development Act of 1974 which authorized several of

the above-mentioned projects for construction and specifically noted

that Federal agencies had the authority to acquire floodplain lands

for flood damage reduction and other purposes. Later presidential

orders and policy statements have been followed by or have stimulated

the writing of Corps regulations which have increased the emphasis

placed on nonstructural alternatives. Thus, for many, nonstructural

alternatives appeared to be tile wave of the future. Particularly to

those strongly motivated by concern for the potential environmental

damage caused by structural flood control works, substituting nonstruc-

tural alternatives for structural measures appears to be an environmental

panacea in the area of flood damage reduction. However, as with most

ideas that are seized as the one solution to a problem, it has become

apparent that nonstructural., as well as structural, alternatives have

many drawbacks.

The greatest inherent difficulty with nonstructural alternatives

is that they involve altering human behavior, which is more complex and

more difficult to predict and control than the behavior of the natural

world. Further, in a nation generally founded on the principle of

minimal government interference with individual behavior, resistancp

to attempts at controlling private actions within floodplains has

predictably been encountered. The widespread delaying tactics against

introducing floodplain zoning laws, the evasion of ordinances where

they have been introduced, and the weakening of the mandatory provisions



of the flood insurance program indicate the strength of the opposition.

in contrast to structural measures, which may be opposed by organized

interests often not located in or near the benefited area, nonstructura]

measures are often opposed by the residents of floodplains who would

benefit most from such programs.

Apart from this larger problea, a critical problem for the Corps

of Engineers is the need to demonF -ate economic feasibility for all

projects through the benefit-cost itio. Despite analyses of many

projects around the Nation, only ry few nonstructural alternatives

have benefit-cost ratios greater i unity. Current project evaluation

criteria insure that the small ni f economically feasible nonstruc-

tural projects is not likely to increase significantly.

These and other problems associated with the planning and imple-

mentation of nonstructural alternatives are discussed in later sections

of this report. Most of the problems became important to the St. Paul

District in its effort to develop and implement the authorized flood-

plain evacuation project at Prairie du Chien. This project, so far the

only one of its kind to follow more or less conventional Corps prs c -t

planning, authorization, and implementation routes, has been n1[-e- is ,I

model of Corps involvement and commitment to nonstructural alter:naivt,

almost since it was proposed in 1969. The flooding problems of this

community cause sufficiently high damages to give the project marginal

economic feasibility. The nature and physical location of Prairie du

Chien make the evacuation project particularly advantageous and accept-

able to the city. North Central Division and various Washington level

offices of the Corps substantially assisted in the development Pf this

project. Despite these factors in its favor, it was against strong

odds that St. Paul District was able to bring this project to the

implementation stage in 1978.

During preconstruction planning for the Prairie du Chien project,

St. Paul District received telephone calls from other District and

Division offices asking for our experience with nonstructural alternatives

4
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and the problems we encountered in implementing them. These a Ils

provided evidence that such problems are major concerns of Corps

planners nationwide in their efforts to produce implementable projects

with major nonstructural features. The intent of Congress, the President,

and policy makers in the water resources field to increase the Federal

emphasis on nonstructural alternatives appears to have created a

dilemma. This dilemma has developed because existing procedures and

regulations inhibit our implementation of meaningful nonstructural

projects (projects which reduce existing flood damages significantly

and genuinely satisfy local desires).

Procedures that require decades to move from project planning to

authorization and construction are possible to apply effectively only

when nature, with its slow rate of change, rather than society, is the

major element with which to deal. The methods and regulations designed

to measure the economic benefits of major engineering works do not count

many of the benef-ts society now apparently ascribes to nonstructural

measures. However, national environmental groups and State and regional

organizations pressure Corps ofiices to develop such solutions, en-

couraged by t.le apparent Washington support for such measures. Meanwl.il ,

few nonstructural project plans have survived thL Corps initial screeninp

process or have been recommended even at the fcasibility report stage.

In early 1978, St. Paul District proposed this study to identify an,,

recommend actions that would bring Corps capabilities of implementing

nonstructural alternatives into better balance with public statements

and perceptions concerning those capabilities. The study is based on

the experiences of St. Paul and other Districts and is designed to inform

higher authorities, within and outside the CorpS,of field level problems

and to suggest policy changes to permit implementation of nonstructural

measures. North Central Division approved the study and has provided

substantial assistance. The Office, Chief of Engineers (OCE) and

Division and District offices nationwide have provided additional support.

This report contains the results of the study and recommendations for

efficiently planning and implementing desirable nonstructural projects.

5
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GENERIC CHARACTERISTICS AND PROBLEMS
OF NONSTRUCTURAL ALTERNATIVES

Five alternatives for flood damage reduction are commonly con-

sidered nonstructural:

1. (Improved) flood warning.

2. Floodplain zoning.

3. Flood insurance.

4. Flood proofing.

5. Floodplain evacuation.

Each of these alternatives has specific problems relating lo its

tffectiveness and implementability. The first three share the character-

istic of being unable to present a near-term solution to flood damage

problems.

FLOOD WARNING

Flood warnings provided over the years by the National Weather

Service have proved invaluable in saving lives and giving people in

danger areas an opportunity to remove or protect some of their

possessions. Improvements to the warning system to increase warning

times or accuracy will likely be beneficial and cost effective. In

areas where warning times are brief, such efforts can achieve little

in the way of reducing damages to permanent improvements or hard to

move possessions. Thus, in flash flood areas, loss of life can be

minimized but the dollar value of damages can be reduced only frac-

tionally with improved flood warning. (1)

(1) Flood warning systems can be separated into predicting floods and
communicating the predictions. Communication has not received the same
attention that prediction has, with reliance placed generally on the mass
media and/or sirens. Recently, weather radios have been introduced. These
radios automatically sound an alarm when a warning signal is transmitted.
The radio is then turned on to listen to the official forecast from the
National Weather Service. Currently, these radios are geared to warn
about tornadoes and severe thunderstorms. Purchase is optional with each
person. In a hazardous floodplain, such radios could be supplied, bv
various means, to all dwellings and/or business establishments and keyed

to respond to flash flood warnings as well.

b
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FLOODPLAIN ZONING

Floodplain zoning may be regarded as a response to long-range flood

warning. The regulatory floodplain is usually an area that is expected

to be flooded on the average of once in 100 years. On the basis of this

expectation, zoning regulations discourage construction within the regu-

lated area. In this manner, zoning reduces the growth of future damages

where it is effectively enforced, but does not affect existing floodplain

development. Because it works against the perceived and, perhaps, real

economic interests of floodplain property owners, zoning is often strongly

opposed by the owners and evaded where possible. Floodplain property

owners build without getting permits, influence local administrators to

approve variances, or delay the introduction of zoning ordinances. This

effort by private citizens to thwart the intent of floodplain zoning will

no doubt continue as long as these citizens perceive the zoning laws as

injuring their economic well-being. These attitudes and actions hinder

the effectiveness of zoning nationwide.

FLOOD INSURANCE

Flood insurance, by itself, does not reduce flood damages. In fact,

when subsidized as it is now by the Federal Government, it may encourage

greater flood damages by spreading the financial burden over a larger

segment of the population, just as disaster relief does. The national

flood insurance program, however, has been coupled with a (virtually)

mandatory program directed at achieving nationwide local floodplain

zoning according to national standards. The program thus has two goals:

(1) to compensate flood victims for their monetary losses in the short

term and (2) to encourage floodplain zoning for the longer-term reduction

in flood damages. Most floodplain residents are, at most, unappreciative

of the benefits supposedly accruing to them from the insurance portion

of the program. They believe that even the subsidized premiums are too

high. Many also do not believe that their claims are paid fairly.

$ 7



Except for the flood forecasts of the National Weather Service,

the national flood insurance program is the primary Federal program

in the area of nonstructural alternatives to flood control. As such,

it bears certain similarities to the wastewater traatment program

which, in terms of financial outlay, has recently been the largest

Federal program in water resources management. Like the wastewater

treatment program, the flood insurance program was established by

Congress to achieve specific national goals, and its implementation

has generally not been subject to benefit-cost ratio criteria for

economic feasibility. Also, like the wastewater treatment program,

the primary implementation of the flood insurance program (that is,

floodplain zoning) is done at the local level although the primary

funding is Federal.

Although the flood insurance program is a result of a specific

congressional directive and may promote various environmental goals,

it is questionable whether the program, accompanied by zoning, produces

net economic benefits for the Nation. Analyses performed by several

District offices have shown that the two nonstructural alternatives

which act directly and rapidly on floodplain land use to reduce flood

damages (evacuation and flood proofing) have dramatically low benefit-

cost ratios. Even when allowing for overhead expenses and premature

loss of existing capital investments, these economic analyses suggest

that there often is a net economic return derived from placing improve-

ments within the 100-year floodplain, (I ) even when relatively high

flood damages occur.

FLOOD PROOFING

Flood proofing (raising buildings above flood levels, elevating

utilities, raising access roads, etc.), like floodplain evacuation,

can reduce existing flood damages. In economic terms, however, it is

(1) The 100-year floodplain is also known as the 1-percent chance
floodplain, the 10-year floodplain as the 10-percent chance floodplain,
etc.
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much more practical when applied to new construction as opposed to

existing floodplain developments. Significant institutional

problems are involved in spending public funds for the improvement

of private property. When implemented, flood proofing permits and

encourages continued economic use of the floodplain.

9
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FLOODPLAI N EVACUATION

Floodplain evacuation reduces flood damages by removing improvements

from the floodplain. Its effectiveness for this single purpose seems

beyond question. However, as currently implemented, it severely limits

future use of the evacuated floodplain land for economically productive

activities.

Most project plans evaluated for floodplain evacuation have envis-

aged future uses of the land for open space, greenbelts, interruptible

recreational purposes, and wildlife. These plans have particular appeal

and benefits for those concerned with environmental issues. However,

on reflection it is clear that, almost by definition, easily interruptible

uses of any area provide little economic return. As such, net economic

efficiency of the future use of the Nation's floodplains seems clearly

negative under current programs.

Flood proofing and floodplain evacuation are essentially the only

nonstructural alternatives potentially implementable by the Corps and

*capable of relieving or reducing current flooding problems. Therefore,

they are the focus of this study. Both have major problems regarding

economic feasibility, plan formulation, and local acceptance. These

problems havr greatly restricted the implementation of these two alter-

natives throughout the Nation.

STATUS OF NONSTRUCTURAL ALTERNATIVES IN CORPS PROJECTS

PLANNING GUIDANCE

At least since the passage of the Water Resources Development Act

of 1974, the nonstructural alternatives of floodplain evacuation and

flood proofing have been actively considered by all Corps Districts.

In many cases, these alternatives were seriously considered in earlier

years as well. To date, however, very few of these alternatives have

been recommended or implemented.

11
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Entering such an essentially new program area, the Corps does not

yet have fully standardized procedures and regulations specifically

applicable to nonstructural alternatives, although the situation has

improved. During the early 1970's, regulations specifically formulated

for nonstructural alternatives were practically nonexistent. ER 1105-2-

351, "Evaluation of Beneficial Contributions to National Economic

Development for Flood Plain Management Plans," was clearly oriented

toward structural measures. In recent years, several new applicable

regulations have been developed. Some have stirred considerable con-

troversy at the District and Division levels.

