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FOREWORD

Effective flood plain management utilizes the best available means
for reducing flood hazards. Traditionally, so called structural measures -
levees, reservoirs, flood walls, channel modifications - have been con-
structed. In recent years other measures, referred to as nonstructural -
flood proofing, evacuation, land use acquisition and regulation, flood
preparedness - have been implemented. Together they offer a wide range of
opportunities to reduce flooding along our Nation's rivers and streams.
Our experience in formulating and implementing plans which utilize com-
binations of these measures is growing as field level planners, policy
and review personnel, and researchers seek to resolve various technical,
institutional, and political problems. This seminar was organized to
bring together persons working on these problems, to have them report
on some of the work which has recently been completed or is underway,
ind to have them help identify issues which deserve attention in the
uture.

The seminar was sponsored jointly by The Hydrologic Engineering
Center and Institute for Water Resources and was held at the Institute
at Fort Belvoir, Virginia, 4-6 May 1976. The papers included here were
presented at the seminar and are in general, frank discussions by the
authors. They are not official Corps documents, nor are they intended
to modify or replace official guidance or directives such as engineer
regulations, manuals, circulars or technical letters issued by the
Office of the Chief of Engineers.
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INTRCDUCTORY REMARKS

BRIGADIER GENERAL KENNETH E. McINTYRE
DEPUTY DIRECTOR OF CIVIL WORKS
OFFICE OF THE CHIEF OF ENGINEERS

DEPARTMENT OF THE ARMY, WASHINGTON, D. C.
before the
JOINT INSTITUTE FOR WATER RESOURCES HYDROLOGIC ENGINEERING CENTER
SEMINAR ON NONSTRUCTURAL FLOOD CONTROL PLANNING

4 MAY 1976
Fort Belvoir, Virginia

I am pleased to speak to you this morning on behalf of General Graves,
Director of Civil Works. One of the Corps' most pressing problems today
is the development of sound policies and procedures for carrying out non-
structural flood control planning. Your seminar will be covering most
of the ingredients to these policies and procedures. The seminar is
timely because we in OCE are still in the process of formulating guidance
to the field on nonstructural measures in planning and welcome the dis-
cussions that will take place over the next three days as input into our

decision-making process.

Much of the material you will be covering has been the result of a joint
HEC/IWR effort over the past year. I think this is an excellent example
of these two research organizations working together. I'm glad you are
now taking the time to bring some attention to this area by holding this

session in Washington.

While we have not yet issued detailed guidance on implementing the
well-known Section 73, Public Law 93-251, the Chief of Engineers has most
definitely established a policy of consideration of nonstructural measures

in reducing the Nation's flood damages.



Be assured that the Chief, and the Chairman of the Board of Engineers for
Rivers and Harbors, expect to see in each and every planning report a full
discussion and supporting data on nonstructural measures. This includes
reports submitted to OCE for approval and those which will be sent to

Congress for authorization.

The field planner is in a dilemma. On the one hand, I have admitted
our inability to give him detailed guidance on formulating and evaluating
nonstructural measures, while on the other hand, we are requiring him to
show how he considered such alternatives in his reports. The dilemma
gets worse if the planner's evaluation of the nonstructural measures show
them to be superior to structural measures. OCE has not given him a
cost sharing policy. To ;he contrary, we have told him to not recommend
any cost sharing for nonstructural measures, but to obtain local support

for them anyway.

Corps planners are resourceful. Where there is a will, there is a way.

For the New England Division, the way led to the Charles River project;

for the St. Paul District, the Prairie du Chien project. These seminar
proceedings may well lead the way for future reports and future Federal
participation in solving our nation's flood problems with modern day
approaches. The Congress has provided us the support to look at non-
structural measures, and we are committed to not only comply with the

law but also to do the best job of planning we can for the people. I
challenge you to overcome the numerous obstacles in your way and to take

the initiative that the Congress and the Chief have offered you.



I have brought two members of the OCE Civil Works staff with me
today to provide a discussion on the policy aspects of nonstructural flood
control planning. Mr. Berge, Director of Real Estate is also here to
provide us some insights into the real estate aspects of nonstructural
solutions. I would like to briefly point out the role of each of the two

Civil Works staff participants in this morning's discussion.

Ken Murdock will be bringing you up to date on the problems confronting
OCE, since the enactment of Section 73, which have not permitted the
issuance of detailed guidance on Corps implementation of the provisions
of that law. Ken is the Alternate Army representative to the Council of
Representatives of the Water Resources Council, among his other duties
in the Office of Policy. He has been very much involved in the discussions
with the Office of the Assistant Secretary of the Army for Civil Works and
the Office of Management and Budget on The Secticn 80 Study and on

implementation of Section 73.

Tom Whitman, Chief of the Program Management Branch of the Planning
Division in OCE will be discussing some problems we have encountered in
the drafting of a regulation on implementing Section 73, particularly
those which relate to formulating and evaluating nonstructural alter-
natives. Alex Shwaiko, Chief of the Planning Division was unable to address
you this morning due to other commitments, but I know that he is most

interested in the discussions which will take place over the next three days.

I also see a number of other OCE personnel in the audience who are
anxiously awaiting the answers to questions for which they have been unable

to get answers for the past year.



Corps planners are not the only people who want answers. The Chief
of Engineers recently received a letter from the Division of Water Resources
of the Illinois Department of Transportation, urging prompt publication
and execution of guidelines for nonstructural flood protection measures
to solve a number of flood problemé in Illinois which may not otherwise be
solved. From what I have seen, you have strong public support for fully
considering nonstructural measures as an integral part of your planning.
Not only from the State of I1linois, but from a number of conservation
organizations who have communicated with our office in the past year.

The public can probably do a good job in providing you guidance on
formulating and evaluating nonstructural alternatives. Just give them

the chance.

How do you give them the chance? By showing equality in presenting
alternatives to problems the Corps has traditionally handled in only one
or two ways. In fact, take the risk, when the occasion is right, to even
show some bias toward nonstructural alternatives and comprehensive flood-
plain management rather than traditional structural solutions to local
flood problems. Do your homework - then educate the public. Get the
assistance of other agencies who are also charged with the responsibility
of protecting the health and welfare of the people, such as HUD. And get
the engineers in our District offices interested in the opportunities

for solving flood problems with other than levees and channels.

I am not asking you to give up our well deserved reputation for getting

the job done and solving the problem. I am asking you, and the Congress



and the Chief have directed you, to not recommend structural flood control
solutions until you have thoroughly investigated nonstructural alternatives.
Listen well over the next three days, for this may well be all the guidance

you may get for some time to come.

Thank you for having me open this important seminar. I too will be

listening well and look forward to receiving a copy of the proceedings.



A UNIFIED NATIONAL PROGRAM ¥FOR FLOOD PLAIN MANAGEMENT

Mr., Cobb and I are delighted with the opportunity to participate in
the Corps' Seminar on Non-Structural Flood Control Planning and to
share with you the results of an intensive effort by the Water Resources
Council (WRC) to develop a flood plain management package that would
harness together and give common direction to the vast array of
Federal, State and local programs affecting the Nation's flood plains.

As you know, the Council consists of eight cabinet level members and
the Department of the Army has played a central role in the development
of the flood plain management package. Several people from the Corps
who have been major contributors to the Council's effort are here today -
General Mclntyre, Ken Mt;fdock, and George Phippen. Gentlemen, we
greatly appreciate your efforts andthose of your colleagues.

In this paper, the historical background to the flood plain manage-~
ment package will be reviewed and the Unified National Program for
Flood Plain Management and its associated Executive order will be

briefly described to set a context for discussion of non-structural

flood control planning.

Historical Background

The flood plain management package to which I alluded is composed

of two parts - the report "A Unified National Program for Flood Plain

1/Mr. Cobb is Deputy Director and Dr. Thomas is Staff Specialist,
United States Water Resources Council.
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Management, ' and "Executive Order 11296, Revised.'" The origin of each
of these documents can be traced back to the 1966 Federal Task Force on

Federal Flood Control Policy which drafted House Document 465, entitled;

"A Unified National Program for Managing Flood Losses. nz/ Included among
the recommendations of the Task Force were a Presidential Executive
Order directing Federal agencies to carry out flood hazard evaluations and
for Congressional enactment of a National Flood Insurance Program. In

response, Executive Order 112965—5:-/ (Flood Hazard Evaluation) was

issued in 1966 and Congress passed the National Flood Insurance Act of
1968?_‘./ which among other things directed the President to prepare a
Unified National Program for Flood Plain Management.

The task of preparing a unified program was given to WRC and draft
reports were completed in 1972, 1973, and June 1975. These drafts
proved unacceptable to the Council or to the Office of Management
and Budget (OMB). The 1975 draft was considered deficient because
of inadequate development of the Federal role in flood plain

management,

2 /Task Force on Federal Flood Control Policy. A Unified National
Program For Managing Flood Losses, House Document 465, 83th
Congress, 2nd Session (August, 1966). U.S.Government Printing
Office, Washington, D. C.

?__/ The President. Executive Order 11296, Evaluation of Flood Hazard
in Locating Federally Owned or Financed Buildings, Roads, and Other
Facilities, and in Disposing of Federal Lands and Properties. (The
Federal Register, Vol. 31, No, 155--Thursday, August 11, 1966,)

4/ Section 1302 (¢), P.L. 90-448, as amended.



Executive Order 11296 directed the heads of Federal agencies to

evaluate flood hazards and take action to preclude the uneconomic,
hazardous or unnecessary use of flood plains. In March, 1975 the
Comptroller General reported to Congress that Federal agencies did
not evaluate flood hazards adequateiy.éj
Thus, by mid 1975 it was apparent that revision and strengthening
of the Fxecutive order and the Unified National Program draft report
were needed. A strategy was adopted to couple revision of the Executive
order with the redrafting of the Unified National Program into a single
package with the Executive order assuming the added function of becorn-

ing the device through which the Unified National Program would be

implemented. This package is the focus of the ensuing discussion.

A Unified National Program for Flood Plain I\/Ianagernenté

The Unified National Program consists of five sections which:
(a) provide a conceptual framework for decisionmakers, (b) summarize

basic strategies and tools for flood loss reduction, (c) review develop-

5/Comptroller General of the United States. National Attempts to Reduce
" Flood Losses From Floods by Planning For and Controlling the Uses
of Flood-Prone Lands. Washington, D.C., General Accounting Office,
March 7, 1975. T74p. )

6/Water Resources Council., COM Agenda, Item M-76-7, Appendix Item
7B. Aprill, 1976,




ments in flood plain management 1966-76, (d) examine the implemen-
tation capability of exist{ng Federal and State institutions, and (e) provide
recommendations for achieving a unified program. Flood plain manage-
ment is defined broadly to include planning, decisionmaking imple-

mentation and evaluation as parts of a management process,

The Conceptual Framework consists of sets of general and working

principles for the guidance of fiood plain decisionmakers. The four
general principles set the context for management decisions. First,

it must be recognized that although the Federal Government has a
fundamental interest, the basic responsibility for regulating flood plains
lies with State and local governments.

Second, the flood plain must be considered a definite area of inter-
related water and land to be managed within the context of its cormmunity,
its region, and the Nation.

Third, flood loss reduction must be viewed as one of several
managebrnent considerations which must be addressed in planning for
economic efficiency and environmental quality.

Fourth, sound flood plain management is built upon the following

Premises:



(a) The goals of flood plain management are defined as wise use,
conservation, development, and planning of interrelated land and water
resources; .

(b) Future needs and the role of the flood plain must be understood
in the context of both the physical and the socio-economic systems of
which it is a part;

(c) All strategies for flood loss alleviation must be given equal
consideration for their individual or combined effectiveness;

(d) There must be full accounting for all benefits and costs and for
interrelated impacts likely to result from flood plain management actions;

(e) All positive and negative incentives must be utilized to motivate
individuals making decisions influencing the flood plain;

(f) Government programs must be coordinated at and between all
levels of government as well as among the different areas of flood plain
management;

(g) There must be on-going evaluation of management efforts with
periodic reporting to the public.

The working principles consist of definitions and statements of re-
lationships supportive of the general principles.

Strategies and Tools for Flood Loss Reduction are discussed in the

context of the premise that flood loss reduction is a major management

constraint but not the sole purpose of flood plain management. Three

10



strategies for flood loss reduction are presented with a brief description
of the management tools appropriate for each strategy. One strategy is to
modify floods themselves throughthe traditional structural tools of dams
and levees. A second strategy is to modify susceptibility to flood damage
and disruption through such tools as flood plain regulations, floodproofing
and flood forecasting and warnings. The third strategy is to modify the
impact of flooding through such tools as insurance, tax adjustments, flood
fighting and post-flood recovery., It is emphasized that these strategies
and tools are not mutually exclusive and almost always some comple-
mentary mix is appropriate.

Flood Plain Management Developments, 1966-76 are reviewed using

House Document465as the reference point. In the decade since House

Document 465 made its 16 recommendations for improving flood loss

management, most of the recommendations have been followed by action.
Most notable are Executive Order 11296 (Flood Hazard Evaluation) and the
passage of the National Flood Insurance Act (as amended) which through its
requirements and sanctions extend non-structural regulations across the
flood plain. Other important legislation extending non-structural approaches
include the land use controls required for participation in the Coastal Zone
Management Program,z/ the dredge and fill permit program and the area-

wide waste treatment planning requirements of the Federal Water Pollution

7/Public Law 92-583.
11



8/

Control Act Amendments of 1972, =’ the hazard alleviating land use and

9/

construction practices required by the Disaster Relief Act of 1974,

the review and public display element of the environmental impact state-

10/

ments required by the National Environmental Policy Act of 1969,
and of course, Section 73 of the Water Resources Development Act of

1974. 11/ Because of the recency of much of this legislation, the imple~
mentation and operational coordination of the new planning and regulatory

tools provided is often found wanting.

Implementation of a Unified Program is dependent upon the coordination

of seriously fragmented management responsibility characteristic of-2all
levels of government. Using the Federal level for an example, 28 agencies
have responsibilities for nine different program purposes including
construction planning and insurance. In Fiscal Year 1974, there were
797 urban flood damage reduction projects implemented by 11 agencies
under 44 legislative authorities. The fragmentation of Federal program
responsibility created by the Congress is mirrored by State and local
division of responsibility. However consolidating legislation appears
unlikely at any level.

Geographic fragmentation is also a common problem. Flood plain
management actions at one site can affect across stream and downstream

locations., This requires regional management decisions most often

8/Public Law 92-500.
9/Public Law 93-288,
10/Public Law 91-190.
11/Public Law 93-251,

12



coordinated by State governments and sometimes by multi-state
-organizations., Yet the responsibility to initiate management activity

is usually fixed at the local level, though State and Federal participation
may be required.

From examining the problems of implementation, it has been con-
cluded that existing management programs and tools need to be more
fully implemented and coordinated as opposed to having new programs
and legislation initiated.

The Recomimendations for achieving "A Unified National Program

for Flood Plain Management' are directed at the Federal and State

levels of government. At the Federal level, a number of recommenda-~
tions directly relate to non-structural measures for flood plain planning.
Most important, Federal agencies are called upon to support cost sharing
policies that-facilitate a desirable mix of structural and nen-structural
approaches to flood hazards, or in other words, support Section 73 of

Public Law 93-251. It is recommended that Executive Order 11296 be

revised to reflect the objectives of the National Flood Insurance Program
and that flood plain management programs be required as a prerequisite
to Federal expenditures for flood control and disaster relief. Other
related recommendations call for acceleration of flood plain and hazard
studies, especially insurance studies, and for improvements in hydro-

logical data, flood forecasting and warning systems, and social research

on flood plain occupance.

13



Among the more general recommendations is the establishment of
a Federal Flood Plain Management Technical Committee under the
auspices of the Water Resources Council to serve as a focal point of
coordination encouraging consistency among Federal programs, Federal
relationships with the States, and reporting to the Congress and the public.
This too should assist the planning of non-structural measures for flood
hazard alleviation.

At the State level, three recommendations relate directly to non-
structural approaches, Those States without such legislation are called
upon to enact enabling legislation supporting flood plain management. All

States are called upon to apply the concepts of Executive Order 11296 in

flood hazard evaluation and to establish a single State agency as a
coordinating office for flood plain management.

The recommendations of the unified program dwell heavily upon
non-structural approaches to flood hazard alleviation and should

facilitate greatly the implementation of these approaches,

Executive Order 11296, Revised. 1._2_/

As issued in 1966, Executive Order 11296 consists of four whereas
statements and four sections directing action by Federal agency heads.

The whereas statements recognize that fiood losses have been increasing

12/ U.S. Water Resources Council. COM Agenda, Item M-76-7, Appendix
Item 7B. April 1, 1976, Washington, D. C.
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despite continuing Federal investment in flood control structures, and

that construction, financial assistance, and land disposal activities of

the Federal government affect land use and contribute to the amount of
property at risk to flood losses. The first action section directs Federal
agency heads to evaluate flood hazards, and to take action to minimize the
exposure of facilities to potential flood damage and the need for future flood
protection and disaster relief when planning the location of new Federal
facilities, the administration of Federal financial assistance programs
involving the construction of non~Federal facilities, and the disposal of
Federal lands or properties. The second section directs that appropriate
evaluation regulations be issued. The third section indicates procedures
for disseminating flood hazard information. The fourth section requires
that appropriation requests transmitted to the Office of Management and
Budget f01; Federal construction of new facilities shall be accompanied by

a statement indicating the findings of flood hazard evaluations in the develop-
ment of such requests.

The thrust of the Executive order - to assure that implementation of
Federal programs and activities will not contribute to the toll of the
Nation's flood losses - has not been satisfactorily achieved in the opinion
of the Comptroller General.

""There has been little progress toward curtailing disaétrous

flood losses by planning for and controlling the uses of flood-

prone lands. Development of such lands has continued, making
the program's objective more difficult to achieve. "' 13/

13/Comptroller General of the United States. Op. cit.
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This opinion was shared by Gilbert White and Eugene Haas who wrote:

1, ., direct experience of the Federal government with enforce-
ment of Executive Order 11296 has not been analyzed in a broad
fashion, although evidence thatf it is not being enforced accumulates,

14/

1 e,

In revising the Executive order as part of the flood plain management

package, the order has been strengthened by taking account of legislation
enacted since 1966 and the Unified National Program for Flood Plain
Management, and by placing a greater burden of responsiblity for flood
hazard evaluation and alleviation action upon Federal agency heads. An
underlying principle is that the Federal government should require of
itself no less than it requires of non-Federal parties in the use of flood
plain lands. This principle is particularly important in view of the
sanctions imposed by the National Flood Insurance Program on ¢om-
munities which fail to comply with program requirements for regulating
flood plain land use.