Policy guidance on nonstructural alternatives has improved with

two new engineering regulations distributed in 1978. ER 1165-2-122,

"Use of Nonstructural Measures in Planning for Flood Damage Reduction,"

deals with plan formulation for nonstructural alternatives. It repre-

sents a significant advance in policy guidance based on some of the

lessons of the past few years. Among other notable elements, it:

1. Specifies the 80-percent Federal - 20-percent non-Federal

cost-sharing formula indicated in the 1974 Water Resources Development

Act and announced as policy by the President in June 1978.

2. Recognizes that a lower design level of protection than is

4 normal for urban areas may be acceptable for nonstructural alternatives.

3. Stresses the desirability of planning for groups of structures

rather than for individual buildings, where such grouping is possible.

The other regulation, ER 1105-2-353, "Evalution of NED Benefits

and Costs for Evacuation and Relocation as Non-Structural Measures for

Flood Plain Management,' covering benefit evaluation for floodplain

evacuation measures, became effective on 10 July 1978. As noted else-

where, difficulty in developing economically feasible plans for

I 12
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evacuation and relocation predates this regulation. However, project

benefit-cost ratios evaluated with this regulation will be slightly less

than if project benefits were evaluated under the general guidance of

ER 1105-2-351. Thus, the new regulation further decreases the potential

for finding nonstructural alternatives with benefit-cost ratios greater

than unity.

ER 1105-2-353 limits the flood damage reduction benefits to that

portion of flood damages externalized through the Federal Insurance

Administration program or other public damages. Damages borne by the

floodplain owner/occupant (that is, the deductibles and uninsurable

damages) cannot be claimed. Therefore, nonstructural plans have a

slightly less favorable method of benefit measurement than a structural

plan because a structural alternative for the same damageable units will

include the deductibles and uninsurable damages prevented as benefits.

All other benefit categories, including flood insurance administrative

cost savings, were previously creditable under ER 1105-2-351.

Support for the benefit measurement method advocated in ER 1105-2-353
appers ntielybased on an assumptive economic principle; (1)naey

that the market value of floodplain properties will accurately reflect

the degree of flood risk and the availability of flood insurance. Thus,

floodplain property market values are expected to vary directly with the

availability of flood insurance and inversely with the degree of flood

risk. The empirical studies to support the assumption were not furnished

with the regulation and could not be found during a search of subject

literature for the general or ma~t specific cases. By contrast, docu-

mentation of this nature was considered critical to support use of

projected growth as presented in ER 1105-2-351.

Without exploring further technical considerations, evacuation

alternatives are only slightly less favored as a result of the new

regulation. However, the trend of policy changes implemented by

ER 1105-2-353 seems to be toward criteria which are less and less

favorable to such alternatives.

(1) Pages 3-4, Paragraph 7(d), ER 1105-2-353, dated 10 July 1978.

13



The consideration by the Office of Management and Budget of

endorsing a new Federal program with potential for large future ex-

penditures has naturally slowed the development of firm policies

encouraging the planning and implementation of nonstructural alterna-

tives. Similarly, very real questions as to the best methods for

designing nonstructural projects have delayed the issuance of general

guidelines. Until very recently, each field office has been forced

to develop its own guidelines and policies on a preliminary basis for

submission to higher authority and often for after-the-fact modification.

IMPLEMENTAT ION

Almost all Corps flood damage reduction projects in planning or

implementation stages include some nonstructural elements which will

reduIce the future growth of flood damages. Usually, this means that

recommendations are made for the introduction or continuance of flood-

plain zoning regulations and participation in the national flood

insurance program. The Corps does not implement or even significantly

influence these alternatives. Of course, the assumption of floodplain

regulation as a part of the base condition influences plan formulati' n

for recommended structural alternatives.

More significantly, about two dozen projects contain provisions

for acquiring undeveloped or sparsely developed floodplain lands in

fee or by easement. Acquiring these lands for overbank storage can

reduce the magnitude of accompanying structural improvements needed to

achieve the design level of protection.

Two of the best known flood damage reduction projects of this

nature are those at Indian Bend Wash, in and around Phoenix, Arizona,

and in Littleton, Colorado, below the Chatfield Lake and Dam on the

South Platte River near Denver, Colorado. At Indian Bend Wash, the

structural features consist mainly of inlet, outlet, and interceptor

14



structures built by the Corps. The floodway along which the flood

flows will travel is under the control of the local sponsor and is to

be managed as a greenbelt park with comparatively little vulnerabilitv

to flood damages. At Littleton, the authorized project called for

channel works in conjunction with the upstream reservoir of Chatfield

Lake. This plan has been modified to include floodway greenbelt ac-

quisition to preserve the natural character of the river through

Littleton while reducing flood damages

Although these and similar proposed floodway acquisition featurp.s

in projects around the country are considered nonstructural in that

they do not alter flood flows by themselves, they may be regarded as

further refinements of a traditional structural measure; that is,

reservoirs. Like small ponding areas behind levees or major reservoirs

behind large dams, greenbelt floodways temporarily store and route

floodwaters in areas where the resulting damages will be minimal.

Greenbelt floodways may require no modification of flood flows and ob-

viously result in very short-term and limited storage of flood flows,

but the concept is not fundamentally different than that of other

reservoirs. Greenbelt floodways are generally proposed for areas with

little or no development, just as upstream reservoirs tend to be placed

in areas of sparse development.

The Charles River Natural Valley Storage Project may be viewed in

the same light. No construction is planned for this project; the project

consists of acquiring wetlands and other areas adjacent to the upper

Charles River. These areas function essentially as flood control reser-

voirs by storing floodwaters for days or weeks and gradually releasing

them downstream. By acquiring these lands in fee or easement and pre-

serving their flood storage potential, the project aims to eliminate

the need for future construction of an artificial reservoir to provide

the flood storage flow available naturally. Thus, it attempts to create

or preserve flood storage areas under Corps authority without construc-

tion activity.

The three projects described above which incorporate nonstructural

features into their plans all deal with essentially undeveloped floodplain

lands. This characteristic is typical for nonstructural projects. The

economic, political, and social impacts of evacuation and flood proofing

15



alternatives for developed floodplains have rarely been investigated

in depth, essentially only at the four sites discussed below.

PRAIRIE DU CHIEN, WISCONSIN

This project was developed in 1969 after it was discovered that

no traditional structural alternative was economically feasible. A

levee, the conventional solution for communities along rivers such as

the Mississippi River, was the most nearly feasible structural alternativlt

at Prairie du Chien. However, it was not economically justified pri-

marily because permeable soils in the area would have required major

pumping facilities and associated high costs. Further, the proposed

levees would have been 14 feet high; this was sociallyi, unacceptable

to this city long used to intimate contact with the river.

The feasibility report proposing evacuation and flood proofing

was completed in 1970 and approved by the Board of Engineers tor Rivers

and Harbors and the Chief of Engineers. Significant policy questions

associated with Federal funding participation in such an enterprise

precluded the Office of Management and Budget from taking timely acti,)

on this project in its review process. At the request of Congress,

the report was submitted without comment from the Office of 'landgemeit

and Budget. Congress authorized the project in 1974 with cost-sharinu

set at 80 percent Federal and 20 percent non-Federal.

The current plan, after minor reformulation during postauthorization

studies, calls for 130 residential and 2 business properties to be ac-

quired. The buildings would be removed from the floodplain through

demolition or relocation. Displaced residents would be resettled out-

side the floodplain. Technical assistance with flood proofing would be

provided to remaining floodplain property owners. All residential

properties on St. Feriole Island, which is separated from the mainland

by a shallow channel, and all residential properties on the city's

mainland at elevations below that of the 10-year flood would be

acquired. The two businesses are on the island. As the local sponsor,

* the city of Prairie du Chien will be the acquiring agency and will hold

title to the project lands.

16



Significantly, for reasons of economic feasibility, many undeveloped

parcels and several businesses in the area of severe flooding will not be

acquired. Similarly, all properties on the mainland above the 10-year

flood level were excluded; they will be left vulnerable to flood depths

as high as 5.5 feet above grade at the 100-year flood level.

The project first cost for reducing flood damages in this 10-year

floodplain subject to severe spring flooding is $4.2 million. The

project has a benefit-cost ratio of 1.2. A substantial portion of

the project's economic benefits is derived from area redevelopment

benefits.

BAYTOWN, TEXAS

This project was authorized in 1976, is in the late stages of

postauthorization planning, and is included in the President's budget

for construction funding in fiscal year 1980, The plan is to acquire

and remove all (about 450) dwellings in the community's 50-year coastal

floodplain - a floodplain apparently created by human action. Ground-

water withdrawals over the past decades to satisfy the demands of oil

refining and other needs have caused subsidence of the ground at Baytown

as well as at a number of other areas along the Texas coastal plain.

Although all of Baytown appears to be vulnerable to the problem of sub-

sidence, the project area is the lowest and most vulnerable developed

area subject to damage from tidal and storm surges.

The project area is a residential suburban subdivision built and

occupied since the mid-1950's. When the area was first developed, it

was not notably vulnerable to frequent, severe flooding nor was the

ground subsidence problem expected to assume the magnitude which occurred.

The unusual combination of fairly sudden changes in ground levels shortly

after the kind of rapid suburban growth possible only in recent decades

produced a noteworthy misallocation of economic resources. This misallo-

cation has allowed Baytown to become the only project site to date in

which the flood damage reduction benefits to be gained from floodplain

evacuation exceed the costs. While there may be similar comm,,nities, none

has become evident to date. The current first cost and benefit-cost ratio

estimates for Baytown are about $35 million and 1.4, respectively.
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MIDLAND, MICHIGAN

In the earlY 1950's, a structural project was authorized for this

community as part of a basin-wide plan. M1-uch of the justification for

the striictural plan was iost when Dow Chemical proceeded on Its own

to construct levees to protect its property. However, the levees (lid nor

protect vulnerable residential areas with several hundred inhabitants.

Recent severe floods helped stimulate a reformulation of the authorized

plan. This reformulated plan proposed the acquisition and removal of

about 100 residential properties from the floodplain.

As in Prairie du Chien, this residential floodplain in Midland is

older and has been passed by as other sections of the city grew and

prospered. Again, as in Prairie du Chien, at current interest rates

the proposed evacuation project does not have a benefit-cost ratio

greater than unity on the basis of flood damage reduction benefits alone.

However, unlike Prairie du Chien, Baytown, or Atlanta (see the following

section), the city of Midland has a definite recreation plan for the

floodplain land to be evacuated. This recreation plan would produce

more benefits than those which woule derive from reduced flood damages.

This project, as a result of the reformulation to a nonstructural

alternative, requires congressional reauthorization. Its estimated

first cost and benefit-cost ratio in 1976 figures were $4 million and

1.16, respectively.

PEACHTREE AND NANCY CREEKS# ATLANTA, GEORGIA

This project site is along two urban creeks which are subject to

flash flooding. The creeks are surrounded primarily by residential

developments in one of metropolitan Atlanta's most attractive neighbor-

hoods. Although the flood problem has long been recognized and structural

solutions exhaustively investigated in earlier decades, no major flood

has occurred in the memory of current residents. This factor complicates

local acceptance of a plan with significant local costs.
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This study is in the late stages of a feasibility investigation. Con-

sequently, the present nonstructural plan may still be changed significantly.