In the revision, the whereas section has been expanded to express
the following thought sequence:

a) Annual flood losses are unacceptably high and increasing;

b) Federal structures, financial assistance and land disposal

affect land use and may increase exposure to flood risk;

lﬁc_/Whi.te, Gilbert F. and Haas, J. Eugene. Assessment of Research on

Natural Hazards. Cambridge, Maas.: MIT Press. 1975. p. 264.

16



The

c) Federal agencies need to be more consistent in flood
hazard evaluation;

d) New legislation, especially the National Floocd Insurance Act,
requires Federal leadership in flood plain management; and

e) Flood hazard evaluation is an integral part of a Unified National
Program for Flood Plain Management.

action sections of the revision direct Federal agency heads to:

a) provide leadership in undertaking flood hazard evaluation and
alleviation efforts when planning the location and construction
of new facilities, providing financial assistance or protection,
disposing of Federal lands or properties or other actions
affecting land use;

b) consider the alternative of removing flood damagedproperties;

c) comply with the requirements of the National Flood Insurance
Act and the Flood Disaster Protection Act;

d) certify that flood hazard evaluation and alleviation efforts have

been carried out when submitting authorization and appropriations

requests to OMDB;

e) implement their programs consistent with the Unified National
Program;

) cooperate in servicing flood hazard information requests; and

g) issue flood hazard evaluation guidelines within one year.

17



Thus, the revised Executive order incorporates the specific flood
hazard evaluation criteria of the National Flood Insurance Program and
the implementation of the Unified National Program for Flood Plain
Management. It places a more explicit burden of responsibility upon
Federal agency heads.

The Flood Plain Management Package

Taken together the Unified National Program and the revised
Executive order offer a conceptual framework to guide Federal, State,
and local decisionmakers toward a balanced consideration of alternative
goals, strategies and tools; recommendations for improving and
coordinating flood plain management activities, within each level of
government and between each level of government, and direction ¢o
Federal agency heads to take leadership in flood plain management, imple-
menta‘xtioh of a unified program, and strengthening flood loss reduction
efforts. This package was placed before the WRC Council of Members
on April 1, and action is expected May 24, 1976,

On the topic of non=structural management measures, the package
takes a positive, firm posture. The unified program recommends that all
Federal agencies support cost sharing policies that facilitate achievement
of a desirable mix of structural and non-structural approaches to flood
hazard adjustment, The conceptual framework advocates consideration

of all alternative strategies for alleviating flood losses evaluated

individually and in combination.
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Yet, major issues remain to be resolved and especially the question
of Federal cost sharing policy for non-structural measures. Section 73(a)
of the Water Resources Development Act of 1974 states that flood protection
projects must give consideration to non-structural measures and Section
73 (b) provides for up to 20 percent non-Federal cost sharing. In 1974,
OMB requested that WRC provide cost sharing recommendations for
Section 73 and this was done two months later. Thereafter, OMB took
the position that Section 73 cost sharing should be considered as a part
of the study to be conducted for the President under Section 80 of the
Water Resources Development Act of 1974, Consequently, in deference
to the Section 80 study, no cost sharing recommendations are included in
the Unified National Program. The cost sharing recommendations of
Section 80 are now before the President but action seems unlikely
until the later months of 1976, Meanwhile, OMB has not seen fit to
release funds for implementation of Section 73(b) for non-structural
measures while it seeks to establish consistent policy.

The timeliness of this seminar is further highlighted by other
activities of WRC., Preliminary findings of the National Water Assessment
and Appraisal Program indicate that average annual flood damages now
exceed $2 billion and are expected to rise in spite of flood loss reduction
programs. Findings of the Section 80 Study indicate that more than 50

percent of Federal water resource expenditures for planning, construction,

and operation and maintenance are through grant programs not covered by
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the WRC Principles and Standards and a so-called "Bridge'' is being
considered to extend coverage to grant programs. These grant
programs are frequently the source of funds for non-structural
approaches and their coverage under the Principles and Standards would
enhance consideration of non-structural approaches. Effective imple-
mentation of non-structural approaches to flood loss reduction is one

of the préssi,ng issues of water resource planning and this seminar

should help move policy and planning out in front of the issues.
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NONSTRUCTURAL FLOOD CONTROL PIANNING: POLICY ISSUES
IN PLAN FORMUILATION, EVALUATION AND IMPLEMENTATION

By

1
G. Edward Dickey and Donald B. Duncaﬁ‘/

INTRODUCTION

This paper addresses one of the most important policy areas in the
Army's Civil Works Program. Although nonstructural flood control plan-
ning has been underway for several years, we are still confronted with
a maze of policy issues which need to be resolved to fully incorporate
nonstructural measures into the Civil Works Program.

It should be recognized that many of the problems associated with
the formulation and evaluation of nonstructural flood control projects
are also associated with the evaluation of structural projects. How-
ever, some kinds of so-called nonstructural flood control measures dif-
fer from traditional flood damage reduction measures in some very im-
portant ways. Consequently, there is a set of policy issues which are
unique to nonstructural measures. These differences must be laid out
before proceeding further because not only do nonstructural measures
differ from traditional measures, they also differ among themselves as
to their impacts.

Of all the nonstructural measures, flood proofing is most like tra-
ditional projects in that its benefits consist primarily of the reduc-
tion of physical flood damages. However, flood proofing differs from
traditional projects in that it does not require collective action be-
cause, by definition, protection is provided on a structure-by-structure
basis.

Flood plain acquisition, relocation and evacuation appear to be
similar with regard to the nature of their benefits. However, these
benefits are quite different from the benefits derived from structural
projects. As discussed below, in assessing the benefits of these mea-
sures the planner must measure the value of alternative land uses, with
and without these kinds of plans.

1/ The authors are, respectively, the Economic Advisor and the Deputy
for Policy, Planning and Legislative Affairs, Office of the Assist-
ant Secretary of the Army for Civil Works, Washington, D. C.
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Flood plain zoning appears to be yet another category of measure
in that its costs are largely indirect and are borne by those who are
denied use of the flood plain. At the same time the flood damage re-
duction benefits associated with zoning consist largely of savings to
those who would not use the flood plain but who, without zoning, would
bear the costs of flooding.

In summary, the differences we have identified involve issues con-
cerning (1) the need for collective as opposed to individual action, (2)
the need for alternative land use analyses, and (3) the need for anal-
ysis of external economies and diseconomies. These inherent differences
among measures to reduce water damages are the principal sources of our
difficulties in incorporating nonstructural measures into our planning
process within the Army Civil Works Program.

In this paper we have tried to address a few select items which, we
believe, require careful attention in the areas of plan formulation, ben-
efit evaluation and plan implementation, including cost sharing policy
and the Federal role.

PLAN FORMULATION

There has been a great deal of discussion in recent years about the
problems encountered in trying to formulate nonstructural alternatives.
Although the problems should not be minimized, we sometimes forget that
formulation of structural plans also requires imagination and tough deci-
sion-making. Let us cite a couple of examples from recent studies. The
flood control studies of the James River through Richmond, Virginia, pre-
sented several unusual situations. The water treatment facilities for
the City of Richmond are subject to flooding. The alternative solutions
to this problem that were studied involved protection for that single fa-
cility. A floodwall was recommended as a structural flood control proj-
ect, but OMB, in recommending that the project not be authorized, viewed
the problem as a design deficiency in the water supply system.

In another part of the city a decision had to be made regarding
various levee alignments which included or excluded certain facilities,
namely the sewage treatment plant. It was concluded that the levee
alignment should not include protection for the treatment plant because
of the lack of incremental economic justification and the adverse back-
water effects that the levee would induce. A study was then made of po-
tential nonstructural measures that might reduce flood damages to the
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treatment plant. Flood proofing offered the greatest potential but was
not economically justified (benefit-cost ratio 0.7). Although the Dis~-
trict and Division Engineers did not recommend flood proofing, the BERH
recommended authorization of the flood proofing at a cost of $8.2 million
based on public health and safety considerations.

Another recent example involved a local flood control project in the
fork of two streams. The topography and development patterns provided
the planners with numerous levee alignment alternatives involving protec-
tion of various increments of development. Separable decisions involved
protection of the airport, a major industry and industrial waste ponds.

Protection was not recommended for the airport (incremental benefit-
cost ratio of 0.74); protection was recommended for the major industry
(incremental benefit-cost ratio of 0.95); protection was recommended for
the industry's waste ponds, but at non-Federal expense. We must ask:
What regulation provides all the answers for this formulation process?

It would be interesting to have all of the Districts make independent
studies and recommendations for this situation--no doubt a broad range
of recommendations and supporting rationales would surely surface.

We should not be surprised to learn that there are also tough for-
mulation decisions associated with nonstructural alternatives. Although
our experience is somewhat limited in assessing the effectiveness of
some of the nonstructural measures, our planning experience should ena-
ble us to do a good job in the evaluation and assessment of alternatives.
The problem of defining separable project increments in structural proj-
ects is also a problem in the case of flood proofing. Is a separate
analysis required for each individual structure or can groups of struc-
tures be treated collectively?

Nonstructural measures are normally associated with local flood
control projects. The policy issues related to the formulation of 1lo-
cal flood control projects are the result of the planning constraints
that may be imposed on the process. The policy issue involving recrea-
tion at local flood control projects is an example. The Army has been
actively working with OMB to provide definitive policy guidance in this
area. One premise is that recreation should be limited to the water re-
lated potential created by the flood control project. An alternative
premise is that flood control and recreation should be considered as
equal purposes in a multiple-purpose project. While new guidance re-
garding recreation at structural local flood control projects is about
to be issued, virtually no progress has been made in addressing the role
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of recreation in nonstructural flood control plan formulation and
evaluation.

The new policy for structural local flood control projects is ex-
pected to require evaluation and conclusions based on flood control
only. 1If a flood control project is recommended, only the recreation
potential created by the land and water base needed for flood control
may be developed. Should such a policy be applied to nonstructural
projects? Certainly the answer is not easy. Problems arise with such
a policy when evacuation and land acquisition are considered. As will
be discussed later, such measures may not be justified on the basis of
flood control benefits alone. One thing is clear, however: Definitive
policies are needed for implementation of Section 73 of Public Law 93-
251 and for environmmental quality cost sharing before constraints or
limitations are placed on the scope of recreation development at non-
structural projects.

Another issue that will be difficult to resolve is the identifica-
tion of the Principles and Standards components of objectives (tradi-
tional project purposes). This issue is central to the question of Fed-
eral interest (cost sharing). For example, a plan for evacuation could
be called a flood control plan, a recreation plan, or an environmental
quality plan. The plan for resolving the water damage problem at Bay-
town, Texas, has been described as a mitigation plan for the water sup-
ply system, a traditional flood control plan, a hurricane protection
plan and an environmental quality plan.

The cost sharing implications of purpose identification are ob-
vious. Should projects be identified on the basis of the source of the
problem, the characteristics of the problem, the type measures utilized
to resolve the problem, or the project outputs? We need to be consis-
tent on this point. We have had some experience with this problem in
dealing with cost sharing for water quality control, but we still have
a long way to go in getting general agreement on this point.

BENEFIT EVALUATION

Benefit evaluation is very closely tied to plan formulation. The
way in which benefits are measured impacts directly on the way in which
plans are formulated and, ultimately, on the nature of the recommended
plan itself. Many nonstructural plans produce benefits which are broad-
er than our traditional concept of flood control benefits. Among these
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are environmental quality and recreation. Both of these benefit cate-
gories present evaluation problems, and we are all aware of the partic-
ular difficulties planners have with evaluating environmental quality
impacts, both beneficial and adverse.

While environmental quality benefit evaluation presents important
problems, these problems are not unique to nonstructural '"flood control"
measures. For this reason, we want to focus on the measurement of eco-
nomic benefits of nonstructural flood control projects. Our review of
the Baytown project, as well as discussions with many field personnel,
suggest that there is need for clear policy guidance in the area of
economic benefit evaluation.

A fundamental source of confusion is reflected in the claiming of
flood damage reduction benefits for projects which result in a change of
the use of the flood plain. While it is often said that a goal of the
flood control program is to reduce or even minimize flood damages,
strictly speaking our economic objective is to enhance the Nation's in~
come by reducing flood damages only when it is economical to do so.
Thus, when evaluating nonstructural as well as structural measures, the
evaluation should be based on a benefit-cost analysis as opposed to a
cost-effectiveness anmalysis.

Measures such as flood plain acquisition and flood plain evacuation
do not generate (except in the case of externalities) flood damage reduc~-
tion benefits. Here the distinction between impacts and benefits must
be clearly made. The benefit category 'flood damages reduced'" is appro-
priate only when the use of the flood plain is the same with and without
the project. Whenever the use of the flood plain is changed as a result
of the project, the applicable benefit category is location or land
enhancement.

This is most clearly demonstrated where agricultural land is ac-
quired to prevent agricultural flood damages. By removing flood damage-
able agricultural activity from the flood plain, flood damages are re-
duced, but this impact is irrelevant to the calculation of project bene-
fits. To claim flood damage reduction benefits would be analogous to
claiming a heart disease reduction benefit by executing heart disease
victims. Obviously, reducing the number of people with heart disease
through an execution program is not solving the problem even though the
statistic of zero percent incidence of heart disease would be impres-
sive. 1In the same way, zero flood damage obtained by evacuation of all
flood plains would not be beneficial to the Nation. Really, our objec-
tive is to increase national welfare by reducing flood damages whenever
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the increase in national income or in other intangible benefits resulting
from a project exceeds the cost of the project. On this basis we can ex-
pect to have flood damages for some time to come.

The case of urban evacuation and relocation plans is more complex
because of the greater importance of externalities, that is, that the
costs of flood damages are often not borne by the inhabitants of the
flood plain. The extreme case of externalizing flood damages is found
in situations where the flood insurance program is applied to existing
development. Because of the subsidized insurance provided to existing
development there may be cases where irrational flood plain occupancy
is encouraged. This is most likely to be the case in situations where
hydrologic conditions have changed significantly since the flood plain
was initially developed. Thus, we are aware that the National Flood In-
surance Program has impacted on the nature and magnitude of benefits as-
sociated with evacuation of developed flood plains, but considerable
analysis is needed before definitive evaluation procedures can be estab-
lished. However, reduction of flood damages cannot be credited to evac-
uation or relocation plans when the damages are suffered by the flood
plain occupants themselves.

PIAN IMPLEMENTATION

Cost Sharing

No discussion of the implementation of nonstructural flood control
plans would be complete without recognizing the cost sharing policy is-
sues. The opportunities as well as the problems created by Section 73(b)
of Public Law 93-251 must loom large in the discussion.

Traditionally, cost sharing in Federal and federally-assisted water
resource programs has been largely defined in terms of project outputs
or benefits. For example, we find a different cost sharing policy for
each of several functional categories--flood damage reduction, water sup-
ply and recreation. The principle of output-related cost sharing poli-
cies is a long-standing one in water resources, but longevity is not
sacredness as is shown by a careful reading of Section 73(a).

"In the survey, planning, or design by any Federal
agency of any project involving flood protection,
consideration shall be given to nonstructural al-
ternatives to prevent or reduce flood damages
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including, but not limited to, flood proofing of
structures; flood plain regulation; acquisition of
flood plain lands for recreational, fish and wild-
life, and other public purposes; and relocation with
a view toward formulating the most economically,
socially, and envirvommentally acceptable means of
reducing or preventing flood damage." (emphasis
added)

It would appear that Section 73(a) establishes a new project cate=-
gory: Projects which, in addition to providing some array of public
benefits~-for which there are general cost sharing policies--also re-
duce flood damages associated with the use of the flood plain without

the plan.

Section 73(a) would appear to be saying that flood plain recrea-
tion and fish and wildlife projects should be cost shared according to
the policy for flood damage reduction projects as opposed to a policy
reflecting their direct project benefits. While a rationale for such a
policy could perhaps be developed in terms of externalities associated
with flood plain occupation by flood damageable activities, neither the
Section 73 legislation nor the associated committee reports have artic-
ulated such an explanation. 1In the absence of some rationale, those
within the Executive Branch who are concerned with demands on the Federal
treasury will continue to question the feasibility of full implementation

of Section 73.
Section 73(b) states:

"Where a nonstructural alternative is recommended,
non-Federal participation shall be comparable to
the value of lands, easements, and rights-of-way
which would have been required of non-Federal in-
terests under section 3 of the Act of June 27,
1936 (Public Law Numbered 738, Seventy-fourth
Congress), for structural protection measures,

but in no event shall exceed 20 per centum of the
project costs."

These words create a number of specific problems:
1. Section 73(a) specifically identifies project outputs other

than flood damages prevented--land acquisition for recreation, fish and
wildlife and other public purposes. Land acquisition for recreation
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would normally be a non-Federal responsibility with credit provided to-
ward its 50 percent share of the overall recreation costs. Section
73(b) stipulates a maximum of 20 percent for the non-Federal share of
project costs. Recreation now has two cost sharing policies--50/50 and
80/20.

2. Hurricane protection provided by structural measures requires
a 30 percent contribution by non-Federal interests. For nonstructural
measures, the maximum non~Federal share is 20 percent.

3. 1In some regions of the country the standard a-b-c requirements
for local flood control projects approach 50 percent of the total proj-
ect cost. 1In such cases structural alternatives may require a 50 percent
non-Federal contribution while nonstructural measures would require a 20
percent contribution.

4. In addition to the obvious implementation problems associated
with flood proofing, the question of flood proofing for future develop-
ment is a sticky question.

5. 1Is Section 73(b) applicable to measures such as zoning and
flood warning systems?

Federal Role in Implementation

The Federal role in implementing the best water resources plan has
traditionally provided opportunities for non-Federal interests to par-
ticipate, when practical. Major reservoirs are generally constructed
and operated by Federal agencies. The inclusion of significant recrea-
tion development in flood control projects has resulted in a joint im-
plementation effort. Non-Federal interests may choose to construct fa-
cilities in addition to their responsibilities for operation and main-
tenance. Finally, the Flood Control Act of 1936, as amended, requires
direct participation by non-Federal interests in implementing local
flood control projects.

The Federal role in implementation of nonstructural measures has
not been established and may range from complete implementation to fi-
nancial assistance. There seems to be general agreement that non-Fed-
eral interests should implement measures such as zoning and flood warn-
ing systems. Flood plain acquisition and evacuation are within the ca-
pability of non-Federal interests in most instances. The expertise for
flood plain information studies will probably remain in the Federal
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agencies for some time. Flood proofing presents many difficulties.
There are likely to be as many special cases as there are flood proofing
projects. However, we should look to non-Federal interests for imple~
mentation of flood proofing schemes unless special circumstances dictate
Federal involvement. In any case what is needed is a clear set of policy
guidelines which define the respective Federal and non-Federal roles in
implementation.

CONCLUSIONS

This paper has focused on those areas within nonstructural flood
control planning and implementation which we see as requiring policy de-
velopment and field guidance. In closing, we would like to set forth
five propositions which we believe would serve as basic policy
principles:

1. Benefits must be evaluated on the basis of project outputs.
2. Projects should be identified on the basis of project outputs.

3. The conflicts in cost sharing policies need to be reduced to
a minimum.

4. A cost sharing policy for environmental quality must be estab-
lished; 50/50 may be a reasonable and workable policy.

5. Non-Federal interests should implement nonstructural measures
unless Federal involvement is required to insure the effective-
ness of the overall plan.

While there will, no doubt, be disagreement regarding the validity
of these principles, we do not think that anyone will argue that they do

not identify areas in which clear Army policies and legislative proposals
must be developed.

30 April 1976
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IMPLEMENTING NONSTRUCTURAL FLOOD CONTROL
MEASURES IN THE LOCAL COMMUNITY

By

L. Douglas James]

INTRODUCTION

Program Context

Since Executive Order 11296 requiring investigation of land-use control
as an alternative to structural flood control was issued in 1966, the Corps
of Engineers has been faced with seeking effective procedures for identify-
ing flood plains where the nonstructural approach is preferable, for decid-
ing which nonstructural measures are "best", and for working with local
governments and individuals as appropriate for their implementation. If non-
structural measures are to be compared with structural measures to see which
is preferable, some specific combination of nonstructural measures must be
identified. If the comparison is going to resolve the issue of whether or
not structural measures are appropriate the "best" combination of nonstruc-
tural measures must be the one identified. One problem was thus how to select
this "best" combination.

Once this first problem is overcome, the Corps is well organized for
proceeding if structural measures are found preferable but faces a second
problem of finding its appropriate role if nonstructural measures are found
preferable. If the preferred nonstructural measures are not implemented by
others, should the Corps deny a community a structural flood contral program
with a favorable benefit cost ratio? If the land-use controls that .would
have been preferable are not implemented, a day will be reached when structural
control is justified and by that time the cost will be significantly higher
than if the work would have begun earlier. Executive Order 11296 was intended
to reduce structural flood control costs rather than increase them.

The public interest would be better served if something were done to
implement the nonstructural program. That creates two more problems. The
commitment of the United States to individual freedom places restraints on
the tactics government can use, to a large part determined by what voters will
accept. The commitment to a constitutional separation of powers that places
responsibility for nonstructural programs in the hands of local government
places further restraints on a Federal agency. In accord with the American
tradition, the preference would be for employing the least governmental effort

]Visiting Professor, Department of Civil Engineering, University of
Washington,
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that would get the job done and the least Federal involvement that would get
the local communities to do their job. In fact, the public would probably
prefer additional flood damages to certain kinds of governmental activity.

The very practical question is what level of nonstructural protection (now

and projected to the planning hovrizon) can be achieved by efforts within these
bounds of acceptability. That acceptable level is probably short of the "best"
level as determined by an idealized model. In conclusion, planners must face
the fact that there are nonstructural measures that would effectively reduce
flood damages that cannot be implemented in a democratic society.

Part of the problem lies in the fact that many in the public and many
planners conceived and still conceive a nonstructural flood control program
as properly eliminating all flood damage caused by events smaller than a design
flood now commonly accepted as the 100-year event. Little allowance is being
made for the flood plain occupant who can demonstrate net benefits from expos-
ing himself to flood damage, even if these net benefits are far in excess of
the damages that he will experience. One may beg this question by bringing
up people who are exposing themselves to catastrophy unawares or who are plan-
ning to transfer the burden of any losses to the taxpayer, but the fact is
that economically, socially, and environmentally acceptable flood risks are
not being allowed. The day when a large share of the public perceives Tosses
from complying with nonstructural programs to exceed the benefits gained will
be one of reckoning for the flood plain management concept.

Information Needs

One purpose of this paper is, in the above context, to explore what can,
has, and needs to be done to resolve these issues in actual flood plain situ-
ations. How important are these conceptual problems in actual flood control
programs? What information on implementation problems is needed to define
the optimal set of nonstructural measures for a given flood plain, to determine
what is the most effective way for implementing them, and to decide what restric-
tions implementation feasibility places on what can be achieved? The state of
the art is still a long ways from answering all these questions, but some tools
are available for beginning.

CLASSIFICATION OF FLOOD CONTROL MEASURES

For the purpose of this discussion, nonstructural measures are defined
to include all efforts to reduce flood damage other than

1. Construction of reservoirs, channels, or levees.

2. Land treatment or other modifications of the tributary watershed to
reduce runoff.

3. Actions performed on an emergency basis at the time of the flood
event.
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For a positive definition, this includes all activities to minimize flood
damage through

1. The types of uses made of flood plain land either broadly (agricultural,
residential, commercial, etc.) or narrowly (warehouses, canneries,
heavy industry, etc.) defined.

2. The spatial pattern in which a given parcel is developed for its chosen
use (geometric layout and floor elevations of buildings and use areas).

3. Flood proofing to keep the flood water out of buildings by making them
watertight or by other means.

4, The use of building materials, construction methods, or furnishings
that are less damage prone or more easily removed during flood events.

The optimal combination of nonstructural measures may thus be thought of as a
geometric arrangement of buildings, use areas, and materials and methods used
in building construction. A given flood plain location may be viewed as having
some optimal combination as determined by its location and the state of the
economy at a given point in time. A number of economic models have been pro-
posed for determining this optimal combination for a given flood plain Tocation
at a given time,! but none of them have proved entirely satisfactory in routine
application. The prevailing practice has gone to administrative selection of

a 100-year design flood (not necessarily the economic optimal design flood),
the designation of some kinds of development as relatively damage prone and
other kinds as relatively damage free, and prohibition of "damage-prone"
development at Tocations and elevations subject to inundation by the 100-year
flood. The reasons why this has occurred and the wisdom of this approach are
interesting topics for discussion on their own right, but do not belong in this
discussion of implementation of the selected nonstructural program by whatever
means that selection was made.

Before going on, however, it is worthwhile noting that one major differ-
ence between the optimal and the administratively selected plan is the much
greater variation within the former. Economic optimality (maximization of
benefits net of costs) would indicate different design flood return periods,
different decisions on land use, and different flood proofing policies parcel
by parcel. Consideration of environmental and social factors may even increase
this diversity. Implementation and enforcement would be an administrative
nightmare. Flood management policy is thus already departing from optimality
because of administrative convenience. Is program administration going to be
more responsive to convenience than individual rights?

Implementation of the selected nonstructural program involves changing
the building and use areas from their current to the selected state. Sometimes

]James, L. D., "Computers in Flood Control Planning," Proceedings of the

ASCE, Vol. 95, No. HY6, 1968, pp. 1859-1870.

Day, J. C., "A Recursive Programing Model for Nonstructural Flood Damage
Control," Water Resources Research, Vol. 6, 1970, pp. 1261-1270.
Arvanitidas, "A Computer Simulation Model for Flood Plain Development,"
IWR Reports 72-1, 73-1.
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the current state is already the desired one, and implementation involves
keeping that state from changing. The feasible land use measures are usually
of this sort because of the high cost of reverting developed land to an unde-
veloped state. Flood proofing existing buildings is considerably more expen-
sive than flood proofing new construction; but once the flood plain is
developed, flood proofing is likely to be the least expensive approach.
Obviously, information on the current state is very important in determining
the optimal program.

For purposes of identifying implementation problems, the two principal
nonstructural measures are 1) hazard-commensurate land use and 2} flood proof-
ing. Each of these has two cases depending on whether or not incommensurate
land use or unflood-proofed development has already occurred as outlined at the
top of Table 2.

%

AVATLABLE IMPLEMENTATION MEANS

Once a desired nonstructural approach to flood control is selected for a
given parcel, an implementation policy somewhere between 1) sitting in the
office and hoping that just that idea will dawn on the property manager and
2) purchasing the property and developing it is just that way must be selected.
Both of these extremes are likely to be unsatisfactory, but Table 1 presents
seven other implementation alternatives covering the spectrum in between that
governments can use to motivate a desired response from flood plain property
managers. The table defines each means, describes its intended effect, and
suggests obstacles likely to stand in the way of success.

In going down the list from means to means, one can see that (as a
general trend but not necessarily monotonically on each and every flood plain),
1) implementation cost increases, 2) the probability of political opposition
on either financial or constitutional grounds increases, and 3) the probability
that the means will indeed generate the desired nonstructural measures increases.
The means are not mutually exclusive, and any combination of up to all of them
could be employed simultaneously.

PROBABLE RESPONSE PATTERNS

If the manager of every flood plain property would always implement his
part of the official flood plain management plan once he received precise
definition of his hazard exposure, the entire plan could be implemented simply
by disseminating information on the flood hazard. Its low cost and political
acceptability (because no one would have to sacrifice any property rights) make
this first means on Table 1 ideal if it would only do the job. Experience with
the variability of human perceptions, abilities, and objectives, however, makes
it unreasonable to expect any such thing.
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Table 1.

GOVERNMENT MEANS FOR PROMOTING INDIVIDUAL FLOOD CONTROL MEASURES

Means

Intended Effect

Obstacles

1. Disseminate in-
formation on flood
hazard

2. Disseminate in-
formation on adverse
external or ecolog-
ical effects of
flood plain
occupancy

3. Use taxes or
other charges to
penalize
“inappropriate"

individual activity.

4. Provide expert
advice on the
design of individ-
ual measures.

5. Inact and
enforce land use
and building code
regulations.

6. Subsidize
financing of in-
dividual measures

7. Purchase hazard
areas for recrea-
tion or natural
uses.

People who know of the hazard

will be motivated to employ

individual measures, and data
on the degree of hazard per-

mits better measure design.

People who understand these

effects will be motivated to

avoid actions that cause
them. This can complement
risk as a reason to avoid
flood plain development.

A more direct financial
incentive will induce
greater employment of
individual measures.

People with ready access to
information on their range
of alternatives and of the
details for cost effective
designs will select more
effective individual
measures.

People will comply with
these statutes.

People can afford measures
that are in the public in-
terest but not economical
from their personal view-
point. Financing is
provided for those without
cash in hand.

Public ownership will
eliminate private flood
plain development. The
land can be used to pro-
vide recreation opportun-
ities and preserve
valuable natural areas.

Information not received, not
reviewed, or not understood.
Understood information used to
pursue goals that are not in
the public interest.

Same as for flood hazard infor-
mation but greater variation in
understanding and goals is
Tikely.

Difficult to set fajr rates and
to obtain political approval.
places burden on low income
groups that cannot afford
individual measures.

Advised action may be too costly
for property manager to imple-
ment. People may not understand
the technical information or have
different goals than the experts
providing the advice.

Financial burden for a program
of general benefit is concen-
trated on flood plain property
owners. Compliance and enforce-
ment grows lax without a continu-
ing consensus on the wisdom of
the regulations.

Program is costly to finance.
Political approval may be dif-
ficult. Public money may be
wasted if measures are not
maintained. Subsidy may encourage
flood plain occupancy.

Purchase is very costly. Con-
demnation may be difficult or
impossible.
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One may then ask how far down the list (Table 1) of progressively
stronger and more expensive Mmeasures does program implementation have to go
before universal compliance can be guaranteed. Experience here says that
no amount of effort (within the constraints of democratic society) can
guarantee universal compliance. Some variances will always occur. In
Tight of this fact, it is manifestly extravagent to attempt to guarantee
universal success through nonstructural measures. The marginal cost of
eliminating the last few variances rises sharply as one moves closer toward
complete success. Failure of one land manager to employ the optimal non-
structural flood contrel program for his property is not the disaster that
failure of a dam or levee is.

Given that guaranteed continuous compliance is manifestly “mpossible,
it is more rational to recognize variances as a fact of life and plan imple-
mentation of a nonstructural flood control program from the outset on the
basis of a preselected target level of compliance. In order to do this,
level of compliance must be defined. A working definition of the concept
is best developed by considering how a population of managers of flood plain
property would respond to a set of implementation means. Some will respond
with just the "right" actions. Others who respond will do something differ-
ent than the planner intended and may end up with either more or less than
optimal protection. Still others will do nothing, either because they still
have not become aware of the problem or because they have chosen to ignore
it for one of many possible reasons. Many responses that are not quite
optimal will be too close to justify greater implementation effort to get
that individual to do better.

This conceptualization of the response pattern suggests that a target
level of compliance might reasonably be specified in a format 1) along the
Tines of 80 percent of the flood hazard area will be protected by nonstruc-
tural measures to hold expected annual damages to within 10 percent of optimal
values, 95 percent within 25 percent, and 99 percent within 100 percent;

2) total expected flood damage will be within 15 percent of optimal values,
and 3) no variances that display unreasonable disregard for human safety
will be allowed. It is worth noting here that this last specification
implies that nonstructural programs have an inherent disadvantage when com-
pared to structural programs for application in areas subject to a flood
severity potentially hazardous to human 1ife because they cannot guarantee
universal success and Tives will be lost.

If this format is acceptable for specifying a target level of compliance,
the next problem is how to fill in specific numbers. From economic theory,
we know that one can optimize on this sort of planning issue by comparing
marginal costs with marginal benefits and determining the point where the
two are equal, the point where the sum of program cost and residual flood
damage is minimized. The items pertaining include 1) program implementation
costs by the responsible public agencies, 2) costs incurred by property
managers in making their responses, and 3) residual flood damages. In bal-
ancing these costs, it is also necessary to recognize that an implementation
program strong enough to bring everyone up to minimum standards may cause
others to spend too much and that this cost tradeoff needs to be balanced
too. At the present state of the art, we know too little about these cost
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functions to optimize on a target level of compliance, but perhaps we can
weigh these considerations sufficiently well qualitatively to fix a reason-
able target. The increasing number of nonstructural flood control programs
around the country provides a growing base for collecting empirical data

on what can be achieved.

Once a target level of compliance has been defined, economic theory
could still be applied to select a least cost combination of implementation
means provided one can 1) estimate compliance and 2) estimate implementation
costs. The first criterion used in the format for target compliance outlined
above implies a relationship between 1) expected flood damage on a given
land parcel as a fraction of the damage that would occur with the selected
nonstructural program, and 2) the percentage of the flood plain area subject
to less than that amount of damage. Its form is plotted in Fig. 1. If no
implementation means are used, some "do nothing" response pattern will re-
sult. An inadequate program (for example, employment of only the first
means on Table 1) will improve the response pattern but not reach the target
points. As additional means are employed (additional implementation cost is
incurred), the response pattern can be moved toward the target goals; and
finally, provided that the target is realistic, the goal points can be achieved.
Again, the growing experience with nonstructural flood control can be used to
gather empirical data for plotting these curves.

On Fig. 1, the curves are aggregated over the flood plain. Implementa-
tion through any selected set of means will elicit the desired response
from some managers, insufficient response from others, be ignored by still
others, and may actually generate some responses that increase flood damage.
The line plotted to represent the response to an inadequate program falls
below the dashed horizontal Tine representing desired response on the left
side (the crossing point represents a manager fraction making the desired
response) but does not merge into the "do nothing" response line on the
right side because some of the managers who do worst without any program
may respond very favorably to very mild implementation means.

In order to understand the reaction processes better, it is reasonable
to group the population of flood plain managers into discrete groups of
those making 1ike responses and then try to identify common characteristics
for each group. If this grouping and relationships between group charac-
teristics and observed responses can be established from empirical data.
The results could then be used to predict response patterns of flood managers
in measurable characteristic situations to defined implementation means. The
cost of implementing a given means will also vary with group characteristics
(e.g., various group attributes affect the most efficient way to disseminate
information), and available empirical data should be used to define these
relationships too.

If these sorts of information can be accumulated, the most reasonable
approach to systematic application would be through a simulation model. The
data would provide the probabilities of various responses from the defined
situation characteristics, and Monte Carlo methods can be used to generate
a manager response (or cost) for each situation. The results can be aggre-
gated into a curve such as those plotted on Fig. 1. This procedure is par-
ticularly recommended for nonstructural measures because it gives an anonymity
to the responses of particular individuals that is highly desirable for plan-
ning in a democratic society. Nonstructural programs are headed for real
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Fig. 1. Conceptual Responses to Nonstructural Flood Control
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trouble if they ever become involved in opening what individual property
owners do with their own property to the same sorts of public discussion
now voiced on structural measures.

“%ACTORS AFFECTING RESPONSE PATTERNS

Engineers design structural measures from project specific information
on topography, soils, geology, and other factors that they have long since
Tearned must be taken into account in implementing a physical system that
will function as desired in controlling flood waters at an acceptable cost.
Those responsible for implementating nonstructural flood control programs |
simply cannot afford to overlook the importance of project specific informa-
tion on factors relating to how well a nonstructural flood control program
will function in preventing people from exposing themselves to flood damage.
Today, we laugh on reading the Congressional debates over whether it would
be worthwhile to fund the data gathering program of the U. S. Geological
Survey or whether an engineer can design an efficient irriga?ion system in
the field without topographic mapping and flow measurements. It would be
just as ridiculous to try to implement a nonstructural flood control program
in 1976 as it would have been to try to implement a structural irrigation
program in 1890 without project specific information. To go from principles
to specifics, however, we need to determine what information is needed.

The information collection goal should be to make the best possible
estimates of 1) how the managers of flood plain property will respond to
the implementation means, 2) how the community will respond in its evalua-
tion of the acceptability of the program as a legitimate use of taxpayer's
money, 3) the cost of executing the implementation means, and 4) the finances
and professional skills available to the government having jurisdiction over
the flood plain. Even a superficial evaluation shows that flood plains vary
on all four accounts. A program of implementation may work wonders on one
watershed but fail miserably on another, and the collected information should
be adequate for the task of predicting this in advance.