The current plan involves all of the approximately 700 residential properties

in the 100-year floodplain. It provides for flood proofing most of the

residences by raising them; others would be acquired and demolished.

The present first cost estimate of $45 million makes this the most

expensive nonstructural alternative to reach a stage near recommendation.

Its estimated benefit-cost ratio of 1.00, however, is similar to those of

other recommended nonstructural projects. In addition, many area resi-

dents doubt that the flood threat is as critical as the Corps determina-

tion indicates. They object to the local share of the cost which, under

the 80-percent Federal - 20-percent non-Federal cost-sharing formula,

would be about $9 million. Others believe that the aesthetic values of

the wooded area outweigh the flood risk. Further, some community offi-

cials fear the loss of tax base if the proposed project is implemented.

S"I~VARY

Of all the project sites which have been investigated by the

Corps for flood damage reduction over the last decade, only these

four have reached the stage of offering meaningful nonstructural

options to deal with existing flood damages. So far, only Prairie du

Chien has received construction funding from Congress and only Baytown

demonstrates more than a marginal benefit-cost ratio on the basis of

flood damage reduction. Table 1 summarizes Corps investigations

(,t nonstructural measures.
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STATUS OF OTHER AGENCIES' PROGRAMS
AND RELATIONSHIPS TO THAT OF THE CORPS

Several other agencies are involved in reducing flood damages using

nn,tructura1 alternatives. Basically, the status of their nonstructural

pr,,grams appears no more advanced than that of the Corps. This situation

is particularly true of the Soil Conservation Service whose responsibilities

and authorities, like those of the Corps in civil works, involve flood

damage reduction. In contrast, the Tennessee Valley Authority, which has

broader responsibilities within its limited geographic region, has had mor,

experience with flood proofing and floodplain evacuation.

As noted earlier, the Federal Insurance Administration's program is

lirected at reducing the future growth of flood damages by regulating

nw development and does not solve existing flood problems. The Federal

:T, ,ir,rnoe Administration does have authority under section 1362 of the

Flood Insurancv Act of 1968 to acquire and remove damaged floodplain

properties under certain specific and limited circumstances. The ad-

ministrition has not used this authority to acquire any properties; how-

,\er, it is investigating programs to implement the authority. In its

present f,,rm, this authority does not appear to offer a meaningful olu-

ion t,) ;erious community flood problems. Restrictions limit its applicat 71

to areas with extremely severe flooding (for example, three maior floods

, ars) and its application would probably result in limited property

An interesting phenomenon has occurred regarding the implementarion

ot some nonstructural projects which have been studied by the Crps.

Sirees other than the sponsor or the Corps have provided funding for

these projects. T1his funding serves to speed implementation or to rc-

place Corps implementation. In a number of cases, funding has been

provided by other Federal agencies that have only a minor interest in

redhl ing flood damages. For example, in Midland, the Dow Foind.t ion

has indicated that it would provide the city with several hundred thousand

dollars to implement the planned project with or without Federal participitio.

Another example can be seen in Prairie du Chien --here the first $50), ,)

in implementation funds was provided by a Community Development Block Cran,

from the V.S. Department of Housing and Urban Development. This funding

,,as available more than a year before Corps funds were ready for expendi-

tre. The department will likely provide additional funds to the citv to

. ilp implement the project.
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In Beatrice, Nebraska, the Kansas City Dlistrict developed a f(easilel

i, i it ion proiect . The city appears to have accepted the general plan

'1mdfurther Corps involvement. The ci tv intends to i.-

neM ,),lplain evacuation with the help of a Community Development

; rant from the Department of Housing and Urban Development.

In t Ke FicKapoo Valley of southwestern Wisconsin, in tao, samt- u~'

P raiirie- du Chien, a more extreme example can be seen. The valley~ai

1:1 -itt. of an aiuthorized and partially constructed pro-lect, th. L~a

iv I.ake and Dam. Construction was halted when environmental and

inorganizations with the support of some State and FedJeral

ata 'a oposed its completion. Wheitn construct ion of [t? e cam

* .~incertain, irv vii lagk, of Soldiers Grove, downstream from L~a
07e a-;mall stud\- -iutl ining thie b enefits of a flond7'Iaiiu

* i)i plan. The village attempted to get theCrs to nart lcipit,

i:o imnletmenting such a plan. Studies have shown that the plan lack:s

*-.~ooicfeas ihiIi tv; therefore, the Corps has not been al.t to par-

-'clpaMte, despite the exnend i ture of considerable time andI money in

snbefforts.

In Jly 1978, a major flood occured in the F'ickapoo Valley floodiac-

tsI 7stjntiLil port ion of Soldiers Grove. On the basis of requests for

i-sttacnce to implement its relocati-)n plan ind in view of the rec-ent

us ittrSoldiers kirove has obtained more than $1 million iii grants

ron vairious Fe deral agencies. Al though the Federcal funds %,ill hene ft

t v villaige, it is questionable whether this uncoordinated methlod of

funiding is an e~fficient way for the Federal Government to participate

in floodplain evac-uation projects. This procedure repeats,* on a1

simaller scalLe, the allocation of large amounts of Federal money tc

RpdCity., South Dakota, soon after its 1972 flood disaster.

In summary, it is clear that neither the Federal Government in

vteneral nor the Corps of Engineers in particular has a program to

inn leneont nonstruict ural alternatives for flood damage reduction that

* is ccmpara )le to the program to implement structural alternatives for
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i purpos,. lhe Corps has only a few isolated nonstructural projects

, ls nationwide. other agencies participate in a comparable

r c such pr'ects.

CO, ,0' PROBLEMS IN DEVELOPING NONSTRUCTURAL PROJECTS

Approacled from the larger context of Corps civil works activities

vcr tloo dec!os, real consideration of nonstructural measures as

- re ct elements is a relatively new phenomenon for the Corps.

lra.!,tivo lack of familiarity has adverse impacts on the quality

niv frmulation and design, especially when compared to that for

st '.iral alte-natlves. Usually, neither the project planners at the

stri, I ':~ I,, r the reviewers at the Division and Washington levels

iv,, \!;, i:n.cant experience with even one primarily nonstructural

I-," ,,-t Fhe ,x erience of other agencies and private consultants is

oimi~rlv limit.,. This inexperience is in marked contrast to the

;r i -iril oxn\rtit the Corps possesses after planning and constructing

Ir ,larve and small reservoirs and thousands of miles of levees

;, ,< mo iifications.

.\ % is t rict level, this lack of experienced guidance results

n risa"tec: as- =..tins, false starts, and unduly prolonged consideration

K plaors that cannot be implemented because of local unacceptability or

(,rps or administration policies. These problems have become noteworthy

,rly where nonstructural alternatives have been considered seriously.

-ther cases, nonstructural alternatives have only been given a cursory

examination to rule out their further consideration.

Reviewers at Division level are, in a sense, in a more difficult

psi ion than District personnel. Having no more experience than District

ilannt,,rs with nonstructural alternatives because of their rarity, Division

r.-vitwers jro r,,qir,,d t,, review District plans to make them compatible

29

"- -l I I - ' .. . .. . ... ..- - - - ~ -



/

with perceived policies. In the past, such policies often appeared

as the convoluted application of regulations designed for structural

alternatives. At other times, decisions were based on unwritten

policies expressed to Division personnel verbally and subject to

unpredictable future changes.

Those in policy positions at the Office, Chief of Engineers;

Board of Engineers for Rivers and Harbors; or the Office of the

Secretary of thu Army have also faced significant problems in their

effoits to adapt to increasing emphasis on nonstructural measures.

Pressured from the District offices for decisions that could not be

:Iased on precedent, agency policy makers have used their best current

,4 adgmLcnt or delayed in making decisions where possible until more

inf rmation was available.

the foregoing problems are a predictable consequence of the

introduction of a new program. Because they have occurred with other

agencies that are adapting their programs to the increased emphasis

on nonstructural alternatives, their existence is in no way an

indictment of the personnel involved, either in the Corps or other

agencies. N,,vertheless, they have hampered the deelopment ef

implementable nonstructural projects.

Speci:i,- problems related to the formulation of nonstructural

alternatives as opposed to the formulation of more traditional

structural alternatives are:

I. The increased complexity of any approach dealing with

aunan hehavior versus the more predictable behavior of the ratural

or Id.

2. The increased number of permutations possible for a plan

dealing with individual structures as increments.
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I'ile natural world itselif is not simple to understand. Jt has taken

lthousands of years to discover and comprehend a sufficient numbt'r

tie, la)ws -)f nature, to develop reliable and quantifialble natural

C-ICCenrS. In the area of water resources engineering, knowledge and

-echniql -s arc still imperfect in manx' fields.

In coat rast with human behavior, however, natural pheknomena often

,,cm simple and straightforw~ard. Although the term "social sciences"

,.Xist ,, few would accord to sociology, psychol ogy, or political scienct,I'ili s;aMn iMPrkSSiVe accomplishments in their areas of application as

::.,e ;ia ca ieved in ph asics, chemistry, or civil engineering. LEo-

j is prbbytrio only social1 scionce wsi th pretc'nsions nt

at f ii l~ s's. ii( its repuitation for accuric\' and forecast-

l7 i; : !]i t v ns ot ")"el impre2ss lye-,

Forru ait ing dany nonst ruct uralI alternative involves i udgments and

care a:ens t b oman biehavior. Pred i cting the behavior of people

-irn,, of an impending flash flood is much more difficult than predict-

;7ag tnle reliab-ility iind timeliness of the instruments and techniques

-i.t prcv ide thuc warning. 11,e effectiveness of floodplain zoning depends

iiavior of the individuals responsible for enforcement, thLe attitjjlel

r no 1 t ica]I superiors, and the ingenuity of the regul ated propertv

rarin -V.1ling rcgulaitli:s . The efficiency of the flood insurance progra.t:

r-1ies- t, tie alove proP lens, as well as the coordination between Fcde-ral

.inil I a- I officials, and even the honesty and sensit ivity of iurance

lim ad -iastcrs in dealing with flood victims.

ont 'an accurate] v predict the r(,ul t s f the foregoinR progas

ugh C s o l.n he me 0511 rob]e in - uhsequien t years . Fo r the nonS t ruC-

ir il mc.asures that the k<orps can implement (flood proofing and floodplaia

-arjtion) similar ice rt ainty cxist s ais to their e f fect iveress ait

ecr-nt level; of protect ion and in varvi ng circumstances.
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[he benefits to be gained from flood proofing are uncertain,

partlv because of a lack of experience with the priposed measures as

applied to single-family homes and other smaller structures. Aside

from the doubts about structural integrity and waterproofing qualities,

the behavior of property owners is unpredictable. Waterproofing

shields for door and window openings may have been mislaid when a

50-year event for which they are necessary actually occurs. Also,

an uninformed postproject owner might cut a more convenient walkway

through the mini-levee around his house.

The uncertainties regarding the long-range effectiveness of flood

proofing are present in a more fundamental way regarding the effective-

ness of "permanent" floodplain evacuation. Together with floodplain

zoning, evacuation is designed to remove flood vulnerable capital

improvements from the floodway and other low portions of the floodplain.