Four sets of factors that should be evaluated in comparing implementa-
tion means are outlined on Table 2. The first set is a list of the basic
nonstructural measures and could be discretized on a much finer grid by
defining various types of urban and agricultural land use or of flood proof-
ing. The three attributes of the physical situation were those found most 5
significant in a study that originally began by defining a much longer set.

In the same study, 18 hypothesized community attributes and 24 hypothesized
attributes of the flood plain manager were reduced to the six most significant
of each. Obviously, the state of the art is nowhere near sufficiently
advanced for the attributes 1listed on Table 2 to provide a satisfactory list

]U. S. Senate Report 928, Irrigation, 51st Congress, Ist Session,

Serial No. 2707, 1891.

2James, L. D., "The Use of Questionnaires in Collecting Information for

Urban Flood Control Planning," Environmental Resources Center Report
No. ERC-0274, Georgia Institute of Technology, Atlanta, 1974.
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Table 2.

FACTORS AFFECTING RESPONSE TO IMPLEMENTATION MEANS

Attributes of the desired response

[

2.

A more hazard-commensurate land use
a. by reducing new incommensurate development
b. by removing existing in commensurate development

Flood proofing protection of flood plain development
a. of new development at the time of construction
b. of already existing development

Attributes of the physical situation

1.
2.
3.

Recent flood history in terms of the frequency at which flood damages
occur and whether or not by chance a major flood has occurred recently.
Ease with which a Tayman can identify flood prone areas because of a
distinct physical appearance.

Size, shape, and location of flood plain areas in that larger blocks
of land become harder to leave idle as part of the landscaping of a
development program.

Attributes of the community responsible for program impiementation

1.

N

[S LI 7

Recognition of flooding as an important problem for the community
as a whole.

Concern within the community over environmentalism in general and
protecting flood plain ecology in particular.

Acceptance of the means as compatible with the value systems or
political philosophies of the people in the community as a whole.
Financial and manpower resources available to the community for
program implementation.

Willingness of the community body politic to raise taxes to undertake
new programs of public benefit.

Philosophy of the people within the community as a whole on the
responsibility of government to help out individuals in trouble.

Attributes of the managers of flood plain property

-
°

Time, ability, and inclination to take on the various measures.
Motivation for flood plain occupancy on a scale from being caught
unaware at a site chosen for entirely other reasons to purposefully
moving onto the flood plain, fully aware of the risk, in order to
enjoy such benefits as natural areas and seclusion.

Understanding of and sympathy for the selected nonstructural measures.
Philosophy on individual rights with respect to what the government
should or should not require.

Perceived personal benefits from implementation of the nonstructural
flood control program.

Perceived personal losses from changes that would occur if the non-
structural program were implemented, particularly the loss of rights
to develop flood plain property.
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of independent variables for a working planning model for predicting response
to the means used to implement a program of nonstructural measures. The
intent is only to provide a reasonable starting point for quantitative
analysis.

FACTOR QUANTIFICATION AND INTERPRETATION

Quantitative analysis requires specific definition of each variable so
that it can be measured and a systematic measurement procedure that will give
consistent results when independently applied to the same situation. The
definition should capture the aspects of the variable that are most highly
correlated with response, and definition should thus be refined to improve
the predictions as modeling progresses. These tests of correlation and con-
sistency were used in developing methodologies for quantifying each physical,
community, and flood plain manager attribute listed in Table 2.! Specific
definition of the physical factors permitted their measurement from streamflow
records or topographic maps. The fourth community factor was defined so that
it could be estimated from a qualitative assessment of the resources and
capabilities of the staff of the community government. The other five com-
munity factors were defined for estimation by scaling responses to question-
naires answered by a random sample of the citizens of the community. All
six flood-plain-manager factors were defined for estimation by scaling from
questionnaires answered by the affected individuals classified into two groups
according to whether their home or a business property is exposed to the
hazard. The most important factor here is to exert special care in obtaining
questionnaires from respondents representative of community opinion making and
flood-plain-property-manager decision making. Fach factor should be measured
for the relevant population, and the results can be normalized on a O to 1
scale. Such an application has been published.2

A COMPREHENSIVE MODEL FOR PLANNING

A comprehensive flood plain management program should combine structural
and nonstructural measures based on information on available implementation
means and the results that they can reasonably be expected to achieve in the
measured real-world setting as well as on what could be achieved if ideal
flood plain management practices were universally followed. Fig. 1 provides
a conceptualization for comparing real-world with ideal response. Table 3
summarizes the major tools required for comprehensive analysis. The present

1James, L. B., "Formulation of Nonstructural Flood Control Programs,"

Water Resources Bulletin, Vol. 11, Aug., 1975, pp. 688-705.

2James, L. D., Benke, A. C., and Ragsdale, H. L., "Integration of

Hydrologic, Economic, Ecologic, Social, and Well-Being Factors in Plan-
ning Flood Control Measures for Urban Streams," Environmental Resources
Center Report No. ERC-0375, Georgia Institute of Technology, Atlanta, 1975.
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Table 3. TOOLS FOR A COMPREHENSIVE NONSTRUCTURAL PROGRAM PLANNING FRAMEWORK

]‘

4.

A model for selecting an optimal nonstructural program from economic.
ecologic, and administrative considerations.

Systems for measuring the physical, community, and flood plain manager
factors listed on Table 2.

Relationships for predicting the probabilities of the various responses
that the manager of flood plain property might make given his measured
attributes, the measured physical and community context, the specified
implementation means, and the initial situation. As an example set of
responses, an owner of undeveloped flood plain land may 1) keep his
parcel undeveloped, 2) develop it in a conforming use, 3) develop it in
a nonconforming use but flood proof, or 4) develop it in a nonconforming
use. Obviously a larger set of more precisely defined responses would
be a possibility for a more advanced model.

A simulation model for predicting the response pattern to a specified
set of implementation means from measured factor values and available
relationships.

A simulation model for predicting the cost of implementing a specified
set of means from measured factor values and cost relationships.
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situation is that the optimization models that have been developed assume an
ideal response.  Measurement systems and prediction relations are in the
embryo state and could be developed much more quickly if a body of empirical
data could be obtained on how managers of flecod plain property are responding
to nonstructural flood control programs in different contexts. Reactions to
the means being implemented by communities in order to qualify for the flood
insurance program need to systematically observed. The simulation models
cannot be developed until the response relationships are more firmly at hand.

Table 4 outlines an 11-step program for using these tools in planning
a nonstructural flood control program including both optimal measures and
optimal means. The purpose of the outline is to provide a general framework
for continued development of the methodology fully recognizing that modifica-
tions will be required as progress continues. The key features are 1) beginning
from a "do nothing" curve as a base for quantifying what the implementation
means have actually achieved, 2) considering the effectiveness of the imple-
mentation means employed in comparison with their costs, 3) specifying a
target level of compliance and using empirical data to determine whether its
achievement is realistic and desirable, and 4) providing an explicit decision-
making framework for dealing with the question of what to do if nonstructural
measures do not prove to be technically feasible as originally conceived.

APPROXIMATE METHOD

Current methodology, however, is not nearly this far advanced. One
approximate strategy! is

1. To formulate a target nonstructural program including one or more
of the four measures listed at the top of Table 2. Specific programs are
possible for each subsection of the total flood plain.

2. To select the implementation means that seem most applicable to
the chosen measures. For example, the dissemination of information on
adverse ecological effects seems reasonable as a deterent of flood plain
development but hardly seems a reasonable way to encourage people to flood
proof existing buildings.

3. To select a few of the physical, community, and flood plain-manager
factors that seem likely to be critical to the success or failure of each
selected implementation means. For example, it seems reasonable to hypothe-
size that the dissemination of flood hazard information is most likely to be
successful in motivating nonstructural measures if 1) the community recognizes
its flooding problem as important enough to warrant a continued commitment to
keeping the information dissemination program going, 2) the flood plain

]See James, "Formulation of Nonstructural Flood Control Programs," for
its details.
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Table 4. STEPS IN PLANNING A NONSTRUCTURAL FLOOD CONTROL PROGRAM

1.

10.

11.

Determine the current land use and flood proofing within the area being
analyzed and estimate the associated expected annual flood damages by
parcel.

Use an appropriate model to select a target nonstructural program (a

spatial pattern of hazard-commensurate land use and flood proofing of
conforming uses) from economic, ecologic, and administrative considerations;
and estimate the associated residual annual flood damages by parcel.

Combine the results of the first two steps to plot a “do nothing" curve
normalized on the basis of the target program as defined on Fig. 1. This
curve is likely to vary with the time since the last major flood; and by

a more refined definition, the "do nothing" curve would be an average over
the range of conditions expected within the planning period.

Select a target level of compliance for achieving the target nonstructural
program.

Measure the physical and community factors for the flood plain being
studied (or factor sets if the total study area exhibits physical diver-
sity or crosses community boundaries).

Measure the flood-plain manager factors by survey methods that preserve
the anonymity of all involved individuals.

Select an alternative combination of implementation means and employ the
response-simulation model to generate a corresponding response curve.

Estimate the cost of the alternative from the cost-simulation model.

Adjust the combination of implementation means to match the target level
of compliance more closely or to reduce cost, and repeat steps 7 and 8.
Repeat the cycle as desired for improved results.

If the target level of compliance cannot be achieved at reasonable cost
or without creating other implementation problems, lower the target as
needed to reach a feasible zone.

With the implementation costs and the effectiveness (residual damages
now known), return to the model for selecting a target nonstructural
program to determine how the optimal combination of measures is affected.
For example, structural measures may turn out to be more economical
after all once the cost of implementing the nonstructural program is
known. If the optimal program is substantially different, repeat steps
2 through 10 until the analysis stabilizes.
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managers have the time, resources, and inclination to act on their own, and
3) the flood plain managers perceive significant benefit from the measures
that they employ.

4. To measure the selected factors and note any results that suggest
implementation difficulties. Major difficulties would suggest shifting to
alternate implementation means, to alternate nonstructural measures, or
from nonstructural measures to a structural program.

Such an approximate method is a significant improvement over ignoring
project specific information on Tocal physical and social conditions altogether,
but it has several major drawbacks. Selection of the implementation means and
the key factors is based entirely on judgments of reasonableness that must be
made from minimal experience and no supporting empirical data base. No
empirical data are available for use in deciding what numerical factor
scores indicate severe enough implementation difficulties for shifting the
program design.

APPLICATIONS OF THE APPROXIMATE METHOD

The approximate method outlined above was applied to the flood plains
along three small creeks in metropolitan Atlanta, Georgia.l The first,
Noonday Creek has a wide flat flood plain in a middle class residential area
Just beginning to experience rapid development most of which so far is
located on the fringes of the 100-year flood plain and thus away from the
stream. The economic analysis used to formulate a target nonstructural
flood control program selected a program relying on the flood proofing of
new buildings at the time of construction. The measured factors suggested
that such a program would be in difficulty because neither the community
nor the managers of flood plain property believed that they have a signifi-
cant flooding problem and the latter group are unlikely to be willing to
spending extra money for flood proofing at the time of development. A
hazard-commensurate land use pattern would Probably have a more favorable
response because less immediate cash outlay is involved.

The second, Proctor Creek flows through a black neighborhood comprised
primarily of older lower class homes but also containing a few newer homes
in the middle class price range. The economic analysis selected a program
relying on flood proofing the existing buildings. Damages were too low to
Justify either structural measures or evacuating the existing developed area.
The measured factors showed that flood proofing was acceptable in concept
because the people had been flooded often enough to know that they had a
problem and to recognize that something should be done. The factors also
showed, however, a population of flood plain managers whose Tow incomes
would make it very difficult for them to finance flood proofing their homes
and who had very little time, ability, and inclination to undertake flood
proofing on a do-it-yourself basis. Financial assistance was thus identi-
fied as a key implementation means in this case.

1James, Benke, and Ragsdale, op. cit.
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The third, Warren Creek floods a row of middle class houses that back
onto the flood plain. The economic analysis selected construction of a
small earth levee between the backs of the houses and the creek as the
least expensive program but showed flood proofing to be not far behind. In
this case, the flood plain managers were all aware of the problem, perceived
a need to do something, were inclined to do it, and had sufficient income to
afford modest expenditures to protect themselves. From the point of view
of implementation, this would be the easiest of the three areas in which to
develop an effective flood proofing program.

SUMMARY

The purpose of this paper is to identify some fundamental questions on
the implementation of nonstructural flood control programs for discussion
and not to present answers. The state of the art is still a long ways from
that. If studies have thus far established any one fact, it is that non-
structural measures are not always implementationally feasible; and there-
fore, project specific information should be obtained and analyzed for each
flood plain for which the nonstructural approach is being seriously considered.
It is far better to find out that a program won't work in a planning evalua-
tion than through failures at the time of implementation. In order to do
this, we must develop methods of analysis that can do a better job of identi-
fying probable success. This paper has outlined some thoughts on how the
analysis might be improved. I expect that this group can furnish ideas that
can be used to improve it ever more.
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REAL ESTATE POLICY IN
NON~-STRUCTURAL FLOOD CONTROL PLANNING

By
1
E. L. Ingram, Jr.

Any discussion of non-structural flood control planning is necessarily
intertwined with the whole issue of land use. Land use regulation has
only recently come to the fore-front as an issue to be dealt with in a
sound, balanced way. With the release of the Public Land Law Review
Conmission's Report in June 1970, a concerted effort to codify, and where
possible, to simplify the public land laws was begun in earnest. Land

use legislation has been wending its way through Congress for several
years now, without having come to a final vote. This is partially because
of the emotional reactions generated by such legislation. The proposed
law would set up certain incentives if local jurisdictions made compre~
hensive plans concerning the use of land on a regional, and even statewide
basis. The law would provide that where Federal lands are involved, their
proposed use must be coordinated with the director of a National Land Use
Policy Board. The fate of this legislation is still pending, but it seems
certain that some type of land use law will be passed in the near future.
Implicit in such legislation is the recognition that State Governments
should get into the business of land use control and long-range land use
planning. It is realized that there will be apprehension by those who
believe in the traditional system of local control over land-use decisions.
However, this may be unwarranted since appropriate local decisions will
remain under local control. The difference is that land use decisions
must be made with the recognition that they have implications beyond the
particular town or county in which they are made. This means an integrated
approach that will be of benefit to all.

It would be well to look at some of the case law in the field of land use
regulation. Early in our history, the courts construed the taking clause
of the 5th Amendment to the Constitution strictly, so that in order for an
owner to receive compensation his property must have been actually taken in
the physical sense of the word. No indirect or consequential damage
warranted compensation. A new direction appeared in the early 20th
Century, primarily promoted by Justice Holmes. In 1922, Holmes announced
his famous rule in Pennsylvania Coal Co. v. Mahon: "The general rule at
least is that while property may be regulated to a certain extent, if
regulation goes too far it will be recognized as a taking." Thus, when

a diminution of property values by regulation reaches a certain magnitude,
a taking occurs. Based on this reasoning, the courts have continued to use
a balancing test--a weighing of the public benefits of the regulation
against the extent of loss of property values.

1E. L. Ingram, Jr., Chief, Acquisition Division

Directorate of Real Estate, Office, Chief of Engineers
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The application of this balancing test has been left mostly to the state
courts. In general, the courts seem to have established a "presumption

of validity" for local regulations of land use, although in many states
the presumption is easily rebutted. Consequently, the question of whether
there has been a taking turns on the particular facts in a given case.

In this light, we should examine two fairly recent state court decisions

in the area of flood plain zoning. In a 1971 case out of Michigan, a

local flood plain zoning ordinance was struck down. (Sturdy Homes, Inc.

v. Township of Redford, 186 NW 2d 43). In that case the Plaintiff brought

an action to compel the Township to issue a building permit. The Township

had refused since the property lay in an area designated as a flood con-

trol area. The court held that denial of the building permit was unreasonable
and granted the requested relief. It pointed out that although there had been
floods in the general area, plaintiff's land had never been flooded. The

only use that he could make of the land was to build a detached single

family house, and in doing so there was no danger to public health or

safety from flooding. The Appellate Court upheld the lower court's

decision, but took issue with the finding that flood plain zoning was
confiscatory in that it constituted a taking of private property without

just compensation. Rather, the test was one of reasonableness measured

in light of its relationship to the public health, safety, morale and

general welfare of the community as a whole.

The opposite view upholding a flood plain ordinance was the subject of a
1972 California case. (Turner v. County of Del Norte, 24 Cal. App. 3d 311).
This was an action against the county brought by a sub-divider and other
landowners alleging an inverse condemmation in that the zoning of their
property under the flood plain ordinance amounted to a taking without com-
pensation. The court held that the county was acting within the scope of
its police power in enacting the flood plain zoning ordinance and there
was no taking of property. The facts showed that there had been a prior
history of extensive flooding of the land. The zoning regulations were
adopted in 1965 and 1966. The ordinance prohibited permanent residences
and commercial and public buildings, while allowing boating facilities,
campgrounds, trailer parks and agricultural uses. The court pointed out
the history of flooding and that anything built in the zoned area would

be subject to being destroyed by floods, and endanger lives and health.
Therefore, the ordinance was reasonable in relation to the health, safety,
and welfare of the public.

Although the state of the law on land use cases is somewhat confused, one
generalization can be drawn. There is a strong tendency on the part of

the courts to approve land use regulations if the purpose of the regulation
is statewide or regional in nature rather than merely local. Although the
courts are supporting local land use regulaticns with a reasonable degree
of ccnsistency, they show an obvious preference for regulations having
brocad multi-purpose goals.,



The aforementioned cases deal with local zoning powers which the Federal
Government of course does not have. Consequently, where the Federal
Government is directly involved in this type of flood prevention, it must
do so by acquiring a controlling interest in the land, either outright

in fee or with some restrictive type of easement. Under such a plan, all
landowners affected would receive just compensation for the interest
acquired from them.

Our policy in any type of land acquisition program is to purchase the land
whenever possible through actual, practical and realistic negotiations.

We operate under the provisions of Title III of the Uniform Relocation
Assistance and lLand Acquisition Policies Act of 1970, Public Law 91-646.

The amount offered for the land is developed by an appraiser using standard
appraisal methods, whose report is thoroughly reviewed by an experienced
reviewing appraiser to insure that it is adequately prepared and consistent
with other similar values in the area. The full amcunt of the appraised
value so developed is offered to the landowner, who may accept or reject it,
or bargain for some higher figure. If we cannot reach agreement with the
landowner because we feel the price he is asking is too high, we must then
resort to the Government's power of eminent domain. Condemnation proceedings
are instituted with the filing of a Declaration of Taking. Along with this
instrument, the Government deposits into court its estimate of compensation,
which can be withdrawn by the landowner for his use pending the f£inal outcome
of the case. Title automatically passes to the Government upon filing of
the Declaration of Taking, and the only issue remaining is the determina-
tion of just compensation. The Government may obtain possession of the
property, but must give at least 90 days written notice before displacing
the occupant. Public Law 91~646 also provides certain relocation assistance
benefits designed to assist those persons whose property is being taken for
a public use.

I have given you a general overview of our land acquisition policy. We

might look at how this fits into the subject of non-structural flood control
planning. Section 73 of Public Law 93-251 is a mile post in legislation and
provides a mandate for the consideration of non-structural alternatives in
flood control planning. I might point out at this time that the 1961 Survey
Manual of the Corps, EM 1120-2-101, paragraph 1-76, provided that reports
should discuss various practical methods of solutions to flood problems,
including, either singly or in combination, flood plain regulation, evacua-
tion and resettlement, and the usual traditional structural measures of
increasing flood carrying capacity or control. One of the alternatives to

a flood control structure would be to acquire the land or impose an easement
thereon. The main consideration of this alternative would be the cost
involved. If the area is developed to the point that the cost would be
prohibitive in terms of other alternatives, land acquisition would not be

the answer. However, such programs may often provide the best answer to
accomplish the goal of effective flood control when weighed against all the
issues, including the citizens' expectations and environmental considerations.
Therefore, the consideration of land acquisition must be included in the
planning of any flood control project. It should be pointed out that Section 73
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requires that where a non-structural alternative is recommended, non-Federal
participation from any local interest shall be comparable to the value of
lands, easements, and rights-of-way which would have been required of non-
Federal interests under Section 3 of the Act of June 27, 1936 (Public Law
738, 74th Congress), for structural protection measures, but in no event
shall exceed 20%Z of the project costs. Thus, cost-sharing is comparable

to traditional structural alternatives for local protection projects. The
maximum non-Federal contribution of 207 is the average cost experience on
traditional structural flood control plans.

Paragraph 9 of the draft ER on Non-Structural Alternatives in Flood Related
Planning deals with real estate interests (ER 1105-2- » 19 March 1976).

It points out that we have the capability to acquire the necessary real
estate interests for non-structural measures, and that land acquisition by
the Corps would assure uniform procedures nationwide. The paragraph mentions
aspects of non-structural measures other than acquisition which affect real
estate. It states that in instances where flood insurance is required as a
condition of Federal involvement, local interests will insure that flood
insurance is acquired annually for each of the improved properties that remain
in the project flood plain. The regulation requires that before construction
of any non-structural measure such as flood proofing, raising, or relocation
of a building to a new site, legal and enforceable contracts must be executed
between structure owners and the local cooperating agency. In instances
where a building owner does not desire that his building be raised, this
building will be eliminated from the plan of improvement. Where buildings
are to be relocated to a new site and the owner does not wish to relocate,
the property shall be purchased. The regulation points out that care must

be taken to insure that evacuated lands are used for purposes outlined in

the management plan such as recreation, fish and wildlife, or open space.

To insure that these lands are used in accordance with the management plan,
the Corps will purchase the land, remove structures, restore the land,

and convey the land to another Federal agency or to a state agency with the
condition that it revert to the Federal Government if not used for the
purposes outlined in the management plan. Where evacuation is recommended,

a person may elect to live in his house for a term not to exceed 15 years.
When a person selects this option, the Corps will purchase his property,

but any benefits under the Relocation Assistance Act, the Flood Insurance
Act, or the Flood Disaster Protection Act will be forfeited.

Thus far, there have been three projects where we have been involved on a
planning basis for non-structural alternatives, but two of these have not
been funded. All three were authorized by the Water Resources Development
Act of 1974, Public Law 93-251. The first of these is to provide flood
protection for Prairie due Chien, Wisconsin, a city of about 6,000 that is
situated along the Mississippi River in a valley 1-1/2 miles wide. Approxi-
mately 427 of the town's area is developed, with potential for future
development of another 40%. Local interests requested aid in developing

a flood control plan, and Federal and State representatives expressed
interest in the project. Floods in 1967 and 1969 stimulated the community
drive for flood control. Wide support was given by city officials for a
permanent evacuation plan that would allow prudent use of the flood plain
areas, such as an expanded park system to complement the existing historical
and water-based attractions within the community.
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The only practical and economically justified solution to the flood problems
at Prairie du Chien would be a project to flood-proof or evacuate and
relocate business and residential structures in the flood plain. This would
involve the purchase and demolition of approximately 48 structures, reloca-
tion of about 157 structures, raising and flood-proofing about 40 others,
and management of the flood plain in a manner compatible with the objectives
of the project. The project authorization requires that local interests
furnish assurances of local cooperation, including Federal ownership of a
flowage easement on lands in the design flood plain, and bear 20% of all
project costs, presently estimated at $460,000.

The Charles River Watershed in Massachusetts is another example of a project
being planned on the basis of non-structural alternatives. Like Prairie du
Chien, the project is also authorized by Section 2 of PL 93-251. The
planning studies showed that the natural valley water storage contained in
the many swamps, marshes and other wetlands in the Charles River Basin modify
the high and low flows of the river in the same manner as a reservoir, and
provide a natural solution for the basin's growing flood control problems.
Continuing urbanization threatens the wetlands, and without the storage they
afford, flooding would become an increasingly serious problem. A combina-
tion of Federal and non-Federal actions to preserve the marshes, swamps and
wetlands in their present state as natural floodwater detention areas is
needed to reduce growth in flood losses and to safeguard natural open

space. There will be Federal acquisition of lands and easements in 17
natural valley storage areas totalling 8,500 acres that are critical to

the comprehensive flood reduction plan for the entire watershed.

Positive measures are necessary to assure that future flood loss is kept
to a minimum. Of the methods available for flood damage prevention,
Federal acquisition of regionally significant natural valley storage areas
offers a manageable approach. It is compatible and complementary with
local and state flood management actions. The plan proposed is one which
would provide the opportunity for multiple use of the natural resources
of the watershed.

All structural alternatives were found to be more costly than the
recommended plan. Assurances will be required from local interests that:

a. Existing roadways, utilities, bridges, culverts, and any other
improvements that might affect the drainage characteristics of the natural
storage areas will not be modified or altered;

b. That local interests will adopt and enforce regulations to restrict
development of flood plain lands; and

c. That they will operate and maintain the existing dams along the
Charles River. In this project, unlike Prairie du Chien, the cost of lands
and interests therein and annual charges are a Federal cost.
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The first two of these projects were authorized in Section 2 of PL 93-251.
The third one was picked up in Section 88 of the Act and modified the
existing project for flood control below Chatfield Dam on the South Platte
River, Colorado. The Secretary of the Army, acting through the Chief of
Engineers, is authorized to participate with non-Federal interests in the
acquisition of lands and interests therein and the development of recrea-
tional facilities immediately downstream of the Chatfield Dam, in lieu of
a portion of the authorized channel improvement, for the purpose of flood
control and recreation.

Federal participation is limited to the amount of savings realized by the
United States in not constructing that portion of the authorized channel
improvement below the dam, together with such share of any land acquisition
and recreation development costs, over and above that amount, that the
Secretary of the Army determines is comparable to the share available

under similar Federal programs providing financial assistance for recrea-
tion and open spaces.

Land acquisition is limited to those lands deemed necessary by the
Secretary of the Army for flood control purposes, and not otherwise
reduce the local cooperation required under the project.

Non-Federal interests shall enter into a binding written agreement with
the Secretary of the Army to prevent any encroachments in needed flood
plain detention areas which would reduce their capability for flood
detention and recreation.

The agreement must be consummated prior to the furnishing of the Federal
participation authorized by the Act. Negotiations with local interests
are under way and the local agency is presently negotiating for options
based on land values approved by the Corps.

In conclusion I would emphasize that real estate acquisition policy in
connection with non-structural alternatives to flood control is essentially
the same as real estate policy used for traditional flood control projects.
Once the decision has been made to use non-structural alternatives, the

area defined, the estate established, our people will appraise and negotiate
in the same manner as they do where a dam is being built. By these methods
we are successful in purchasing over 807 of our land requirements, and there
is no reason to believe that a new approach to flood control would indicate
any less success. In fact, the non-structural approach may have more local
support, leading to a higher percentage of purchase and less condemnation.
At any rate, the Real Estate Directorate of the Corps of Engineers has

the ability and stands ready to be an important part of this new thrust

in the area of flood control.

51



SCREENING FOR NON-STRUCTURAL ALTERNATIVES
IN THE SUSQUEHANNA RIVER BASIN

By
Harold L. Nelson !

In 1970, a Level B Comprehensive basin study was completed of the
Susquehanna River Basin by the Federal agencies and the States of
Maryland and New York and the Commonwealth of Pennsylvania. The
flood control component of the early action plan consisted of five res-
ervoirs and five local flood protection projects. Prior to implemen-
tation of any of these potential projects, Tropical Storm Agnes oc-~
curred which was the flood of record in most of the basin. As a re-
sult of the devastation wrecked by this flood, the Congress requested
that the Corps of Engineers review the flood control recommenda-
tions contained in the comprehensive report and to determine whether
the recommendations should be revised in view of this disasterous
flood.

A review study was initiated in Fiscal Year 1974. Only traditional
structural solutions were considered in the 1970 comprehensive study
whereas non-structural solutions would need to be investigated in the
review study because of the increased interest in these types of solu-
tions by both the Congress and the affected public.

In the Susquehanna River Basin, there are about 300 communities in
the flood plain along the main stem of the river and its major tri-
butaries. Because it is a level B study, each community does not
need to be examined in survey scope detail. Even to examine each
community from a broad basin approach, however, would require a
large amount of time, funds, and manpower which were not avail-
able. This paper describes the screening process which was deve-
loped to identify the communities with the highest potential for a non-
structural solution to their flood control problem:.

The methodology presented is based on a review of recent reports on
the use of non-structural approaches and a pilot study on Jersey
Shore, Pennsylvania, The various non-structural measures used in
this study, the assumptions, and the methodology of formulating and
evaluating non-structural plans are discussed in subsequent sections.

Pilot Study of Jersey Shore, Pennsylvania

In order to develop the screening process, it was felt that a small
community should be analyzed in detail to determine which factors
could best be used to screen for the communities where a non-struc -
tural approach would be feasible. Jersey Shore, located on the West

1Assistant Chief, Planning Division, Baltimore District
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Branch Susquehanna River, was selected because it is small com-
munity with about 400 flood plain residences, a commercial business
district, and a light manufacturing industrial concern. It does not
have an existing local flood protection project but is afforded some
protection by four upstream reservoirs. The types of construction
involved in the residences and the commercial business district is
typical of other communities throughout the basin.

Methodology

During the evaluation of flood control measures for Jersey Shore,
various non-structural alternatives to either lessen the impact of
flood damages or reduce the flood hazard were considered in deve-
loping a non-structural methodology. The non-structural techniques
evaluated include:

. Flood Proofing

. Permanent Relocation

. Flood Insurance

. Flood Forecast and Warning
. Flood Plain Management

OV R GO DN

It became readily apparent during the study that only a portion of the
alternatives could be evaluated quantitatively and this was possible
only if several very general assumptions were made. In addition,
the feasibility of the various alternatives was addressed only in eco-
nomic terms and other considerations such as social, political, and
environmental factors were not addressed. It was felt that these
considerations could be addressed when potential economically fea-
sible projects could be identified, but were not pertinent to the basic
screening process. It is recognized, however, that these considera-
tions are very important and must be addressed should any non-
structural plan approach economic justification. With regard to eco-
nomic evaluation, benefits were developed for reduciing flood
damages from West Branch Susquehanna River flows only and not for
the small tributary streams which flow through the town. However,
flood damages caused by the small streams, although more frequent,
are small when compared to the damages caused by river overflows.

To facilitate necessary data collection, community-wide and struc-
tures survey forms were prepared. Some of the data was available
in office files, but the bulk of the data was obtained through a short
meeting with knowledgeable local officials and a '‘windshield" field
inspection. Available data includes identification, numbering, use,
condition, size and lack of or presence of basement for each apprai-
sal in the flood plain in the early 1960's, and hydraulic and hydro-
logic data such as sources of flooding, average flow velocities,
duration of flooding, and depths of inundation for historical floods.
The type of information obtained during the field inspection included
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type of construction; elevation of first floor referenced to the
ground; the type, size and positioning of all building openings; struc-
tural condition of the building; changed conditions since the latest
flood damage survey; and items which mayeffect non-structural solu-
tions. Residential appraisals were ''averaged' and a single general
description for the entire community was utilized during
the evaluation. Commercial, public and industrial appraisals did not
lend themselves to a general categorizing procedure, however, and
each structure had to be inspected individually., We met with local
officials to collect information concerning location and flooding sus-
ceptibility of essential municipal facilities such as police, fire de-
partment, hospitals, etc., and the community's flood emergency
program,

A discussion of the evaluation of each alternative to include assump-
tions and procedures follows:

1. Flood Proofing

Three distinct types of flood proofing measures were identified for
consideration for residential appraisals. These were, (1) flood
proofing of the building to the maximum possible level to essentially
preclude floodwaters from entering the building's interior; (2) pro-
vision of a waterproof utility cell to house the furnace, hot water
heater, and electric switchbox in the otherwise flooded basement; and
(3) raising of the building above the flood level. Flood proofing
"packages' reflecting the construction items and the related cost re-
quired for implementation of each alternative were assembled. The
unit costs utilized were calculated on the basis of Federal partici-
pation in any eventual project and thus reflect Federal guidelines on
wages.

It was recognized individuals or local contractors could possibly ac-
complish the work for a lesser cost. The first costs thus derived
were expressed on an annual basis utilizing a 6-1/8 percent interest
rate and a project economic life of 50 years, It should be noted that
the 50 year project life may be a liberal estimate for many buildings
due to their present age and condition. Annual costs for operation,
maintenance, and replacement were not included as they were con-
sidered minimal,

For the "dry interior' flood proofing package, construction items
included permanent blocking of basement openings, waterproofing of
interior and exposed exterior basement walls, provision of a sump
pump and electric pump and installation of an automatic check valve
in the sewage lines. The effectiveness of the waterproofing by means
of applying masonry paint or spraying a silicone stearate material
on the walls is questionable at best; but was assumed satisfactory for
this evaluation. Based on structural analyses made for the Lock
Haven Survey Report, the maximum height of flood proofing was
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assumed to be three feet above the ground level. Since the first floor
of most residences in Jersey Shore are two to three feet above
ground level and it is questionable that the first floor of the predomi~-
nantly wood frame houses could be made water-tight, flood proofing
to the first floor level or three feet above the ground was considered
to be the maximum possible level. The benefits generally realized
under this plan would be the elimination of average annual damages
that would otherwise occur in the basement.

The second method of residential flood proofing evaluated consisted
of constructing a waterproof concrete block utility cell to house the
furnace, hot water heater, and electric switchbox. The remainder
of the basement could be utilized for storage but would be subject to
normal flooding. The benefits for this plan would equal the damages
prevented to the aforementioned utility items and were estimated to
be from 9 to 25 percent of the total damages occuring in the basement
depending on the residential classification.

The third and last residential flood proofing method considered was
raising of the structure by raising the super structure and construc-
tion of an additional foundation wall to the design level. A maximum
raising height of six feet was assumed based on a stability analysis
made in connection with the Tug Fork Flood Control Report and the
aesthetic values associated with higher raising. According to infor-
mation contained in the Tug Fork Report, raisings of more than six
feet would necessitate replacement of foundation walls with those of
heavier cross section. A possible problem in raising which was
identified but not addressed was access (stairways) to the houses
particularily for those that are presently located directly adjacent to
the sidewalk and street. Benefits attributable to this plan would re-
sult from the elimination of damages that would otherwise occur if
the buillding was not raised.

Flood proofing of commercial and public service appraisals were
treated somewhat differently than residences in that protection above
the first floor level was assumed structurally practical to a height
of six feet above ground level and raising up to this same height was
not considered since this would undoubtedly cost more than flood
proofing. The vertical limit on flood proofing is based on the Lock
Haven Report. The components of basement and/or first floor flood
proofing included permanent blockage of basement openings, tem-
porary flood shields for first story doors and windows, a sump and
electric pump, waterproofing of walls, and an automatic check valve
in the sewage line. Benefits would equal the average annual damages
eliminated.

Industrial appraisals in Jersey Shore were evaluated on an individual
basis utilizing two general solutions, i.e., ring levee/floodwall or
flood proofing.  The ring levee/floodwall would be designed to act
as a small local protection project, complete with closures and
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portable pumps to discharge interior drainage., Access to the indus-
try would be maintained by driveways and railroad tracks if needed.
The rational formula, Q=ciA, was used to estimate discharge capa-
cities required for the pumps. Levels of protection up to the flood
of record were considered and two feet of freeboard was used in
levee and wall design. Unit cost curves for both levees and walls
were developed for future use. Flood proofing techniques for indus-
tries were the same as those utilized for commercial buildings.
Benefits were computed as the average annual damages eliminated
up to the design level,

2. Permanent Relocation

Acquisition of flood plain improvements and property, demolitionof
the structures and evacuation of the owners was the second non-
structural technique evaluated., This alternative was considered for
residential, commercial, and public service appraisals only
since cost estimates could be generated with existing data. Cost
for industrial evacuation would, in all likelihood, have to be obtained
from the local manufacturing leaders, thus creating the possibility
of adverse public reaction to potential evacuation of key industries.
Real estate costs for residences of the three generalized categories
included market value of the properties and acquisition and resettle-
ment costs. For the commercial and public service appraisals, the
real estate costs were based on the maximum flood damage possible
for each building based on our generalized stage-damage data. A
lump sum cost of $6,000, which represents the minimum total esti-
mated acquisition and resettlement costs for a residence was added
to the maximum damage figure to cover these cost items for com-
mercial and public properties. It is felt that the resulting first cost
is conservative since items such as land costs and inflated property
values due to locational advantages are not included in the maximum
flood damage figure. Also, none of the estimates includes demolition
or redevelopment (parks, playgrounds, etc.) costs which would be
necessary to realistically implement an evacuation plan. The result-
ing first cost was expressed on an annual basis utilizing 6-1/8 per-
cent interest rate and a 50 year project life. Benefits were taken as
the average annual flood damages which would be eliminated
for the entire range of flooding.