Even though it may be limited to developments in the 10-year floodplain,

as at Prairie du Chien, it does provide protection from the 100-year

flood to those persons and improvements removed from this floodplain.

iilis, of course, is unlike a 10-year levee which provides protection

only to the iO-year level and often induces higher flood damages

when less frequent, greater floods occur.

While evacuation provides a high level of protection to the -ersons

and improvements involved, a reasonable doubt exists regarding the loni-

term protection of the acquired land. Acquisition-evacuation and

floodplain zoning presume the continued existence and enforcement of

national policies; State, Federal, and local laws; and agencv regulations

which generally have been in existence only since the 190's. These

policies may be continued indefinitely, or they may be altered or re-

versed much on2r. During the first part of this century, the episode

)f Prohibit; .evealed that even a constitutional amendment reversing

? a previous amen&- nt could be quickly forthcoming when enough people

obljcted to laws iestricting what they believed to be their fundamental

rights.
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r~.~ir lssof the merits of legally rostrictLeu flooo!pj!-

1h,; lve b s p ror)o n en t s, many lt h er s o pp o se s uCh r e stL ci

itt- :irc rules governing human behavior can be caie

'11 Congress, -I Flew pros idential execut ive order, or a moort i r

flIouiting of st "Ill-exist ing laws and cannot be conside rel pe rrartr,

'On 1: t iOiS Ont Wnic1h t o tase economic or other calcul at iosi:. r

ta cen turv or more into tefur.The confidence le-k

.tuture behavior of the mass of concrete and steel in a ma~i I,

tiindamental ly much greater than hat concerned with the futu

.oi a changzing society.

i"e three mna tor structural aiternat ives for f lood ,ontr I a r,

k1reservoirs, (2) f loodwalls- evees, and ( 3) channel1 moi 4it

.o ~:.: atonof ,ach of these alternatives ir'.n h

n Ic 0r "etlcaL ion , bothn as :.~e~..'

4 1 v, n practice, only a +ew SieSr, i

ri. ~.r new alignments for hni. I .:ianoes

ne in nd -conomic s:ense . Thlese few o acna

.;, c I es arc multipliec!b differing levels , f p-rct

hou ilt into eachi. Although these levels otull be t-

n"', dt---iJ9i gulillkiines11 hVe evole IV vr the ea'

e o f protect ion whi ch are determined by ecoo c ;1na >

etuatfn.Once determined, the level oif protection

r., teatutre. and often for all I-roj ect e lements . OreC :i

- lv v cetist ruct a continuous ievee wi th great lv varv n gag -,s

ci , h7 h1 1al f b)uilIt for a 20-year event and nal f builIt for a 10-yu
.he possible, variations for a structural proiect ire- ge nera T,

c:e,! to) a nuinageab le number through consider-it I on of t lic 'I ina r

Lt tio ol a particular location, traditional policies, indl i very

nature of such work.

this built-in degree of simplification in plan formulation

inplie,; very little to nonstructural alternatfves. FVnT- policies

'av '.'texisted during the past years to help standard'ire n lanning.
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Further, when dealing with floodplain evacuation or flond proofing,

ono can rationally develop a plan that considers and treats each

stru ture (residential, commercial, or industrial) differently.

Suclh a plan, whici co old acquire and demolish one structure, relo-

cate its neighbor, flood proof another structure, and do nothing

for vet another, is not easy to develop or administer. Despite

these difficulties, it may make sound economic sense from the

standpoint of reducing flood damages and, at the same time, meet

with general local acceptance. The essence of the complexity in

emploving nonstructural alternatives is that each structure can

bo considered as a separate project increment, each property owner

might reasonably wish it to be so considered, and rational reasons

oxiqt for so doing. Specific ,xamples of the complexity of plan

forno ation in norstruct oral projects can be found at Prairie do

hincn, 'Iidl,nd, and Poachtree and Nancy Creeks.

Pr;iiri, dh Chien, 'isconsin

At- " airie it: iChiien, the selection of properties to be acquired

-ritio:il. Proect ,economics dictated that the selection be made

at a level far lower than the ]O0)-vear flood typical for manv projects.

Economics was not the only factor considered in selecting a low r

f :t t noint. Generally, very few or no residents in the 50- ',,

10 -. ar floodplain favored mandatory floodplain evacuation. A

n oority of all those above the rn-year level opposed evacuatio,.

although many were willing to participate.

.Iuirh )f the city's flood problem involved St. Feriole Island,

which made an easily Identifiable unit. However, many of the

re-sidenres on t mainland were subject to worse flooding than some

it higher elevations on the island. Some island and mainland resi-

dents scheduled for evacuation suffered no first-floor damages until

tI. 100-yenr flood, but land access to their properties was interrupted

at the 15- to IO-year flood. In addition to residences sublect to

I feeding, many businesses were located in ,he lower parts of the flood-

plain, only two of them possessed incremental economic iustification

for rn clns ion in the evacuation project.
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,l,. tIltimate ,,,ision was to treat al residenct.s with a viven

- problem alike. Chus, first-floor and ground cl evations were

-ri: >al, although ovio' sly related. hi rfsult o this eisin

was that residents with homes at higher elevations who did nor feel

especially threatened were included in the group to be evacuated, while

others at somewhat lower elevations were allowed to remain. In either

case, some persons on either side of the dividing linc were unhappy.

!ihe decision, which treated all residents with a specified degree of

vilnerability equally, was made while working under severe economic

,ustification constraints which permitted the inclusion of few, if any,
unt-conomic remniants.

Businesses, as larger increments and without the same degree

ci s,,ial sympathy, were treated differently. Only two businesses

w-rincrementally justified for evacuation and were included in

the evacuation portion of the project. Several other buildings that

",ere equally vulnerable were left in the floodplain. The decision to

selectively aid businesses on the basis of individual economic feasi-

bility was not an easy one, but it resulted in the greatest reduction

of flood damages permitted by economic justification criteria. The

same process excluded all undeveloped floodplain parcels from the ac-

qti.sition program even though the result in some areas is a checkerboard

,f public and private land holdings that will inhibit future plans to

ust, the acquired lands as a unit.
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Flood proofing was also a major element in the authorized plan for

P'rairie du Chien. However, during postauthorization planning, it was

.etermined that flood proofing, to various degrees, was incrementally

justifiable only to individual residences and businesses scattered

throughouit the floodplain. No single contiguous unit of properties

could be economically flood proofed. Because the project was only

marginally feasible without flood proofing, only structures with an

individual benefit-cost ratio greater than unity could be included in

the project if overall feasibility was to be maintained.

Individually justifiable properties could have been selected for

flood proofing but the problem of social equity also emerged. In

general, it costs approximately the same to flood proof all houses of

a given size and vulnerability. However, the benefits gained from

raising a high-value house are much greater than those gained from

raising a low-value house which suffers less dollar flood damages.

Applying these facts on a case-by-case basis resulted in a plan that

would have flood proofed 20 high-value residences and done little for

80 low-value residences. This action would have meant government

assistance to those wealthy enough to afford more expensive properties

and no assistance to the rest. Direct Federal participation in flood

proofing residences was ultimately rejected.

Striving to maintain equity while reducing flood damages to the

minimum level consistent with economic feasibility, the final plan calls

for providing technical flood proofing assistance to all property owners,

with the implementation and financing of any' flood proofing measures

to be at the option and expense of the individual. Limited financial

assistance could be made available to the local sponsor.

While federally implemented flood proofing of some grouping of

structures on a mandatory basis was still under consideration, it was

noted that the Government could not force an owner to allow his

house to be flood proofed. Therefore, if total flood proofing of a
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selected group was required by policy or other considerations, the

Government would have to provide individual property owners with the

choice of being acquired instead, using the power of condemnation to

assure compliance with a given plan. However, because acquisition-

evacuation is more expensive than flood proofing in virtually all cases,

the possible costs of evacuation would have pushed the benefit-cost

ratio of this marginally feasible project below unity.

The final element of controversy regarding flood proofing is the

degree of protection. If a house is to be raised, should it be raised to

provide protection to the 50-year, 100-year, or some other level?

Further, should measures other than raising, which promised to be only
9(1)

selectively effective, be employed? This problem was solved in

Prairie du Chien when it was decided to provide only technical assist-

ance with the implementation and financing at the option of the

individual property owner. Clearly, if every person decided on his own

work and paid for it, the Federal Government would have no control over

the kind or degree of protection beyond providing advice. The ultimate

expectation is that a few property owners will raise their houses to

the 100-year flood level, more may relocate their basement utilities

above selected flood levels, but most will content themselves with

removing their fuse boxes and main electrical lines from the basement

and other similarly selective measures. It is likely, for better or

worse, that no one will flood proof his house to the extent which would

have been likely had the work been done to Corps standards.

Midland, Michigan

At Midland, the benefit-cost ratio considerations constraining plan

formulation were both more and less restrictive than at Prairie du Chien.

They were more restrictive in the sense that the evacuation project

was not even close to economic feasibility at current interest rates using

(I) At Peachtree and Nancy Creeks this was a major question and will
be discussed later in regard to that project.
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flood damage reduction benefits alone. The primary share of project

benefits came from planned future recreation use of the acquired flood-

plain lands after the structures are removed. With the recreation bene-

fits included, the benefit-cost ratio permitted acquisition and reloca-

tion of all improvements and persons within selected large parcels in

the 100-year floodplain. On the other hand, the importance of future

planned recreation uses affected the planning for flood damage reduction.

All of the floodplain parcels planned for acquisition in Midland

are in larger contiguous units and will form parts of the various

types of recreation areas planned for the evacuated land. Within

these areas, all private parcels in the 100-year floodplain would be

acquired. However, other properties within the 100-year floodplain are

not contiguous with the planned recreation area and are not pla-ner'

project acquisition. To reduce flood damages, these properties could

be included in the project to maintain consistency. The city, however,

views these isolated parcels, which are surrounded by the holdings of

large landholders such as Dow Chemical, as lesser problems to be solved

bv these other interests.

Because the city has access to non-Federal funds to implement

a portion of the project, a new problem has been introduced in p'>-

formulation, not only for the city but also for the Corps. With no

Federal project in the implementation stage and no guarantee that

there will ever be, the city is concerned with stretching its funis

as far as possible. One means it is using is to buy only from

persons who volunteer to leave the floodplain. In this way, It may

bc possible to avoid the costs of potential court condemnation suits,

replacement housing payments, and allied moving costs. This approach

could conflict with potential later participation in a Federal project

which would include such payments. This method of acquisition might

also be considered to conflict with Michigan law which requires

similar benefits for persons whose residences are acquired by munici-

palitieq. Moreover, it introduces an undesired element of inequity
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into the process. Persons volunteering to have their lands acquired

under this approach would not receive any of the payments normally

associated with public acquisition of private residential property, nor

would they have significant latitude to negotiate a purchase price.

Those interested in moving from the floodplain must face the difficult

choice of selling out at current market prices or waiting for an uncertain

future project which could give greater benefits.

Peachtree and Nancy Creeks, Georgia

A number of problems have emerged in the plan formulation of this

study; several relating to flood proofing are among the most difficdlt.

To begin with, Georgia has legal restrictions against using public (State

or local) funds to improve private property. Although not every State

has identical laws, this principle is an important problem nationwide.

If flood proofing measures reduce a structure's vulnerability to damages,

the value of the structure has been enhanced. In such a case, how can a

local sponsor in Georgia agree to cost share on flood proofing? Here the

answer might be a special State law exempting the project from the general

law if the project is implemented.

Assuming the legalities can be resolved, questions arise concerning

which structures to flood proof and to what level of protection. As

stated by South Atlantic Division in its 3 May 1978 letter: "Should a

house sublect to frequent flooding be raised to a 25-year, 50-year, or

mo-year flood level? To be consistent with the flood insurance program,

the 100-year flood level should be the criterion. Then, if you optimize

a flood protection project at a 15-year flood level, you would raise (flood

procf) the structures to the 100-year not 15-year level."

This position creates further questions for those structures between

the 15-year and 100-year flood levels. Consistency dictates that those

(1) The following section paraphrases written comments provided by
South Atlantic Division, 3 May 1978.
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structures should also be raised to the 100-year level for equity.

However, in following this reasoning, no flexibility is allowed in

plan formulation, because the entire 100-year floodplain must be
(1)

flood proofed if any part of it were to be flood proofed. Further,

because flood proofing is usually feasibly only at levels approximating

the 10- to 15-year flood, if at all, this formulation criterion results

in a project without a favorable benefit-cost ratio. The Peachtree-

Nancy Creek project, formulated with the current combination of flood

proofing and evacuation, has an estimated benefit-cost ratio of 1.00.

LOCAL ACCEPTANCE

6?,eral

Just as the impetus for improved water quality and sewage treati:c:,t

plants stems from regional and national interests which essentially

compel reluctant municipalities to upgrade their sewage treatment facili-

ties, the drive for nonstructural flood damage reduction alternatives

stems from national and regional rather than local interest. Compared tc

downstream interests, a municipality benefits relatively little from

improving its sewage handling capabilities. Similarly, compared to

the anticipated national benefits from most nonstructural alternatives.

the individual community usually perceives that it pays most of the

costs and receives few of the benefits.

Some community representatives believe that floodplain zoning

and the Federal insurance program work to deny a community the right

to develop portions of its land with possible lost population, lobs,

and business. Local officials and residents may not appreciate the

effect these measures have on reducing future flood damages.

Floodplain evacuation works like an accelerated program of flood-

plain zoning to remove or destroy existing floodplain developments,

again essentially denying that land to the types of potential future

(1) The dilemma of forcing flood proofing measures on unwilling property
owners is evident here as it was at Prairie du Chien.
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development preferred by many local interests. It provides the land for

a future park or other recreation area, but also removes the property

from the tax rolls. Not all of the displaced residents will relocate

in the same community, with the result that the town pays some of its

inhabitants to move away.

Flood proofing provides for enhanced or intensified use of flood-

plain lands, and therefore meets with greater acceptance from the total

community for economic reasons. On the other hand, some residents fear

the unknown aesthetic effects on their properties and neighborhoods.

In contrast, structural measures may enhance the value of community

floodplain property. In the case of a reservoir with widespread benefits,

this Increase in a community's land values could come with little or no

direct financial cost to the comnnunity. Similarly, increased floodplain

land values may accrue when smaller reservoirs, levees, or channel

modifications reduce the degree of flooding in a community. Even in

those local protection projects, where the non-Federal sponsor bears

significant local costs, the costs are only a part of total costs and

are generally less than the local benefits. With the perceived benefits

re,-eived for relatively minimal local costs, local interests usuallv

prefer structural flood control measures.

Floodplain communities tend to reject nonstructural flood damage

reduction alternatives which concentrate on floodplain evacuation or

floodplain zoning in favor of structural options because they question

the benefits in relation to the costs to the community of denying future

intensive use of their floodplains. Those few communities which have

embraced projects featuring significant nonstructural measures have

done so for reasons other than their economic preferences.

The question of attitudes of floodplain property owners toward

nonstructural versus structural solutions is distinct from the attitude

of the community. In virtually all cases, immediately affected floodplain
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residents and other property owners reject ?ht --r

floodplain evacuation, flood proofing, or floodplain zoning. t.. .

people, the choice is clear - a structural proiect will protec,

from floods and allow them to continue living their chosen life stve

in the location thev have selected. The financial costs of a st.ruc-

tural project may or may not be greater to them or their communities

than a nonstructural alternative, whereas the social costs are Lzt-i, r-

ally much less.

In this way, one of the features peculiar to nonstructural

alternatives (that is, the social costs are borne primaqrilv by th,,

)ent ficiaries) makes them appealing from the national and rvwoioni1

stindpoint but discourages a strong demand for nonstructural pro'ocu

Because the system of project conception and implementation prin; rl

depends on support from local benefited interests, th,., lack- c!

anc, by affected communities bodes ill for future nonstructar,.

ro cts. Floodplain residents and businessmen will not press to

r.m-trict their contro' over their properties or have themselves moved

from their properties when they can urge such costs to be imposed -n

others (suchi as the classic example of upstream farmers displace; F--

aI flood control reservoir to benefit a downstream community).

irairie du Chien, Wisconsin

In Prairie du Chien, a floodplain evacuation plan was ,cr-' -

to the local community only because:

1. No structural alternative was viable.

2. The flood problem at the time of project formulaticr, an' in

the years just preceding postauthorization planning was espcc-.Iiv

severe, predisposing affected individuals to accept any rensonable

solution.

3. A strong chance of obtaining financial assistance from oth. ,

Federal sources to pay part of the non-Federal share of proiect osi

existed.

If any of these three conditions had not been present, Prairie du

(hien probably would not have accepted the floodplain evcuat nn--:
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proofing plan that is now being implemented. Even so, some residents of t,.

evacuation zone are opposed to mandatory evacuation, primarily those ft' a:

significantly higher elevations than their neighbors. Similarly, many resi-

dents outside the floodplain oppose apparently direct payments to improve

only the well-being of floodplain inhabitants. If mandatory evacuation

had been pressed at notably higher levels of protection, in accord wit

levels commonly sought for structural projects, local acceptance would

have been outweighed by the resistance of those at higher levels in thi:

floodplain who would be unwilling to be legally removed from their ,mes

for perceptibly less reason than their lower neighbors. MIandatory floe<!

proofing would also have been resisted by a number of higher level flor,!-

plain property owners, though probably fewer than would oppose evacuati:-.

In sum, even for a community exceptionally adapted to an evacuation i.r-

native, a fine line separated local acceptance from rejection.

Baytown, Texas

In this coastal region afflicted with deep subsidence, the flood

problems are so severe that the flood victims are willing to consider aimv

practical solution. Aware that the subsidence will continue and that

structural measures will not provide a solution, floodplain residents ir,

generally willing to accept total evacuation as the best answer to tnr!-

deteriorating situation. However, the rest of the community must help

fund the proposed project and may or may not be willing to undertake tint

local financial burden, now estimated at about $7 million. The larger

community perceives few benefits to itself from the proposed evacuation

project even though it is sympathetic to those unfortunate enough to

live in the sinking floodplain.

Peachtree and Nancy Creeks, Georgia

The floodplains along these creeks have not suffered severe flooding

in recent history, a factor which complicates acceptance by local rosidi't-

of any plan calling for removal from their homes or major alterations :o

their properties. This area is one of the most attractive in the greater

Atlanta metropolitan regioD and possesses some of the nicest homes, whi A

tend to directly border on the creeks. The well-to-do residents of tht

areas are politically knowledgeable; some have organized to oppose mardati"'-

evacuation or flood proofing of their expensive homes.
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An early version of the proposed project called for the evacuation

of only a few structures and flood proofing of the rest. Reaction at a

public meeting to discuss the plan suggested that many residents would

oppose flood proofing of some homes because )f appearance and other

factors. It was suggested at this meeting that 8 feet above grade be

used as the criterion for the maximum raise; the project was modified

accordingly. As a result, the number of properties planned for evacua-

tion increased to more than 200 (from the area which would require

more than 8-foot raises). New opposition was aroused from those now

scheduled for mandatory removal. With substantial opposition from

organized groups within the project area and a local price tag approxi-

mating $10 million, local acceptance of this project is questionable.

ECONOMIC FEASIBILITY

Numerous analyses performed bv Districts around the country have

demonstrated that, using traditional economic analyses and current

methods for benefit-cost ratio computations, only a limited ntber of

potential project sites will have economic feasibility for flood

proofing or evacuation projects at levels of protection normallv pro-

posed for urban areas. A somewhat larger, but still small, nunber of

project sites will possess benefit-cost ratios greater than unity at

very low levels of protection.

The Hydrologic Engineering Center, in a study of the technical

aspects of nonstructural alternatives, concluded that economic feasi-

bility for evacuation or flood proofing alternatives might be demon-

strated at the 10- to 15-year level of protection, where detailed

analysis is warranted. (1 This study also revealed that detailed

backup analytical data explaining why nonstructural measures for most

uotential projects were rejected are generally not available from

published project reports. (2)

(1) The Hydrologic Engineering Center, "Estimating Costs and Bene-
fits for Nonstructurai Flood Control Measures," October 1975.

(2) 17 May 1978 letter from the Hydrologic Engineering Center to

St. Paul District.
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Despite the lack of data on the many clearly infeasible nonstruc-

tural projects, the 10- to 15-year level of protection corresponds well

to the experience of St. Paul District in its nonstructural analyses

and information gained from other Districts with similar experience.

It is debatable whether projects formulated to the 10- to 15-year level

of protection provide a significant solution to the flood problems -f

most communities.

One reason nonstructural projects seldom show economic feasibility

was stated by a participant at a September 1978 meeting in Chicago con-

cerning nonstructural alternatives. In the case of evacuation, the

entire prope'rtY must be acquired to protect only that portion of the

property which is subject to flood damages. In essence, existing and

relatively intensive (and damage prone) use of a floodplain may not be

the highest and best use of the land, but it may produce a net economic

income. Evacuation, with conversion of acquired land to open-space

parkland, actually creates a lower and less economically efficient use

of the floodplain. This excludes certain environmental, social, and

aesthetic benefits.

Flood proofing is often economically infeasible primarily because.

it involves modifying existing structures, a process which is always

less efficient than when flood proofing is accomplished as a part of

the original construction. Nevertheless, flood proofing is clearly

less expensive than permanent evacuation and preserves the existing use

ol the floodplain with reduced flood damages. Despite the technical

uncertainties about the effectiveness of flood proofing, flood proofing

has better prospects for economic feasibility than does floodplain

evacuation.

Those instances where floodplain evacuation or flood proofing is

most economically feasible are in areas having a serious misallocation

of resources. These situations occur in flood prone regions mainly

inder the following conditions:
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I. Ignorance of an area's true potential flood threat. I, i'.

i ck ,I knowlcdgc coul, arise from lack of available informat ion '.I

i. !od hiistory or i .statisticalIy unusual reccnt flood record.

. Unexos-, ed c:iarges in an area's hydrology which can result

irem such things i-; upstream urbanization or ground subsidence.

i. A ,.c"parat ive Io income lev,,I wil ch induces people- witI

litle :apit al rtsolirc,s and shortened time horizons to invest in

,,aiis rcaus,_ it is ch eaper 1-. the short term even thougi it may

',,s in t," longer term.

Ow • re,, t site s re Viewed for this st d', P, aol, tree ;ind :,ncv*

, -. n t,, . int c tgory o; Ba,'tiwn t its i-to v I a %- t.

St'rair : ,iien and Midland fit into category 3.