3. Flood Insurance

Initially, this non-structural alternative does nothing to reduce flood
hazard or damages, but, rather, lessens the economic
burden of flooding on flood plain occupants. Over the long term,
however, the 1land wuse regulations required for participation
in HUD's National Flood Insurance Program will effectively
reduce the amount of existing flood prone development and associated
damage potential and control future flood plain development. This
"'relocation by attrition' aspect of the flood insurance program has
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been strengthened by passage of the Flood Disaster Protection Act
of 1973, P. L. 93-234. The Act provides that no Federal agencies
or Federally backed financial institution shall approve any financial
assistance for acquisition or construction purposes in flood
hazard areas unless the community in which the area is located is
participating in the National Flood Insurance Program. Due to the
legislative requirements of the insurance program, existing develop-
ment susceptible to damage by the one hundred year flood cannot be
substantially improved without the owner acquiring flood insurance.

No attempt was made +to evaluate flood insurance on a benefit
to cost relationship since there are no overall economic benefits
initially and future benefits accruing to ''relocation by attrition' are
difficult to quantify with any degree of accuracy.

4. Flood Forecast and Warning

Relatively short-term action taken as a result of a reliable and
timely forecast and warning of an impending flood can significantly
reduce the economic losses and human suffering that would otherwise
be caused by the flood., The Federal-State River Forecast Service
located in Harrisburg gathers rainfall, river stage, and weather
forecast information and disseminates flood warnings to the news
media and local authorities. From the 1970 Susquehanna River Re-
port, the average warning time for Jersey Shore is 24-30 hours. If
the local residents have faith in the warnings and act accordingly,
it can be assumed that significant reductions in flood damages will
be realized. The temporary relocation of readily transportable items
out of the flood plain would result in twenty to thirty percent reduc-
tion, on the average, in urban residential flood damages in the Sus-
quehanna Basin according to the 1970 report, '""Flood Warning Benefit
Evaluation, Susquehanna River Basin (Urban Residences)," by
Harold J. Day, U.S. Weather Bureau. Mr. Day calculated that
benefit-cost ratios ranging from 3.1 to 7.5 could be attributed to
various flood warning efforts depending on location in the basin. The
benefits he used were the reduced flood damages due to temporary
relocation while the costs reflect the value of labor and materials
necessary to remove and return the household items, as if a moving
company was involved. It can be assumed similar results would occur
with commerical, public and industrial appraisals. However, flood
damage reduction estimates can vary greatly depending on such
variables as age and health of residents, the availability of man-
power, and the faith the local people place in the warnings. No new
analyses of flood warning efforts were made for this study.

5. Flood Plain Management
Among the many flood plain management tools available to reduce

flood damages are relocation, flood insurance, flood forecast and
warning, and land control measures. All of these except the latter
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have been previously discussed. Land use controls to include
zoning, subdivision, regulations, building codes, development poli-
cies, designated floodways, and encroachment lines attempt to mold
the flood plain development in such a manner as to lessen the damag-
ing effects of floods. These measures are obviously more applicable
to future development than to existing structures. There is no
straightforward way to evaluate economic justification of land use
controls, but they are potentially valuable aids for communities as
they seek to minimize their flood problems. In practice these mea-
sures are used with the flood insurance program to make a compre-
hensive package to deal with present and future flood damages.

Formulation

Using the methodology described above, benefit-cost ratios were
calculated by computer for all residential appraisals for flood proof-
ing and permanent evacuation measures., Using this information,
zones of applicability can be generated to show where there is the
potential of applying particular types of non-structural measures.

Because of the large variety of commercial, industrial, and public
properties, it was necessary to manually compute benefit-cost ratios
for each of these types of appraisals. The different types of struc-
tures and their uses did not allow a generalized cost or benefit func-
tion to be used. Each industrial appraisal was evaluated separately.
For the commmercial and public properties, however, the appraisals
were divided into categories of similar appraisals such as offices,
service stations, churches, appliances, etc. The building with the
highest potential average annual damage for each category was used
as representative of that category. This procedure was felt to pre-
sent the most favorable conditions for flood proofing. Also, block
long groups of buildings were analyzed as a unit to minimize costs
in determing if non-structural measures could be applied to an entire
block. :

Results

The application of the non-structural methodology showed that the
non-structural measures were not economically justified for the
residential and most commercial and public properties in Jersey
Shore. Some individual structures including residential, commer-
cial, public, and industrial appraisals did show that some form of
flood proofing would be economically justified. However, on a
community-wide basis, there was an overall lack of justification. It
must be noted that other considerations might also prove those few
economically justified cases to be impracticable.
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Conclusions

On the basis of the pilot study for Jersey Shore, the following con-
clusions were reached:

a. The approach as applied at Jersey Shore can be used
throughout the basin,

b. The level of detail used is the minimal level which would be
adequate for plan formulation.

c., It is recognized there are deficiencies in evaluation of the
structural and especially the social, environmental and political
aspects of non-structural measures which will have to be
addressed if a plan is economically justified for a community.

d. It is estimated that to do a non-structural analysis, once the

methodology and procedure is finalized, for a community the size of
Jersey Shore (5,000) would take approximately 5 man-weeks.

Screening Process

In view of the fact that there are several hundred communities in the
Susquehanna River Basin with flood problems, it is not possible with=-
in time, money, and manpower limitations to evaluate each and every
one on an individual basis.

In order to fairly and logically apply the non-structural approach
throughout the Basin, all the communities must be screened to elim-
inate those where non-structural measures appear to be definitely
not feasible., Maximum effort can then be spent on those communi-
ties which show the most promise for non-structural solutions to
flooding problems. The screening methodology is outlined in Figure
1 and described below.

During the Jersey Shore pilot study, it was obvious that non-struc-
tural measures were not feasible for the community. A search was
made for what would be a good indicator for a non-structural pro-
ject. The location of the house in the flood plain became the indi-
cator. The stage-damage relationship of each house is fixed as is
the stage-discharge and discharge-frequency curves for each com-
munity. Using the typical house in Jersey Shore, it was determined
that it would have to be located in the 10 year flood plain for the
benefit-cost ratio to approach unity for any non-structural measure.
This was verified for several other locations in the Susquehanna
River Basin and compared favorably to the conditions at Prairie de
Chien, Wisconsin, where flooding occurs every two years and a non-
structural project has been authorized. Therefore, it was decided
to use the 15-year flood as an indicator. Buildings located above this

59



FLOW CHART FOR
SCREENING PROCEDURE
NON-STRUCTURAL ALTERNATIVES

Check frequency of
significant flooding in
community

DROP
Community

Potential for
non-structural

NO

Determine No. of
appraisals in each
category

DROP
Community

//Sufficient No. to \\\\\>

warragnt further evalua~
tion?

YES Can residential be

used as key indicator?

Check appraisals
w/program and

maps
Owego as example

NO Brief field check
of C &1

‘

Analyze C & I data
and run

DROP
Community

Still acceptable?

residential program

Figure 1



DROP
Community

DROP
Community

Figure 1
(Continued)

Do "Jersey Shore"
analysis

Still acceptable?

Develop Community
Plan

Is it implementable?

Incorporate in
Comprehensive Plan

61



flood plain would not receive enough flooding to justify a non-struc-
tural approach.

The screening process starts by analyzing the stage-damage-fre-
quency data for each community to determine its flood problem.
Figure 2 is the form used in organizing this data. Three levels of
flooding were used as indicators of flood damages. These levels
were the flood of record (FOR), the flood that caused significant
damages (approximated as 10% of the FOR damages) and the flood
which caused first damage in the community. For each of these
floods the dollar damages, the frequency of occurence in percent
chance, and the percent of "flood-proofable" damage which is
residential (PDR) were determined. The PDR is defined as the resi-
dential portion in percent of the total residential, commercial, in-
dustrial, and public damages which are the damages that can be re-
duced by a non-structural plan. Other damages to include transpor-
tation and utility losses cannot practicably be reduced by non-struc-
tural methods.

The first screening level eliminated those communities where the
significant damage causing flood is no more frequent than the 15
year flood. Based on economic evaluations made for a hypothetical
residential structure, the building had to suffer significant damage
at the 15 year flood level or lower to justify non-structural flood re-
duction measures. It was assumed, therefore, that sufficient aver-
age annual benefits could not normally be generated to justify non-
structural alternatives for a community unless significant damages
could be expected to occur at least every 15 years. If a community
had significant damage more frequently than the 15 year flood, it
was then considered for further evaluation.

The second level of screening evaluates the number of appraisals in
each community., Those communities with fewer than 25 appraisals
did not warrant a more detailed evaluation. The communities which
pass these [first two tests would then be considered further
in the third screening level,

In the third level, if more than 67 percent of the community's dam-
ages are residential (PDR) then an assessment of the economic fea-
sibility of non-structural measures will be based on an analysis of
the residential appraisals only. The residential appraisals are con-
sidered to be a key indicator for a community. For those communi-
ties where the PDR is less than 67 percent the commercial, indus-
trial and/or public appraisals have to be evaluated further to deter-
mine the economic feasibility of non-structural measures. Pertinent
data for residential structures is stored on magnetic tape and the
economic feasibility of non-structural measures for residences is
determined by a computer program. The analysis for the other cate-
gories which is required when the PDR is less than 67 percent re-
quires a brief field trip to augment existing data. The data are
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manually analyzed and combined with the computer analysis of resi-
dential appraisals.

The results of either method of analysis at this level are then placed
on a community map to determine whether those structures which are
feasible are located in one area or are scattered throughout the com-
munity.

On the basis of this screening level if a community still appears to
have a non-structural program which is economically justified then
it is further evaluated in a "Jersey Shore" analysis. At this analy-
sis additional data on the particular flood problem in the community
will be collected. Community officials will be contacted to obtain
their input,

Again, if the analysis at this level shows that a non-structural plan
for the community is still economically feasible, a more detailed
analysis will be performed. Those communities which are deter-
mined to have an unacceptable economic situation are dropped from
further consideration for a Federal non-structural plan,

For those communities which remain after the fourth level of
screening, a community plan will be developed. In this analysis the
non-structural measures which are economically feasible are refin-
ed further. Also at this time an assessment of the environmental,
social and institutional effects of non-structural plan will be included
in the analysis. Upon the completion of the analysis at this level,
a determination will be made as to whether or not the community
plan is still feasible and most importantly, whether it is capable of
being implemented. Those communities which have an implementable
non-structural plan will then be incorporated in the overall Susque~
hanna Basin flood control plan formulation.
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CONSIDERATIONS FOR '"NON-STRUCTURAL" FLOOD CONTROL PLANNING
IN THE PACIFIC OCEAN DIVISION

By - John R. Pelowskil/

INTRODUCTION.

Historically, annual flood losses have continued to increase in spite of
large amounts of money spent for planning and construction of flood control
works. The Federal Government has invested over $9 billion for flood

control projects since 1936. Non-Federal governments have invested additional
millions. Currently, annual losses from floods are almost $2 billion. This
trend has been recognized for many years. In the early 1960's, the Corps

of Engineers initiated a program of flood plain management services intended
to define and publicize potential flood hazards in order to discourage unwise
use and development of the nation's flood plains. For various reasons, this
program has been only partially successful and annual flood damages continue
to mount. Ideally, definition of the flood hazard of a given flood plain
prior to development would direct wise planning and subsequent use., In the
real world this is not usually the case. The need and subsequent assignment
of priorities for flood plain information studies, or flood control studies,
is established after some development has taken place and a flood problem
exists. The very term flood control, in its general usage, implies physical
control of water in time of flood. Current factors of comstruction and land
costs, social and environmental considerations, fish and wildlife concerns
and the level of protection required in today's planning and design of urban
flood "control" projects has made acceptance and economic justification of
traditional flood control works difficult. Yet the nation's annual loss from
floods continues to increase. Clearly, an alternative to total restriction
of flood plain usage, or, on the other end of the spectrum, physical control
of periodic overflows of our streams and rivers is necessary in planning for
continued and future use of our flood plains. Non-structural methods of
reducing damages from floods that allow continued existing use and future
development of flood plain lands, depending on local factors, can fill this
need; not as a clearly separated alternative, but in combination with other
methods of physical and land-use controls.

The following paragraphs discuss physical and economic factors influencing
planning for flood damage reductions in the Pacific Ocean Division. Examples
of completed, authorized and planned projects using non-structural elements
are described.

DESCRIPTION.

The land mass above sea level in Hawaii, Guam, and American Samoa is rela-
tively small extending from sea level to as high as 13,000 feet above sea
level. The land areas are characterized by steep mountains with deep.ly1

1/ Chief, River Basin Planning, Planning Branch, Engineering Division,
Pacific Ocean Division
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incised valleys with very steep slopes. Streams draining the valleys have
(by mainland standards) very small drainage areas. These areas range from
only a few square miles to a few hundred square miles. Because of steep
slopes, climatic conditions, and proximity to the beaches and transportation
systems, development is principally limited to the coastal plain from sea
level and up the valleys to roughly 200 feet elevation. Much of these areas
are necessarily the valleys and coastal plains subject to inundation from
stream flooding or tsunami (tidal waves).

Annual rainfall ranges from less than 15 inches on the leeward side of the
islands such as in Waikiki on Oahu, to the wettest place in the world at
Mount Waialeale on the island of Kauai with annual rainfall of over 450
inches. Normally, rainfall is orographically induced as trade winds push
moist air from the ocean up the steep mountain slopes. Very intense rain

of over 25 inches in 24 hours can occur. It is these events that normally
cause destructive flooding. Flood peaks rise in a matter of a few hours and
flow with high velocity through the valleys and across the coastal plain to
the ocean. Flood velocities range from 5 feet per second near the coastline
up to 40 feet per second in the upper areas of the steep valleys.

Because of expanding economy and population, and limited buildable land,
areas subject to inundation in Hawaii have, and will continue to be developed.
This, in spite of the threat of damage from flooding, the existing require-
ments for flood insurance, and/or local land use regulations and building
codes. While some years behind, the same condition can be projected for

Guam and American Samoa. At this time, residential land, whether developed,
or planned for development, is valued at $8 to $15 per square foot. Economic
pressures will support continued development in areas subject to flooding.
Economics, as well as the current, active concerns for visual aesthetics and
environmental and social considerations, severely constrain development of
purely structural flood control projects. Specific considerations of the
applicability of non-structural solutions of flood problems in POD are
addressed in the following paragraphs.

FLOOD DAMAGE REDUCTION BY NON-STRUCTURAL MEANS.

FLOOD PROOFING. Flood proofing of existing and future structures can, with
some limitations, be very effective, depending on the location of the struc-
ture. The depths and velocity of potential flooding is the key. Basements
are very uncommon. Most structures are either built ''slab on-grade" (resi-
dential and commercial) or on stilts or pilings a few feet above the ground.
It is obvious, in older areas, that the early residents of flood-prone lands
were aware of potential depths of inundation. Recent floods approaching
100-year frequency, in rural areas, resulted in flood depths at or just
below the first floor elevation. New structures built, particularly in the
valleys, do not exhibit this awareness. Raising the first floor above
potential flood levels is, and could be very effective in reducing substan-
tial flood damages. In areas of high velocities, the effectiveness of flood
proofing is constrained by economic considerations of providing waterproofing
and particularly structural stability for the high velocities carrying debris
and boulders. Damage to landscaping, automobiles or outbuildings would not

be reduced.

66



ZONING, EVACUATION,- AND ACQUISITION OF FLOOD PLAIN LAND. From social and -
economic considerations, elimination of use of flood plains is particularly
undesirable. Limited available buildable land is one reason. While economics
are important, there is a much more basic reluctance to relocation. Early
Hawaiiansg, and subsequent peoples arriving and developing the economies and
lifestyles of the islands have centered their activities by the ocean and

in the nearby valleys.

FLOOD INSURANCE. Flood insurance is available, but relatively few policies
have been issued. This is because of lack of knowledge of availability, or
need for coverage. This is particularly evident in established areas. Recent
subdivisions or condominium developments being sold in or near potential

flood hazard areas require flood insurance. Flood insurance does nothing

to reduce flood damages but spreads the cost of flood damage. Flocd insur-
ance, while potentially beneficial to the policy holder, contributes nothing
to the reduction of damages by flooding.

FLOOD FORECASTING, WARNING, TEMPORARY MEASURES. The effectiveness of these
measures is a direct function of time to react, coupled with a belief by the
residents of the flood plain of the accuracy of the forecast or warning.

This confidence is most often based on past experience. Flood plain residents
in the unprotected reaches of the Mississippi, Ohio, or Missouri Rivers,

and other major rivers and their tributaries, have days, and even weeks to
prepare for high flood stages. This time allows for flood preparations such
as floodproofing, sandbagging, or even construction of emergency levees or
floodwalls, and evacuation of people and goods. 1In areas where the time

from peak rainfall, to peak flood discharge, is a matter of hours, the pri-
mary aim of forecasting and warning is to save lives. In known critical
urban areas in Hawaii, civil defense agencies, in cooperation with the National
Weather Service and police have established plans for evacuation of people
from flood-prone areas in time of heavy rainfall or possible tsunami. While
lives can be saved, little can be done to reduce destruction of property.

"NON-STRUCTURAL" PROJECTS.

No strictly "non-structural” flood damage reduction projects have been developed
in the Pacific Ocean Division. Four projects are described below that incor-
porate non-structural elements with traditional structural means to reduce

flood damages.

KAWAINUL SWAMP, OAHU, HAWATI. This project, completed in the late 1960's,
provides flood protection for Kailua Town on the windward side of the island
(Figure 1). The project utilizes the natural flood storage of the swamp,
located upstream of Kailua Town. In ancient times, the swamp was a natural
lake, storing and discharging runoff from the mountains, and trapping sediment
carried by the water. In time, the sediments filled the lake, reducing its
storage capacity. Then came man, attracted by the area and its proximity to
the sea. Kailua Town was developed between the swamp and the sea. Runoff
from heavy rain storms was no longer stored in the swamp, but overflowed

and flooded Kailua Town. The flood control project uses the existing storage
capacity of Kawainui Swamp, increased by a levee on the seaward end, to store
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flood runoff for eventual discharge to the sea through a system of chammel
improvements and dikes. Construction of the project required that the City
and County of Honolulu acquire and reserve about 700 acres for flood storage
in the swamp. This land acquisition not only provides flood storage and
preserves open space in a rapidly urbanizing area, but is also a valued
sanctuary for wildlife, including some endangered species.