! e lack of ecot. mic feasibilitv as determined y the hone it-cst

St- Applied to water resources projects is tht critcal factor In

x r'::t in Fdra] participation in the development and implemental:

rr ,i Dr ele ts. F conoT.ic asii Iitv n 1, o',is stem, r(,1

. '1r CO. ,st'S which are site specifi,: to -he dama ged ".n( t-

.. n. . ,: s -ict ires are removed from te f loodp 1 ai: , r

........... .. ...t.... :.,r land and structures bOCeme proie't ,c,,s. .be

. i,, values for land and stru -tire<- wnen 1nn . .al ;.

r t f t i ' I, I ood damage reduction proJe,-t will usuIal I y b

zrt:iter th an th. average annual reduction in tlood damages.

lhe frequency of fIo oding, location ot stru.tures in t fi ,.oh.a

Si ain va ilues of ;tructures determine how close to feasibil it" an eacuat,

al ternative may be. Using typical depth-damage relationships iat

(figure 1), and a generalized elevation-frequency curve (figure 2), a

I ) Similar rolationships are used throughout the Corps and by ,thr
iter r source agencies.
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typical pattern of expected average annual damages follows. These

variables acting together are shown graphically on figures 3 and 4,

respectively. Two residential structures, one valued at $15,000 and

the other at $50,000 have been assumed to be located at the 10-, 20-,

50-, and 100-year ground elevations. Table 2 uses this relationship

for a 1-acre hypothetical evacuation project. In an actual projtect

area a diversity of structures (location, value, unique design) con-

ceals the surplus or deficit in flood damage reduction benefits which

ee'ch individual residential unit contributes. In the simplified exampit ,

homogeneous units compared with typified costs adequately demonstrate

that the economic break-even point will generally occur near the 15-veir

flood elevation (table 3). More expensive houses are more easily

justified, particularly if below the 20-year flood elevation, and if

relocated rather than demolished. Relocation retains or restores

intrinsic values. If a house is structurally unsound or cannot be

physically moved, economic feasibility can be improved by salvaging

materials. To a lesser degree, some of the existing value of flood-

plain property is thereby retained.
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A remaining significant source for major project benefits stemz

from the useful purpose to which vacated floodplain land may be dedi-

cated. Land used for open space or general recreaticn will generally

provide only limited project benefits. Inasmuch as economic feasi-

bility based on flood damage reduction is usually marginal, significant

benefits from the floodplain land in a new use may be critical to a

favorable benefit-cost ratio. The principle involved is the maintenancz

or restoration of economic values while still conforming with good

floodplain management practices.

In summary, evacuation and relocation project economics can K

improved by:

1. Relocating and restoring structure value at a new fl< 2-

free site.

2. Decreasing project costs by salvaging materials from

demolished structures.

3. Developing the highest compatible economic use for !h_-

floodplain.
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DISCUSS lOt ANJD CONCLUSION4S

GENJERAL

Very few Corps nonstructural flood control projects are in

place, under development, or being studied. This lack of nonstruc-

tural projects appears to be inconsistent with statements made by

the President and the Chief of Engineers to fully consider and em-

phasize nonstructural solutions to the problems of flood prone

communities. Many people infer from this inconsistency that the

Corps and other agencies can implement nonstructural projects but

are unwilling to do so. This inconsistency results in criticism

from many quarters that the Corps is laggard in its implementation

of the presidential directive. However, when current policies and

procedures are followed in an attempt to comply with that directive,

the ultimate result is either large numbers of token analyses of

nonstructural alternatives or much wasted effort in producing details

,)f infeasible plans.

In recent years, the Corps has tried to make the consideration

of nonstructural alternatives equal to that provided for structural

measures. This goal is highly desirable in many ways, but under

current procedures, it has resulted in a few Corps implemented non-

structural projects. Current policy obscures key differences between

the two approaches: structural alternatives are flood control

measures with most costs and benefits measurable in monetary terms;

nonstructural measures are flood damage control measures with often

distinctly di fferent inputs and outputs.

Over several decades, the consideration of Corps reservoirs as

single-purpose flood control structures has evolved into today's

multipurpose projects which produce hydropower, water supply, recrea-

tion, and irrigation benefits as well as flood control. Nonstructural

measures have been formulated almost exclusively for flood damage

reduction. Yet, because these nonstructural ineasures alter land use
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n ,ve loped 1  an are as , th,- offer the potent ial of redesi LZr n

,,- odplain toward an optimum mix of environmenta!, aesth, t i,

and economic purposes. Given the opportunity made possihil. 1-.;

extensive floodplain acquisition, nonstructural projects need to

attain the same maturity show,'n by multipurpose reservoirs and meet

iieeds beyond those of flood damage reduction.

Ilese considerations, treated in greater detail in the follow-

ing 7ages, result in the conclusions outlined below:

CONCLUSION 1 - ECONOMIC NALYSIS: Many benefits of flood damage

reduction projects, especially those which cause people to advocate

nonstructural alternatives, are not included in benefit-cost rati-c.

CCXACLUSION 2 - DISASTER RESPONSE CAPABILITY: The optimum time to

acquire property in flood prone areas is immediately after a damaging

f o od.

CON1,LUSI(Y4 3 - CHANGE IN PLA4J'4iNG CRITERIA: Although desirable, it

S ir lv impossibie tc consider and determine the fate of- ndi ', ,

st ,-,ctures Ln the planning stage of a major Federal proJect

, .,- i. _OPTI MU"A LOm)PLAIN USE: Most nonstructura1 p I..nn,

:nsiders abandoning floodplains as major economic resources.

CONCLUSION 5 - AWARENESS OF NftSTRUCTURAL LIMITATIONS: A signiilcarn

lack of knowledge exists among water resource planners and the g(n -

pub lic regarding the characteristics of nonstructural alternativ,,i

especially flood proofing and floodplain evacuation.
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J!"-n c :ii :' "' sh 1t r" 'U>I ,

an:d reptonal and do -,o(t 7keat gcais ,intrinsi, t t n :r

-p.'ar odenu .rrccit exis ts in currnti rt-g i-t v-

Wv 3rg v.ai~z Orojc c t- tram t he cono(mic. a:1:"3 1::

'e tIsSt import ant ex( usian 'ar evaIcuation- pra)jec(ts hasi

deletion of replacement housing payments made In :A,

Initorm Relocation Assistance andl Real Propertbs ' Aqisit

Act of 1970 (Public Law 91-646). Up to $15,000 in pro> 2

ch ,-i splacc , real dent homeowner is cans id'erein ,inac

inpti ut not an economic, cast charged to the nro,4 ct -:t 'H

r ito 1. .Alh,)vagh this exclusion of cost f ro-m the eeit'a

-. ~ ro u prjcts, it i s part icular>: i-npora:r:.'

I, iantln proets SInlce real estate costs are' S:ic! .t. 0atY

4 . rolelct casts.

UX 'u U On a P te abVe Casts from the ha i o

p x fr Sce v ears and has beeni restattra -

I ci , I itv t o floodplain evacuaItion "
4eT,

-L' '<c precedent for cast exclusioni is

-I , Responsibi litv. fo-r Costs of Improved Stan, S

inI 2"CI a ions, whichl deals with costs associ attew.

* g 'N ! <inte aw 1 I as rep lac-ement housing payments.

rM.I itS ati ou"r' to becnefit people outside th,,p-

1 0 v prox'i!le safotv. .ini other benefits that arc, ii 11n~

t o i a fv t ic beneit's are assured to b~e at leaist equal t c

Sr 1-, -, : licosts and benefits ir, -x, i- Kr -

tm: t -;-o' I-a rto

olr -:rpuits. associated with civil works projects have not 1,

an-. -ut '- uit l at thtis ImeT.A. S'ome of these a tputs am-

acne:"-' V ia am re det-imental. O)nly those- outputs; wh!Y 0Can71



quant i fied ind! put into mono t irv t erms are in ddin tile bene"fit-

cost aInalysis. 1hejust ifLicat ion for exci tdino. rho specific c' t

not ed aboeve i-, ',!)at thL auth or i ration for SpenTding flunds fc.,r tho(se'

purposes is in 1 avs not r,,!, :inV to) :pecific prct s.. or, in the

clOfo PubicIt Law q1-646 >T-! rei at mep in any' spec al Marilner

to Water retoiirCL- Liev(,lopiMk t. "the Judgment (if the Nation, ex-

pressed thirMgh ('engrt.ss, is that these benefits arc worth the,

LIS t S.

F acit v. ar , the, FV.era' I hidge t iTIC1ude:Is large sums spent to achiteve

w vie vaieLOty V g,' s1 - nsl V Soe'nt With ouItItanIy benu fLit-ros t ain Ivs Is,
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Cieut,,et ano t'\C1110, r toe.0 ne i . 0 '.:n t-cost

rJ § Sh l Amesue 1 CTlv o M h.ttir- s~i-t > ''-n, ary "UtPUt F

S r -: wi L I~ 'nut tI rn o 11 ,f

erooc i:ral pr tart incue rc, 1 1 f. I:! ri"1- 10 Sa Ia e ae teI cS,

heo I' "o1 ili e purp 'si. h otsi hs etr s ol not

in Ii d t it v, t a at lo T-, 'f nrc T' c t 1t vo] 1; I o omi caI lv

f lin I it w ,r t IrUn Ito onlyv fl)r te n~ 1atII en a1 
LC Onic develop-

me:-,c ' ct vtye. 'Ihe o' Ia- jIS- c C Xarp o f n)oneconomi c con s i de rat in s

I oer in g t he benef It - COSt r atio oft s truc tu11ral p roje c ts iIs thte poI Icy

n c nr, aise the, 1-vt 1 if priot -ion to th~it o1f the staindard! prolect

lo' I-1 SOIA '1!t'r Jxt rkn :'11 low feinoevent,, o(f 7clirse, the)se-

cr250 i!) c -n:1! forver vi iti pl'] i CV LOISOUS n, S1_11 -I" huiman

t, Nevet ho15 thell ecooi a10IC nalyses could1 state' that a given

proiret 1 hais honi-flt-cost ratio optiuni;,eu b1v onglnering at, say



~/

1.9 and note that a benefit-cost ratio of 1.1 results only after

various noneconomic decisions have added more to project monetary

costs than benefits.

The impact of this change in calculating benefit-cost ratios

could be very significant for structural projects. For nonstruc-

tural projects, which are pursued primarily for noneconomic reasons

relating to national environmental and social well-being goals, the

effects would be far more profound. At Peachtree and Nancy Creeks,

for example, logical reasoning extended a design level of flood

proofing from the 15-year floodplain to the 100-year regulatory

floodplain to provide for social equity and compatibility with the

national flood insurance program. However, the true benefit-cost

ratio lies at the 15-year economic optimum. Social and other non-

monetary considerations which increase water resource project costs

should not distort the benefit-cost ratio of a project.

Recent events in the Kickapoo River valley of Wisconsin provide

a prominent example of how a variety of social goals promoted by

several Federal and State programs could have been achieved by a

multipurpose water resources project evaluated in this way. Once the

La Farge bjm project appeared to have been stopped, residents of

this valley were still faced with major flood problems. Communities

were also declining economically because of these flood problems, as

well as for other reasons.

The major flood of 1978 focused renewed attention on this region.