NAMO RIVER, GUAM. This project, authorized under Section 205 of the 1948
Flood Control Act, provides for a combination of traditional structural
channel enlargement and lining with reservation, by zoning, of a flood flow-
age area to be used for open space or other uses compatible with the defined
flood hazard risk (Figure 2). Of the approximately 35 acres required for
this project, only about 8 acres are required for structural flood control
features. The project will provide a high degree of flocd protection for
the developing coastal area on this part of Guam, and also preserve about

28 acres for open space use. Plans and specifications are essentially
complete and the project will be completed when Federal and Government of
Guam funds are available.

IAO STREAM, MAUI, HAWAII. Iao Stream flows past Iao Needle, a spectacular
landmark and favorite tourist attraction above the town of Wailuku, Maui.
From this scenic valley, Tao Stream traverses an area of residential,
commercial, and agricultural development. While the area depends on Ilao
Stream for municipal, agricultural, and recreational water, periodic over-
flows have caused considerable destruction of property and the loss of 13
lives since 1916, 1In 1968, flood control improvements were authorized.
Recent reformulation and design studies in cooperation with residents,
commercial, agricultural, fish and wildlife interests, and the County of
Maui have resulted in the development of a plan of improvement for flood
control that combines structural improvements such as levees, channel
widening, lining, drop structures, with reservation and zoning of agricul-
tural land for flood passage (Figure 3). Maui County is highly dependent
on its agricultural economy. Reservation of 55 acres for continued agri-
cultural use of the total 70 acres required for flood control will provide
for continuation of sugar production, protection for existing and planned
future residential and commercial development. The $10 million project
will be ready for construction in mid 1977. (The cross-hatched areas of
Figure 3 represents land zoned for flood passage.)

AGANA RIVER, GUAM. An Interim Survey Report for flood control for the
Agana River, Guam, was recently reviewed and approved by the Board of
Engineers for Rivers and Harbors (Figure 4). The project, very similar

to the Kawainui Swamp flood control project, constructed in Ozhu, Hawaii,
recommends that storage available in the existing Agana Swamp be increased
by the use of levees and that outflow be caontrolled by channel improvements.
The combination non-structural-structural improvements will provide SPF
protection for the commercial and governmental center of Guam.
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A CASE STUDY
OF
NON-STRUCTURAL MEASURES
CONSIDERED FOR
SOUTHWESTERN JEFFERSON COUNTY, KENTUCKY
LOCAL FLOOD PRUTECTION. PROJECT

By
Ralph D. Reid 1/

INTRODUCTION

The flood prone problems of Southwestern Jefferson County were
identified by historians of the early 1800's in their writings on the
culture of the time.

"The whole of this plain (Chio River flood plain) as we have before
observed, is alluvial, and this fact shows to what depth the waters
extended. But at the time, the owners of these hatchets were seated
by this fire, where, I would ask, was the Ohio River?" - Dr, McMurtne's

Sketches of Louisville, 1819,

As might be concluded from the above historical sketch, archaeoclogical
firdings substantiate that other civilizations have occupied this land
and used the adjacent Chio River over the centuries.

The present occupants of the flood plain learned of the area's flood
proneness first hand during a major Chio River flood at Louisville in
March 1964. Subsequent to the flood, resolutions were adopted by both
houses of the Congress requesting consideration of flood control arnd gl-
lied improvements in Southwestern Jefferson County. A survey investiga-
tion was assigned to the Louisville District in Jure 1964, arnd a fiml
report was submitted in February 1967. The plan proposed in the project
docurent combined local flood protection works contiguous to and down-
stream from the existing protection works for Louisville, Kentucky, with
& permanent lake that would support both general and fish and wildlife
recreation, These improvements required 90,000 feet of earth embank-
ment and 1,550 feet of concrete wall, Appurtenances included two pumping
plants and thirteen drainage structures through the embankment. The

1/ Chief, Flood Plzin Maragement Services, Planning Division, Louisville
District, Corps of Engineers. Graduated with degree in Civil En-
gineering from University of Louisville, 1957; Master of Community
Development, University of Louisville, 1973; Master of Engineering,
University of Louisville, 1975, :
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embankments and walls were proposed to have a design level about three
feet adove the crest of the record 1937 flood which is consistent with
the degree of protection provided by the existing Louisvilie flood
protection project,

In transmitting the project report to the Speaker of the House of
Representatives in June 1968, the Secretary of the Army recommended
that during the preconstruction planning stage, the Chief of Engineers
should review the size and scope of the proposed works and modify the
plan as needed to achieve the most reasonable balance between structural
works, flood plain regulation and a broad program of flood plein man-
agement., To properly consider this requirement, a special report on
alterratives was undertaken to specifically develop recommendations for
modification of the project plan as needed to achieve the most reason-
able balance between structural works and non-structural measures,

PROJECT SETTING ‘
General,
To fully understand the array of altermatives considered for South-

western Jefferson County, one must first have some perspective in the
locatiomal process that examined the natural, socio-economic, ard psy-

chosocial linkage environments of the project setting., The physical N4

planning for the project does not stand alone, but it is the product

of relating the psychosocial goals and objectives within a framework of
economic constraints and physical considerations. Primry features of
the project environment are related in the paragraphs which follow,

Physical Features,

8, Iocation. The study area comprised the flood plain of the Chio
River, principally in Southwestern Jefferson County, Kentucky, lying
downstream from the existing Louisville local flood protection project
to Salt River about 15 miles down river, Maps of the project area are
presented as Plates 1 and 2,

b, Streams. Principal drainage of the area is by two local streams,
Lower Mill Creek and Pord Creekx, Lower Mill Creek, with a drainage
area of 17.4 square miles, flows generally parallel with the Ohio River
through the center of the flood plain entering the Chio River at the
downstream extremity of the concerned flood plain. Pond Creek, having
a drainage area of 125 square miles, flows along the eastern edge of
the flood plain into Salt River, also at the southern extremity of the
area,

~”
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¢, Geology - Topography. The flood plain is an area of low re-

jief characterized by @ deep covering of pleistocene outwash deposits
of alluvium clay, silt and gravel. These deposits were washed from
the ice sheet and deposited in the preglacial valley of the Ohio River.
Thickness of these deposits range from 85 feet to 115 feet; urderlying
bedrock is New Providence shale. @ soft clay shale. Surface soils con-
sist of clay and silt, and these overlay the aforementioned outwash de-
posits.

d. Transportation Routes and Utilities. The principal highway in
the area is U.S. 31VW - U.S. 60, locally called Dixie Highway; this high-
way is served by a well integrated network of secondary roads, Lines
of the Louisville apd Nashville Railroad and the Illinois Central Rail-
road traverse the area. Utilities services in the entire sector, in-
cluding gas, electricity and water, are generally available.

e. Economic Development. The historical beginnings of the ex-
tensive development in Southwestern Jefferson County, Kentucky, center -
about the organization and growth of Louisville. The fertile Ohio River
valley southwest of louisville was initially devoted to general farming,
1ivestock raising and large truck gardens supplying produce to Louisville
and other urban markets. With greater mobility afforded the population
by the improvement of the automobile, surburtan development began to en-
croach upon farmland along Dixie Highway near Louisville. Expansion of
+the ‘Fort ‘Knox Military Reservation, preceding ard during World war II,
resulted in additiomal scattered development in the area. A significant
increase in population and shortage of adequate housing following World
War I, together with changing mortgage concepts by fimancial institutions,
further accelerated growth in the area.

f., Population and Economic Base. Statistics for Jefferson County ex-
&uding Louisville, indicated the area increased in population about
96 percent since 1930, from 355,000 to 695,000 persons. For the same
period, the Southwestern Jefferson County flood plain inereased from 2,000
to 53,000 persons or 2650 percent. The economic base of the area centers
about the industry and commerce of Louisville, other portions of Jefferson
County, and the military reservation at Fort Knox in ad joining Hardin,
_Bullitt and Meade Counties.

g. Projected Future Land Development. Some indications of growth

and land use were obtained for the area from the local planning commission.
In addition, other local groups with 2 specific projective interest in
area development were contacted, and their data along with supplemental
census data were used 1o develop growth estimates, Since the flood pro-
tection project was authorized in 1968, local interests have directed
planning and development to some degree on the expectancy that flood pro-
tection similar to the Louisville local protection project would De pro-
vided., In 1965, organization of a riverport authority was started to
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foster industrial development in the Southwestern area with port faci-
lities on the river, Options to purchase 2,867 acres of land for port
development and use by reclated industry hive been obtained, To properly
consider detailed projections of future prowlh areas with and without
the project, maps Indicating the respective areas of growth expeclancy
were prepared,

PROBLEMS AND NEEDS

Real estate development in the United States has not been distin-
gulshed for its attention to the amenities of the living environment,
The development of Southwestern Jefferson County has been no exception,
There were few complications in assessing needs of this urban coriplex
that could be addressed by the resolutions of the study and weter re-
source legislation, as the water resource problems were generally con-
fined to the flood potential of the area the need for outdoor recreation
opportunities. In discussing the area generally, the flood hazard of the
study arez has been frequently alluded to. The comparatively rapid ex-
pansion of developments into the flood plain was stimulated by favorable
topography and subdrainage which permitted economies in corstruction
of buildings, streets, sanitary sewers and other utilities. Reluctance
of lending institutions to firance construction in the lower areas pro-
vided a degree of restraint, However, much of the area at or abvove the

level of & 1945 flood which was about 10 feet below the 1937 record -

flocd has been developed. A recurrence of the record 1937 flood would
cause an estimated $118,047,000 million dollars (1972) damge under pre-
sent conditions of development, Average annual damage in all categories
of property was estimated at $494,000,

For outdoor recreation consideration, Southwestern Jefferson County
is situated within the heavily populated metropolitan area of Louisville
and within ten miles of the populated center of the Fort Knox Reserva-
tion. Counties included in & zone of influence of Southwestern Jefferson
County are Clark and Floyd Counties, Indiana and Jefferson, Meade, Hardin
ard Bullitt Counties, Kentucky, This area is projected to obtain a popu-
lation of 2,200,000 people by the year 2010, an increase of more than
100 percemt from the 1970 population of 950,000, The City of Louisville
and Jefferson County have 146 parks and playgrourds involving about
6,550 acres; a significant part of this acreage is hilly forest land.
There is no recent official visitation estimate; however, a 1966 count
of swimming participants amounted to 2,600,000, An estimate based on
Bureau of Cutdoor formulae by local park staff indicetes that land needs
by 1990, based on a population projection of 1,166,000, will total 11,666
acres, In other words, an additiomal 5,000 acres would be required to
reach the recommended standard by 1990, For the recreational area con-
sidered with the authorized level project, plans provide for additional
lard acquisition of about 2,000 acres,
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ALTERNATIVES CONSIDERED AND METHODS OF ANALYSIS
General,

The fundamental dilemma of planning a water resource project in
the urban area is deciding which organizing principles can or should
be effective within the city to determine the allocation of lands,
facilities and services and to arbitrate the proper interactions among
persons, It is easy to generalize on the economic, environmental and
social objectives that should be the goals of water resource planning.
To give content to these generalities in terms of urderstanding the
effects of the physical and environmental structure on the individual
man or man as a creature in society, is a very difficult task. In
the amalysis of alternatives for Southwestern Jefferson County, it
must pointed out thati a levee project had already gone through the or-
ganizing and fundamentals stage and was authorized., 1In addition,
there were few guidelines for analysis or treatment of non-structural
measures.

Alternatives Considered,

Both the non-structural and structural measures were considered
with a carefully planned strategy for minimizing or eliminating flood
damage and providing outdoor recreation opportunities, using the
strergths of the market place, existing legislation and the potential
of the legislative process. There were numerous possible alternatives
that could have been considered, but the basic idea was to consider sach
one on its own merit and then offer combinations as necessary. The
individual alternatives considered and a SummTy explanation of the
methodology involved is presented in the paragraphs which follow:

Do Nothing. In this treatment, the policy of two Presidents and
several local leaders were quoted to build on the premise that the "Do
Nothing" alterrative was hardly viable if any reading of the people's
views was possible., Reviewing the many urban problems of the area -
the extended metropolis, fragmented geographic and functiomal units of
government, differences in local government capabilities, the impact of
urtan change, preliminary demands of local government for services -
together with the foregoing items of developmental consequence and the
predictive potential of flood damage, to "Do Something" was considered
most appropriate and consistent with the stated Federal water resource
policies of Semate Document 97 and related policy guidelines. Several
root questions were also explained under this alternative: Why do people
1ive in Southwestern Jefferson County? apd What lands are available
to make a shift?
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Evacuation, Aside from the economic data for several levels of
evacuation, see Table 1, the technique of permanent evacuation is pro-
bably the least desirable of the corrective measures available for
flood darage reduction, Ore has only to look at the lack of evacuation
examples of any magnitude nationwide to conclude an aire of social un-
acceptability. Moreover, the current social resistance to the dis-
placement of people by development generally would appear to sudstan-
~tiate the lack of public acceptance to permit the technical realities
of an evacuation program, For an evacuation analysis, four levels of
flood frequency in the area were studied, the 10, 50, 100 and a level
equal to the design level of the authorized levee project., Some idea
of the analysis procedure can be obtained by an examination of Teble 1.

Flood Proofing. The adaptability and effectiveness of flood
proofing as a flood control alternative tor the Southwestern Jefferson
County flood plain, as in most general cases, depends upon the stage
of flooding, the uses of the flood plain, the relationship of flood
proofing to other flood damage reduction measures, and the degree of
safety required by the community,

Without specific consideration of the aforementioned constraints,
the same four levels examined for evacuation were examined on a
screening basis for flood proofing. At a l-year frequency flood level
Cdamageable propaerty is mainly confined to outbuildings and miscel-
laneous items which are not readily adaptable to flood proofing. For
the frequencies of 50, 100 and the levee design level, tlocd proofing
measures were infeasible with a maximum berefit cost ratio, 0.91 to 1.0
occurring at the 50-year level for industrial properties, see Table 2,

Zoning. Although this alternative was given a «ritten treatment
*in our aralysis, there are generally significant anmual costs that can
be attributed to the zoning process. As mizht be surmised from the
paragraph on flood damages, the potential for flood damages in South-
western Jefferson County is large, and it is growing. In viewing the
reality of ihis situation, the staff of the Louisville District have
been working with the local zoning agency to rewrite planning and zoning
regulations to include flood plain zoning and more efficient land use
policy. It is for note that both Louisville and Jefferson County are
currently obligated to adopt flood plain and floodway regulations, as
they have accepted the Federal Flood Insurance program. At this juncture,
it is anticipated that acceptable regulations involving the following
concepts will be involved: (1) Flood plain zoning ordinances, (2) Set-
back ordinmances, (3) Ordimances controlling subdivisions, and ownership
oy a public agency of flood control right-of-way. On an estimted basis,
it is believed that the type of zoning currently being considered could
reduce future average annual damages by about 10 percent.
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Structural Solutions, The basic non-structural measures dis-
cussed in the previous paragraphs offered litile potential as measures
in themselves or for producing the multiplicity of services needed,

In seeking some solution to the identified needs within the framework
of water resource goals and in such a manner as to maximize the oulputs
with minimum investment, consideration was also given to the relative
efficiencies and costs of more positive structural measures, primarily
reservoirs and levees, The project area does not lend itself to im-~
mediate flood control by a major reservoir, as the area is flooded by
the Chio River overflow which has a draimage area of 91,170 square
miles at McAlpine Dam, a mavigation structure, just upstream, Numerous
levee plans and alignments were studies,

COMPARISON OF ALTERNATIVES AND COMBINATIONS

In the evolving thought process of examining non-structural alter- -
mtives, each single-purpose alternative was initially viewed for their
quantitative and qualitative response in solving or avoiding flood
hazards in Southwestern Jefferson County. As indicated in the pre-
ceeding paragraphs, only levees and zoning offer some potential, the
balance of the measures being infeasible., Thus, no combinations of non-
structural or structural, other than the foregoing were considered
other than observing and wvarious infeasible levee of the individual
measures and their relative lack of merit., With the potential flood
plain ordinance previously discussed, it goes without saying that some
flood proofing measures in flood fringe areas could be implemented for
future development, especially in ron-protected areas, Table 3 sum-
marizes the non-structural and structural measures discussed and their
comparative merits,

DISCUSSIONS ~ CONCLUSIONS

Considering the potential altermatives presented, it was found
that the authorized levee plan modified by several alignment changes
reduced average annual damage for the ares by more than 90 percent, and
it was economically justified, No other alternmative measure com-
peted to any degree with this performnce. At the same time, about
2,120 acres of the total 26,240 acres are left outside the protection
works, and these lands have lttle residual development potential., There
is currently, assuming the levee in-place, an average anmal damage
potential of $40,000 outside the selected alignment with some poten-
tail for growth., To provide protection for this segment, two concomi-
tant measures are most applicable considering comprehensive land use
plans for the area., These measures, flood plain goning and flood
proofing, would entail a basic rewriting of existing ordimances for
the area, Corps of Engineer's staff has worked with a local committee
with the objective of properly formulating ordimances to reduce the
flood problem throughout the community.
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TABLE 3

COMPARATIVE MERITS OF ALTERNATIVES
NON-STRUCTURAL

Do Nothing - The conclusions of the Do Nothing thesis are that the needs
are too great; the Federal involvement in the metropolitan area is intense
and, in part by way of fiscal lending policies, is responsible for the
problem; and a shift of land use to flood free areas is not competitive
and physically impossible,

Evacuation - Evaluation of four flood frequency levels, the 10-year,
50-year, 100-year and a design level, indicated general infeasibility at
all levels,

Zoning - Has little merit along, but about 10 percent of the average
annual damages could be eliminated with the array of local proposals o
currently wder study,

STRUCTURAL

Ma jor Reservoirs - Drairage area at Louisville too large for absolute
control,

Levee ~ Only feasible measure,

COMBINATIONS
Levee/Zoning/Flood Proofing - Based on above findings involving an array
of non-structural amd structural altermatives, a levee with zoning and

flood proofing of new development in flood frince areas would offer an
optimum combination of measures,

.
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Our studies discussed in ihe foregoing pages, while demonstrative
rather than precisely definitive, substantiate through a process of logic
and mathematics where possible, that a viable solution to the floocd
problem and to some extert the need for added lards for outdoor recrea-
tion, was possible and nost desirable. The plan of action, called for
by the studies, recommerded the basic project document levee plan with
modifications found appropriate to proceed alorg with a community ef-
fort toward flood plain zoning and the flood proofing of existing
structures outside the proposed levee where possible.
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IMPLEMENTATION OF NONSTRUCTURAL MEASURES

SOME EXAMPLES

By

James E, G@ﬂdardl

INTRODUCTION

Congressional action of 1974 (P.L.93-251) added stronger legislative
authority to earlier executive authority for a balanced approach to coping
with flood hazards. Federal agencies were directed to consider nonstruce
tural measures when planning projects involving flood protection. The legis~
lation is to encourage the wise use of flood-prone lands, the preservation
of open space, and the preservation and enhancement of the environment. To
properly implement the broad approach, it is necessary to begia early in the
planning process while solutions are sgtill at the conceptual stage rather
than wait until the plans are almost complete and then consider alternatives.