The village of Soldiers Grove was able to capitalize on that attention

and received grants from several different Federal agencies for re-

building the community outside ie floodplain. The funds provided

by these Federal agencies were not limited or even related to purposes

producing a favorable economic benefit-cost ratio, yet they were given
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'ith the full support of Wisconsin's politi al representatives and,

no dout , thor nat ional leaders. Each grant is focused on achiev-

ing the goals of a given agency and, collectively, the grants do

n t provide a complete solution to the problem. Under the proper

-itiloritV and procedures, onc' agency ould have worked to imple-

::t.,nt ia si-91(,, coordinate d arid comprehensive plaai that wou] ! have

p rodac , bt ter results.

C'a ,nriiry to the expectations of many, a change in benefit-cost

aal1%!sis would not result in an unlimited demand on the Federal

T'-easlrV, either for structural or nonstructural projccts. If cur-

rent cost-sharing procedures are followed, local interests will have

to cntribute significantly to proposed projects. Unlike man" other

Fe,,ral programs, this cost sharing feature will serve to limit proj-

ects and the flow of Federal dollars to areas where the, local desire

is strong enough to pay some of the cost. For nonstructural projects

i.2 particilar, this change in accounting would not result in a vast

nu-mn, r 1I proj-cts bcalIst nMOS t local comnhinitit.s do ot perceive

tAcsc proiects to be esp,_cially in their interest as current-ly

lcrmrul ated. However, such a change in economic analysis would

be ne-essarv to- permit more widespread Federal participation

where these projects are truly wanted.

Altering one side of the benefit-cost ratio would increase the

Thurb:1er of potential projects which survive the agency screening

process. However, the ultimate decision on which projects, and how

-,any, receive funding would sti 11 rest with the Congress and the

President.

Vlany attempts have been made to quantify into monetary terms

the so-called intangible benefits and costs associated with environ-

mvntal, aesthetic, and social well-being impacts. Several different

sstems to quantifvthese impacts exist; some are in limited use by
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cet I'aIn ag"1et.Ies. M'h, maj -r l, .ct In all of t~ieso svst,,ms -; thit

earS is subject t iidgnmntal ,t-t rminations which -an virv signifi-

cant 1.v from pt- r ,ii t o pturs on and -, n ; to a1 cy. Th.Pius, none of

these systems has universal or even widespread acceptance.

By following the established principle of acknowledging the

responsibility of the Nation's politloA leaders to adjudi, at,, ratr,-!

of opini,m not susceptib le to fa: t ,tl anilvs s experts, -h, r., i-

fred eviluatli-n would result in ,-.Isnvi ng the nati.onal interest 11:

these projects at the political rath,.r than the bureaucratic 1,,,- .

Svstematic analysis by the responsible agcnv would still be -ri- i,:a

rut the Iecis io:)s oi i ntangibles would h, made IL.' those I

make tht.se decisions.

DISASTER RE[PONSF C.'PABIL-' '

To ail In 'ie implt-.Ie2tat of 'rt a n lonstructural alterna-

yes tht (.:orp,; shuld ,( proni led with 'ontinuine authority toI

moe cuifk ly a:Tter Jisastrous floods to acquire severely damaged

b trot ars rand reme vt, I irh f rm t,- i oodp lain. For several decadfs,

various emergency authorities have ononuraged private reconstruction

in hivh fo<hodiiiard zones. bis sItuatiOn Is changing. Still, no

effective m,-ha: is:- xists t,, acquire, and remove floodplain structures

at the. moment whten sucrh removal would be mst painless and most wel-

cony'>d hv' the In. irli dit 3n(- and ,onninu it i es on cerned. Authori ty is

needed for the Ccrps to rapidly select and acquire rational units of

heavily damaged properties that are in, say, the 15-year floodplain.

An acquisition plan of this type could be subject to the approval

and cost -sharIng ot tht: local community jtst as other projects are.

The key, however, Is speed of response. )elays of more than 1 or

2 months might he to,, long.
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Rochost or, MIinn(,s( a, w.s the site of severe flooding in July

1' 78. it i r ,:i cxamp, , 1 f I. ,ation that could have made excellent

' r. ni: ,it rty to acqulrc damaged floodplain proper-

t . " rA - .,l Crol lve- proect is planned for the city

and or v o1 the cc'gd properti es were likely candidates for

ev0.entual acquisit n during Its construction. 1 1te citV and some
cft t;h0 affo cted rcsid(.,its ,,-isidered local acquisition of some

-rooort vs- imvie_,11tatlv after the flod, hoping that the acquisition

,'cull He incuI ided as part of tir r cst-sharing in the larger project.

t11n the Corps could not give any such assurances, forcing the acqui-

sition to be a totaly local expense, enthusiasm cooleu and only a

fev propcrt ies wore acquird,. If an ongoing program had existed,

tie cnity ccul d have cost-shared with the Corps to remove some of

t o most l od ulnera e propcrt ies that are now beinR rebuilt.

Simil ir events t i! p acc at var i )us I ocat ions irc md the country each

Suici a program could ) mplemented through the Corps or under the

dire, tioin of :i i r, I I i.-rn 1  disaster organization. In either

iasy, ts appl I .it w ould be mo-,,t suitable in fl oodplains where the

r*,ir, cas a-qUiLred 'si goifi an: knowlIedge of the area through past or
ce2 ol :s an; ;j';'ts. No other agencV possesses:

I. !ht. - : n I r it, aI i it to react swi ft ly in times of

d is s ter.

2. Ti- iiydr I ogi c, n planning ex ert iso to quicklv determine

sns ib ulI , q 1 s t ion limits.

) M:iss :':r: RI... r d)ivision .uggcstLd -I similar autl:crltv. The
-,V 1lowInig is a q filt- trom an incloscir(e to its 12 Decembler 1978 letter
to St. Paul Itl ri ct "The emergencv :iuth.,rity suggested could be expanded
oxpanded in coenpt, ot it 1,', ,ontillilg authority', and Identified as

another option. lhi opt ,on In concept, would authorize the develop-
ment, I;; conprct ion with Iccal inte'rests, of a long term plan for the
ul tim-1t s I'ut in of the flood damage proilOm. Nonstructural elements
of the plan sMh : ,, pr f fing , I permanent removal of flood plain
strocturC w1:111 1,, si,,ci ii. Wli(neve r specified structures are placed
,n the m-.r,,,t !y tho, twnor or .amage(d by f1oods, the Corps would be
vatholzr ze , to part i-ipate with the local sponsor in the acquisition of
tie prep ,rtv ri irp I.:.ntatIo, of the removal, relocation, or flood
proofing Is spOc i!t.: I in th(. plan. Other components of the plan would

inL Ude emr rgTnIv -,\':., ution and flood plain zonirg."
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3. The real estate capability to proceed with rapid acquisition

as desired.

The above discussion focused on Corps implementation of flood

proofing and evacuation as now formulated. The recommendation based

on these points is aimed at improving the chances for Federal partici-

pation in projects where these alternatives are deemed in the national

interest.

CHANGE IN PLANNING CRITERIA

Nonstructural alternatives as now planned are designed to return

developed floodplains to a relative "state of nature." A natural

floodplain possesses a minimal economic value. Therefore, most com-

munities eligible for nonstructural alternatives will not seek such

projects unless they have no other choice. The following discussion

is focused on increasing the use of floodplains as an economic resource.

Floodplains form important parts of many communities and the Corps

should use its engineering tale,;ts and expertise to encourage the opti-

mum use of these valuable resources. The current national attention

on eliminating human improvements within the floodplain needs to be

balanced by the recognition that men can and do survive and thrive in

environments both more harsh and more hazardous than the 100-year

floodplains. Imagination, engineering, and money invested in safe

economic uses of the floodplain can produce important dividends to

specific localities and the country.

Residential floodplain areas can become better candidates for

feasible nonstructural projects through certain changes in plan formu-

lation criteria. Currently, in feasibility investigations for flood

proofing or evacuation alternatives, each structure has been evaluated

separately for economic, structural, and social feasibility for various

flood proofing or evacuation measures. Particularly in the case of
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flood proofing, substantial uncertainty exists as to which measures

can be applied to which houses and how the legal questions sur-

rounding the treatment of private property can be handled. In

addition, during the public coordination stage, economic and

structural considerations are altered by a negotiation with each

affected homeowner. Such negotiations contribute to a socially

acceptable plan. Unfortunately, they must be painfully repeated

during postauthorization planning, often with different property

owners and on several different occasions as the extended planning

process continues through many years.

A singlL change in planning criteria could beneficially affect

-,:rrent difficulties associated with economics, local acceptance,

and plan formulation. This change would be to plan for public

.Cq'1ii;ition of all properties in a design floodplain proposed for

mi×ted evac'uation and flood proofing measures. For structures

lo<,ited in especially severely flooded areas (for example, the

,-vear f ,codp lain), it may be possible to make the general state-

ment that all structures are probably justified for evacuation,

hoth on ec-,onomic and social well-being grounds. In areas of less

fr :uent and less sever, flooding, however, it is often impossible

t,, ,-edict the opt imum measures for a given structure without the

K ud of letailed inspection and freedom of action feasible only

ic: that stricture is publicly owned.

1,1 ill iIcoiplain improvements were to be acquired, the deci-

, I ,vat im vvrsus flood proofing (and on the nature of the

colI ?ro fin() uild bh made on more objective grounds and not

s trict 1v suibJect to the emotional views of private homeowners.

F,,I1owing public acquisition, the appropriate measures would be

taken for each structure.
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Those Structures to be flood proofed would be resold after flood

proofing to private parties. First preference could be given to prior

owners; it is anticipated that most would take advantage of the op-

portunity to remain in the same location they originally chose. An

added bonus to project benefit-cost ratios would occur if we assume

that the original owners repurchase their previous dwellings. In

that case, much of the cost of flood proofing could be paid from the

category of replacement housing payments of Public Law 91-646 and,

therefore, excluded from the benefit-cost analysis. In any case, if

the structures for flood proofing were properly selected and the job

performed well, the approximate costs of acquisition and flood proof-

ing should be recoverable through resale.

Those structures least suitable for safe flood proofing are

likely to be those bordering directly on the stream in question and

suffering the highest damages. Acquiring and removing these struc-

tures, thus clearing land along the waterway, and making easements

available to the remaining (now flood proofed) floodplain structures,

should further enhance the value of those flood proofed units for

resale.

The whole purpose of such total floodplain acquisition would be

to create a planned flood proofed community which would be returned

to private ownership as an attractive, well thought out, water-

oriented environment. A project of this kind would return combined

environmental, aesthetic, social, and economic benefits in excess of

those resulting from any plan that includes total evacuation. The

attractions of this national policy include all of those benefits

accruing to the local conmmunity plus the greater willingness of comn-

munities to consider, encourage, and participate in nonstructural

solutions which do not adversely affect the natural environment or

the everyday lives of upstream or downstream interests far removed
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from the project site. For those actually living in the project

.rea, the social impacts would be no greater than they are under

current plan formulation options. In addition, residents would

know that, to the extent physically and economically possible:

1. hrheir own houses would be preserved in their present

locations for future occupancy, and they would be able to choose

to live there.

2. Their community could be preserved for continued

occupancy.

Another promising alternative for accelerating the long-term

evacuation of floodplains while reducing resident opposition to a

mandatory project involves public acquisition from willing sellers

as properties are offered for sale on the open market. Or, public

acquisition and removal of structures could be insured by provi-

sion of a clause incorporated into the deed of flood prone proper-

ties giving first option to buy to the local government. Such an

approach would involve an indeterminate length of time for complete

floodplain acquisition. Often, however, the time could be less

than the time required for formulating and obtaining approval for

a mandatory evacuation plan. In Prairie du Chien, for example, this

approach could have been very successful. Complications from con-

flicts with Federal or State acquisition laws could be resolved as

needed in specific cases.

OPTIMUM FLOODPLAIN USE

Many of the Nation's floodplains are in or near the downtown

centers of large and small urban areas. Early settlements were

always located near water supplies, and the combined importance of
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rivers as sources of energy and modes of transportation has often

meant that a city's first residential, comnercial, and industrial

developaints were located in floodplains. Many of these areas have

since been protected by structural works of various kinds; others,

affected by the passage of time and its accompanying floods, have

deteriorated.

Floodplain zoning regulations discourage new development in

such areas unless it is adequately flood proofed. Because few

interests are willing to make the substantial investment required

for a new, properly flood proofed structure in a neighborhood other-

wise filled with older and deteriorating buildings, the prospects for

any new development in these floodplains are poor until existing

development has totally decayed and been razed. Yet, because of its

proximity to traffic corridors and business centers and the aesthetic

potential of its natural environment, this real estate has great in-

herent value limited only by the realities of recurrent flooding.

Existing development of such floodplains was usually made under

different economic conditions and with limited appreciation for actual

flood probabilities and severity. As such, it often represents a mis-

allocation and inefficient use of the Nation's riparian land resources.

The Corps, however, as the Nation's engineering consultant in the field

of water resources, could plan, design, and construct economically ef-

ficient floodplain developments in conjunction with local and other

interests.
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A wide variety of poLential developments could be beneficially

built, as wide as the variety of urban settings combined with flood-

plain conditions. Similarly, varying degrees of Corps and other

Federal involvement in furthering such development are desirable.

It is also true that no intensive redevelopment is either practical

or desirable for many floodplains, just as many sites are unsuited

tor reservoir or levee construction. Nevertheless, it is important

that Federal policy temper its current emphasis on discouraging

investment in every floodplain by also encouraging proper investment

in selected floodplain areas.

Some of the considerations necessarily involved in the planning

and design of intensive floodplain redevelopment are:

1. Minimal vulnerability to flood damages.

2. Minimal impact on upstream or downstream flood

conditions.

3. Maximum adaptation to the environmental and aesthetic values

of floodplains.

4. Adherence to sound economic and planning principles.

Minimal vulnerability to flood damaRes would mean neither zero

flood losses nor unacceptably high levels of losses, but rather some low

level of residual damages which are more than compensated for by the

benefits of floodplain occupation. Engineering considerations dictate

this minimal vulnerability be achieved by elevation of the structure

to the given design flood level, plus whatever additional freeboard

is judged necessary for a factor of safety. The residual flood dam-

ages accruing to such an investment in an office building, itself

perhaps totally free of damages, could include such things as damage
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P, .'tanc' of tlic a;oc on,] us ions would represent a malor

F.L:., in ni> rI a tt uitde toward the true meaning and potential
, fnovra,: i7, ril alt,,rnat ives to flood control. Rathmr than surrender-

iug al ! or much of tit, 100-ve:ir floodplain to nature as a region too
i,:: rdous jor human occupancy, these recomil-ndatl ons view, floodplains

;S; x.il " iabl water-re lited land rt source. i'hroigh technical skill,

this resource can often le safely used for a variety of national aims,

. .. luding ,ccnomic as well as environmental. 1though safe, intensive

use of floodplains will he geographically limited 1V the same sorts

c onsidrr tions which restrict the number of useful reservoir sites,
,ptimum floodplain o-cupancv should be viewed as a challenge to be

t i ,,t as i cc',dit ion to prohil it.

i.. " kilc t iou and ',r in tens iff cat
,':t .tr 'turcil prOeccts, these bene: .

3, 1 Bi Bene i ts from Fl ood P' i u
..,1 .." ,t I , t K,! is the annualized market :. ,

I' IIC ,(,' 'M t il e %.'i t the flood hazard. No'
i "I omnt It. value is indi cated. Th tor-

.-,t- .', t ,,. itq n eded to arcliitectur l lv
1, I ,'t3 "0,:' , '.c11sual costs would have adverse

,,{ .' , . : , 'u:::, s ,!v,'r ntal cost are, av oii,,
.. i.. , ,l odp la ins .

.itt 1~i. oar pareeIs o land .i11 have
1 ., .; t sin , ':'1.,1it7i,, .1itv improve-

. : ,-a :,1in in " ice and would probably
, I , itio , p,.rmiti; :or new iloodplain activi-

, ,- Im thev ario us reg . at orv agencies
"' 'o .''o i'' ua plan,1111i 'Process. Fhus, land develop-

Ment costs will g, nleraIiv I) mu-h less than alternative floodplain develop-
ment sites. The reduced development costs will increase the market value
o! the se Iand.

ihe spectrum of redevelopnent land uses is so broad that one simple
exampl, cmanot he expected to typify the location benefit potential. Eco-
nomi v,iriahies are too numerous and quite site specific. However, in
terms ot i n,! vaiu.s used in the 1-acre hypothetical flood damage reduc-
Lion evacuation example (see pages 50-57), certain ranges and expectations
mayv n~ ms,,ni ,e.
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RECOMMENDAT I ONS

1. )N(F-WIC ANALYSIS

Re commin dat ion

Flhc Corps should seek legislation to modify economic analysis

to exclude certain costs from the benefit-cost analysis, with par-

ticular emphasis on application to nonstructural alternatives.

Action Required

Congre.ss ritst pass legislation such -s the f1llowing:

"In the survey, planninp, design, and implementation by any

Federal agency of any project involving flood damage reduc-

tion through nonst ructural measures inc1uding, but not

ILm-ted 'O, Flood proofing of structures, acquisition of

flodplain lands, and relocation, that agency is authorized

to expend funds allocable to the activities authorized by

"'1:lic aw _ whon the proiect outputs identical to

'1,tc activities wmld be, n any case, an integral part of

aid flood damage red uction projects."

2. DISASTER RESPONSE CAPABILITY

Re commen da t on

;ni' rps should seek legislation to give it the authority to

4 :LI -k Iv acquire floodplain property after disastrous floods.

,ct i,-n quirUd

iongr,ss must pass legislation such as the following:

(-) - ppropri-tt public law(s) should tie cited.
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"That the Secretary of the Army is hereby authorized to

allot from any appropriations hereafter made for flood dam-

age reduction, not to exceed $5 million for any one fiscal

y ear, for the purpose of acquiring lands containing flood

damaged properties in counties part of a presidentially

declared disaster area for flood damage reduction and other

public purposes at the discretion of the Chief of Engineers."

3. CHANGE IN PLANNING CRITERIA

Recommendat ion

Planninp -riteria for flood proofing and/or evacuation projects

should be revised to emphasize total acquisition of design flood-

plains using technical criteria to determine reuse potential.

Action Required

(VF must revise ER 1165-2-122.

:t. OPTIUYI FLOODPLAIN USE

K comme endat i on

TIl Corps should seek legislation to give it the authority to

optimize floodplain use as a project purpose.

Act ion Required

Congress must pass legislation such as the following:

"In the survey, planning, design, and implementation by any

Federal agency of any project involving flood damage reduc-

tion through nonstructural means including, but not limited to,
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flood proofing of structures, acquisition of floodplain

lands, and relocation, that agency is authorized to con-

sidLr and implement the highest and best use of the project

floodplain, including economic, environmental, recreation,

and other public purposes."

5. AWARENESS OF NONSTRUCTURAL LIMITATIONS

Recommendation

Educate those within and outside the Corps as to the

characteristics of nonstructural alternatives and their limita-

ti,,us 1omarel to structural alternatives.

L)I" m, ust ptihlicizU information specifically relating to non-

st r,'tira flood control alternatives through the preparation and

broa, rist rcut ion of an engineering pamphlet. OCE should also

sponsor 7.plementary seminars for planners and managers to insure

tb is avareness
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APPENDIX A

OPTI J FLOODPLAIN USE

The following drawings depict sample structural types and

developments likely to prove suitable for adaptation to a variety

of floodplains. Nearly all of these scenes represent actual struc-

tures which have been designed to absorb a major cost of prudent

floodplain occupancy - elevating the structures - and for aesthetic and

other reasons totally unrelated to the avoidance of flood damages.

If such structures can be built for reasons other chan strict eco-

nomic utility in nonfloodplain areas, surely they can be built and

provide economic returns where flood conditions lend further

rationality to this type of construction. Cursory examination of

many architectural and civil engineering publications will reveal

many more examples of potentially suitable structures for floodplain

occupancy already in existence at various locations.
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Th&5 stt twtai concept i.6 -the one-q one oA the ive p. esented

7,ot k~nown to cutenteg exis-t in some o'tm. It iz deztZved .'tom the

z.tchi-tectww.Z concept p'te.6ented in "Etevated Re~identaC Stictoes

(see bibeiogtaphy undett U.S. Vepa~'tro'ent o6 Houkznqi and L.,Lban

Vevetopment). It appewt sitczb~e Ao't 'te,6den;Ut) w.e in .6atie.

co mmwiities.
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Both o6 theze .6.tuctwte o~e Zocated in non~toodptain
a~'ea6 in mi wu~te"~t ciLtiez~. The bu.Ltding on the Ze~t is' the

"Goeden Rondetfte". It waA buiLtt by the Johnson Wax Company

6o4~ Expo 67 in Monttea. A'ttztc eZcen h"~ been taken

with tie ve.~tcat 6uppo~t6 whichz we~e n-it& btit not idenvttcal

with te.pect to etevation above g'tade. The stkuctute ha, beeni
moved to the John,6on Wax cotpotate headquaAte. in Raci~ne.,

Wi~con6in, wheue it hao6 been ancitoked mo 'Le 4ttey to eatth.

The ma66ive o66ice buitdZng on the tight i-6 the cabte-

.6uppo'uted Fede,'wL Re~ee Bank Buitding in downtown MineapoCLS,

Minne6eota. Sttuti~e oK &i.6 .6cate and duigZn woutd obviou,6ty

be mcst 6uited Kont cootuc.tion in majot metA~oO&tan cen-teu
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ThLf-' cocePt is pecated to itiu,6tate the deqtee oj techi&-

ca c&pab(iL0tLc'c teacL'.fy ava4~abee, and in use, to buitd useC6'd

s tct~v~6: u-,an cnvitovment,6 even motre tiugotoas .thani cen-

5f~uct~on inJ, s5ay, Nze 20-yeaA' foodptoin. The stadim showei:

atop tho "btidge" is taken 6,om one o' many such Ught, domed
sttuctute itow appea'tLng izb? nwnbe~'z, waow'd the cowt~tq.

The gene~af setting i6 taken KLom a viZew o Seate,

WaiLngton',s Wftban Fteway Pa,-&, Ritich i,5 buit asentiae i#?

fi a,shicn, spanning a mazjo't w'tban ttanbpottation covt'~do.'t.
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