Purpose

Nonstructural and structural are the two common measures of flood plain
management, Nonstructural weasures can and should be used both alone or in
partnership with structures. Structural measures should seldom, if ever, be
used alone. Knowledge of the experiences with nonstructural measures will
be very useful to those charged with implementing the broad national pProOgram,
This paper discusses the implementation of various nonstructural measures at
sites requiring variable solutions and presents the current status of certain
nationwide actions. It also briefly discusses the implementation 6f combined
measures,

FLOOD PLAIN REGULATIONS

The importance of flood plain regulations that lead to wise use of flood
plains and their impact on the economy of our nation - - local, regional, and
national - - is dramatically related to the following facts:

1. About 7 percent of the United States, excluding Alaska, is sub-
ject to inundation by the 100-year flood. That is more than
209,000 square miles or am area greater than the states of Cali~-
fornia and Ohio combined.

!Flood plain management consultant, Tucson, Arizoma
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2., One ocut of every six acres (16%) of urbanized arveas Is in the
100-year natural flood plaian,

3. There are about 20,000 flood-prone communities and some 16,500
square miles of urban flood plains in the nation. That is
equivalent to the states of Maryland and Hawaii combined or
Massachusetts and New Jersey combined,

4. More than one-half {(53%) of the Nation's flood plains im urban-
ized areas had been developed by 1973. That iz an area of 8,800
square miles or more tham the entire state of Massachusetts,

State regulatory programs

Recent studies made for the Department of Housing and Urban Development
by John R. Sheaffer and associates of Keifer & Assoclates, Inc. included a
survey of state and local regulatory practices for flood plains. That sur-
vey of all 50 states identified state regulatory practices as well as local
practices for flood hazard areas. It found that 21 states have statewide
regulations and 36 have model ordinances or other materials to assist local
communities in managing flood plains, Forty-six ~ - all but four = = of the
states are involved in the problem of hazard area land use control in one way
or another.

Flood hazard mitigation requirements in most state regulations are based
on Flood Insurance Administration (FIA) minimum criteria and the Water Resources
Council (WRC) model code. They usually establish at least one district, the
100-year floodway, and frequently a second district known as the flood fringe,
Within the floodway, virtually no permanent structures are permitted. WNo con-
struction is permitted unless approval and/or a permit has been obtained from
the appropriate state agency. Several states allow local governments to ad-
minister the review permits procedure as long as their eriteria are consistent
with state standards.

In the flood fringe the common Practice is to permit the uses that would
normally be permitted in the underlying zoning district, subject to certain
flood hazard reduction measures. Structures and attendant utilities must be
flood proofed or elevated to at least the level of the 100-year flood.

The most stringent regulations mandate that local governmental units adopt
state minimum standards, or better, for land use practices in state-wide flood
hazard areas, Indiana, Iowa, Kansag, Minnesota, Montana, Nebraska, New Jersey,
New York, Ohio, Vermont, and Wiscongin have such standards., The remaining
states regulate by operating a permit system which allows a case by case assess-
ment at the state level, or they simply regulate certain river basins., For
example, Massachusetts has regulations for the Assabet River and its tribu-
taries and the State of Washington regulates 18 selected streams.,

Seventeen of the 21 regulating states use the 100~year frequency., In-
diana uses the flood of record if that is greater than the 100-year flood,
Kentucky defines the floodway of the flood of record, and Colorado is propos=
ing regulating areas above the 100-year flood elevation. New Jersey has
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revoked virtually all of the powers of the minicipalities to control land use
in floodways and has mandatory state standards.

The remaining 29 non-regulating states reported a varlety of activities.
Many recognize statewide flood hazard areas and define a regulatory flood but
have not established state regulations. Several are on the verge of adopting
flood hazard area regulations and others are still studying the situation,

Local regulatory programs

The Corps of Engineers has issued about 1400 flood plain information re-
ports covering some 3300 communities. More than 1400 of those communities have
adopted new or have strengthened existing flood plain regulations. About 1200
additional communities are in the process of adopting similar programs.

In the Tennessee Valley, 99 of the communities with flood hazard areas
have adopted effective flood plain regulations and others have adopted minimal
type regulations,

The Federal Flood Insurance Administration has issued intermediate Flood
Hazard Boundary Maps outlining hazard areas for 15,696 of the 20,000 communities
that have flood hazards of varying degrees. Flood insurance studies that pre-
sent the complete flood hazard situation have been issued for more than 800 of
those communities and about 600 additional ones will be completed by mid-summer
1976. More than 1000 studies are expected to be completed the following year
and perhaps 2000 annually thereafter. At the end of March 1976 the number of
communities participating in the flood insurance program was 14,001, with 589
of them in the regular program.

. The Federal insurance program requires, as a prequesite for insurance eligi~
bility, that communities adopt flood plain regulations that meet or exceed mini-
wulm Federal criteria. Those criteria vary from minimal requirements to fully
effective requirements, related to the availability of basic pertinent data.

In accordance with these requirements, more than 14,000 communities have adopted
flood plain regulations varying in effectiveness from minimal to fully effective.
More than 1000 of those have fully effective regulations.

Allowing for duplication between the Corps, TVA, and FIA, there are at
least 15,000 communities with minimal type of flood plain regulations or better.
Of those, at least 2000 have fully effective regulations and nearly 2000 others
are in the process of adopting them,

DEVELOPMENT POLICIES

Resistance to the extending of utilities and to the construction of streets
will deter development in flood hazard areas. Street improvements elsewhere,
schools, and other public facilities wiéld a soft-sell negative influence on
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flood plain exploitation and a positive leadership toward the safer, higher
ground. Lincoln, Nebraska, adopted such an ordinance several years ago, Many
knowledgeable communities have not adopted a formal ordinance but do consider
this policy when making decisions.

TAX ADJUSTMENTS

Tax adjustments can encourage property owners to forfeit rights to use
their lands as they wish or to continue use of the lands in 2 manner consistent
with a proposed plan., It may include assessment on the basis of current use
rather than potential use and deferred payment of taxes on land solé for develop-
ment prior to public purchase. Tax abatements involve agreements by the owners
to forfeit certain rights in return for a reduced tax assessment over a stated
period of time,

Some states, such as Minnesota, provide abatements in return for the grant=
ing of public recreation rights. In Connecticut some woodlands are given spe-
cial tax treatment for a period of twenty years to encourage planting of trees.
Hawaii uses tax adjustments to accomplish orderly development and utilization
of the state's resources as guided by a statewide plan. Where consistent with
the plan, landowners may dedicate tracts to specific permissible uses for tene
year periods and thereby obtain a tax sssessment st a value corresponding to
such uses., Tax concessions encourage gifts or transfers of lands, if those
lands are exempted from taxes and the owner is permitted to continue present
uses until the land is needed.

Tax adjustments related directly to the flood hazards snd for lands dedi-
cated to recreation, agricultural, reservoir sites, conservation or other open
Space uses can be effective in preserving floodways along streams and shore-
lines. Tax evaluation of rural flood plain lands adjacent to developing urban
areas and of open lands within the urban areas is commonly increasing., The
increase finally reaches the point that the land no longer can profitably be
used for farming or open uses. Appropriate tax adjustments prevent this,

This tax adjustment alternative has seldom been used for the abatement of
flood damages or preservation of reservoir sites. Lack of understanding and
support, intricasies of application, and public attitude have been discouraging
factors. Several years ago the State of Florida considered legislation relative
to tax adjustments but the program was not implemented. However, because of
the changes in national policy concerning flood plain management and in the
publie approach, the true values of flood plain lands are beginning to be recog-
nized. This will lead to revisions in the tax arrangements.,

OPEN SPACHES

Flood plain lands in many urban areas have been purchased or appropriate
leases obtained for open space and recreational uses. Some communities have
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included the total flood plain along selected reaches of streams and others,
such as Milwajkee, Wisconsin, have included the entire streams. Such uses Bnust
be coordinated with the recreational needs as stream locations are not gener-
ally spaced properly to best serve population densities,

Open space and recreational plans should always be given consideration,
along with the overall development plan for the community, when plamning a solu-
tion to the flood problem or preparing a watershed plan. Development along
Indian Bend Wash in Scottsdale, Arizona, is an example,

WARNING SIGHNS

The conspicuous display of signs indicating specific heights of floods
can effectively inform inexperienced developers and prospective purchasers of
flood conditions in the respective areas. Such action is not costly, but it
is effective, Federal agencies use a modified type of flood warning signs
along reservoir margins and along some streams. A few cities use flood marker
signs for selected areas. The State of Mew Jersey has a statewide program but
it has not been fully implemented. Mimnesota and Wisconsin include signs in
their shoreline management programs. Opponents claim such signs detract from
the land values, thus indirectly admitting that they are effective in convey-
ing flood information and alerting the public to the flood bazards.

FLOOD INSURANCE

Flood insurance ig a major tool for Flood plain management since it velateg
the cost of safe development to respective flood hazards. The ¥ederal flood
insurance program is also an effective instrument for getting communities to
establish flood plain regulations. The number of communities in the program
has been discussed earlier in this papex .

The Federal flood insurance program does not require nor effectively en-
courage insurance for developments located above the 100-year flood level, Yet
there is a residual flood damage potential above that level. Flood insurance
rates for structures above the 100-year level are so reasonable that all develop-
ment in the flood plains should conslder it,

Sound plans for developing in flood plains should include building struc~
tures above the 100-year flood level to be reagsonably safe and then purchasing
flood insurance to guard against possible major loss from larger floods. The
insurance is not costly, because of the elevation of the building, but provides
economic protection against the less=frequent and higher floods that may wreak
major damage. This insurance can be compared with auto collision insurance
where the owner pays a small annual fee to protect against the possible total
loss of the car in a major accident,

Flood plain mahagement plans should include recommendations and encourage-
ment for flood insurance on all developments to be located in arecas subject to
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EVACUATION

Temporary evacuation is one of the oldest forms of nomstructural measures
used by man. It is the only feasible solution to flood problems in certain
areas. It has long been used as a supplementary measure along the Mississippi
River and other major rivers as well as along sea cogsts. It iz more commonly
used along small streams in urbanized areas. Fxamples are numerous and nation-
wide. Benefits are greatest where terrain and storm characteristics permit
timely and reliable flood forecasting.

Efficient and effective evacuation depends on (1) knowledge of when and
how much flooding and (2) an organized actiom to implement a plan of evacua-
tion. Lack of the latter is often the cause of minimal effectiveneses. This
is now being given greater, though still too little, attention in state and
local planning for flood damage alleviation. The State of Nebraska made an
excellent start on a comprehensive program related to state and local plans
to utilize forecast data - - but the program did not get far beyond the out=
line stage.

RELOCATION

Relocation of communities is an accepted practice when the communities
are subject to inundation by new reservoirs. Such relocation has also been
considered for some communities subject to frequent critical flooding. An ex-
ample of the latter was a Corps of Engineers project along the lower Chio River
many years ago. However, at the time of that project the national policy only
encouraged people and investments to move to higher ground that was purchased
by the Federal Govermment. The project was only partially successful because
most of the people did not want to leave their location although they knew
they would be flooded again and again - - hopefully not too often. Later con~
struction of a high bridge to replace the river ferry led to gradual reloca-
tion of most of the town.

Changes in national policy and greater public understanding now permit
more forceful approaches to relocation. For example, the town of Klamath in
northern California, after being washed away by a flood and rebuilt and then
nearly destroyed again by another flood, was relocated on higher ground. Flood
plain regulations were adopted to prevent further development in the old site
and adjacent flood plains. Another more recent example is the proposed Prairie
du Chen, Wisconsin, project along the Mississippi River, where much of the town
would be moved to lands above the flood hazard.

FLOOD FORECASTING

The National Weather Service of the National Oceanic and Atmogpheric Ad-
ministration is responsible for preparing official forecasts and issuing public
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warnings for floods in all areas of the United States except the Tennessee River
Bagin where responsibility is shared with the IVA. Twelve River Forecast Centers
cover 977 of the country, including Alaska. At a second level are River District
Offices within the major river basing. Plans to extend a full forecasting ser-
vice to other areas are being implemented,

The flood forecasting system is generally unsuitable for flash floods in
smaller drainage areas., However, for many of those areas it is suitable and NWs
uses three basic approaches to prediction and warning of flash floods,

One NWS approach is the Community Flash Flood Warning System. In this sys=
tem a local official collects precipitation and streamflow reports and preparves
a local forecast on his own initiative, using procedures furnished by WWS and
equipment at local cost. He alerts the community.

A second approach is the Automatic Flash Flood Alarm which activates a warn-
ing in the community when the stream reaches a pre-set danger point. About a
dozen of these systems are currently installed, including Wheeling, West Virginia;
CGreen Brook, New Jersey; Rosman, North Carolina; and La Follette and Spring City,
Tennessee. -

The third and most widespread approach is the comnventional Weather Warning
which depends on the expertise of the local weather forecaster who issues a
generalized warning of possible flash flood conditions.

Terrain and storm characteristies in many watersheds permit reliable and
timely flood forecasts. Unfortunately, forecasts are of little value 1f there
is no complementary plan to accomplish temporary evacuation, emergency flood
proofing, or other measures. Public broadcasts of flood warnings seldom give
explicit instructions on appropriate action to be taken. Appropriate plans
for organization to utilize the forecast information are necessary, especially
where life is endangered.

Well-known examples of forecasting and emergency action are the recent
operation at Minot, North Dakota, and Operation Foresight of the Corps of Engi-
neers and others for the upper Mississippl River Valley when record flood stages
hit cities on the Mississippi, Red, and Souris rivers in 1970. lLess important
examples are noted annually throughout the nation.

The only soclution, partial as it may be, for some flood problems is flood
forecasting plus eémergency action. For other flood problems it is appropriate
as a supplementary measure. Cooperation of the NWS should generally be obtaine
ed and potential benefits of flood forecasting considered for applicable areas.

FLOOD PROOFING

Two good publications on flood preofing are John R. Sheaffer's “"Flood
Proofing : An Element In A Flood Damage Reduction Program" (1960) and Sheaffer's

"Introduction To Flood Proofing" (1967) prepared for the Corps of Engineers and
the Tennessee Valley Authority. Those briefly refer to sites throughout the
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Nation where different types of flood proofing measures have been used. They
also indicate designs and costs for some applications.

Flood proofing programs include both existing and proposed structures.
Flexibility is inherent in this approach. It is used in conjunction with flood
control structural measures, flood plain regulations, and flood insurance. It
is also used separately for permanent, partial, or interim relief, However, it
is more often considered a supplement to other measures rather than an alter-
nate.

The Joseph Horne Department Store and the Pittsburgh Press newspaper build-
ings in the Golden Triangle of Pittsburgh, Pennsylvania, are excellent examples
of flood proofing existing structures. The Gateway Center buildings and the
Pittsburgh Hilton Hotel in the same area are examples of flood proofing new
buildings as they are constructed.

The Horne Department Store was flooded to depths greater than eleven feet
above the first sloor (more than 20 feet above the basement floor) during the
1936 flood. Following that flood, the store undertook a thorough flood proof-
ing program. Aluminum bulkheads were designed to protect door and window open=~
ings. The bulkheads for the large show windows are suspended on overhead trol-
ley rails for ease of movement from storage at the back of the show window
space to cover the windows when needed. Massive bulkheads for the open load-
ing dock areas are on hinges at the top so they can be swung up and stored
horizontally. When floods threaten, they are lowered and bolted into place.
Arrangements have been made to protect the large glass windows from the press=-
ures of flood waters. Sump pumps are installed in the basement to handle seep-
age through the walls and elsewhere, RElectric lines are brought into the build-
ing at high levels to assure power supply during floods. Counters and tables
for displaying goods are mounted on wheels so they can be readily moved to
upper floors, if necessary. And the Store was able to obtain flood insurance
because of the thorough flood proofing to the height of the 1936 flood.

The Gateway Center buildings, Hilton Hotel, and newspaper building have
similar aluminum bulkheads near each of the openings so they can be moved quick=
ly and bolted into place. Some of the Center's openings are horizontal at
ground level. The glass windows in the lower floor of the newspaper building
were replaced by glass block. Valves on pipelines in the building are painted
various colors in accordance with printed instructions for action during floods,
The lowest floor of each Gateway Center building is concrete and is several
feet thick to help overcome buoyancy during floods.

The basement of a church in an Appalachian Mountain resort town was being
damaged by underground flows from upslope springs each time of heavy rainfall,
There was seepage through the walls and at the junction of walls and floor as
well as buckling of the basement floor in places. A marrow trench was exca-
vated along the outside of the upstream walls, a porous layer of stone was in-
stalled below the elevation of the floor to act 8s a drain, and the treanch was

backfilled.

One of the motels in Gatlinburg, Tennessee, was built on a hilluide with
the floor above the 100-year flood level of the nearby stream. Sloping ramps
were used because the public prefers ramps over many steps. Stores in a western

Virginia town were similarly constructed.
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Industries in many locations suffering from shallow flooding have raised
large, expensive motors as much as two feet or more to prevent their being
damaged from reoccurrence of the small floods, Other industries, such as a
large one in Southwestern Pittsburgh and a Jacuzzi plant in California, have
taken various actions to flood proof their existing investments,

Plans for a new $1.25 million school in Chattanooga, Tennessee, were re-
vised so the structure floor would be above the 100-year flood elevation. The
building was reoriented to take greater advantage of the topography and the
structure built with the floor about two feet higher than originally planned.
Cost of the changes was less than $25,000,

COMPREHENSIVE APPROACH

The experience of the twin cities of Bristol, Tennessee-Virginia, is an
early though good example of the cooperative, multi-disciplinary approach to
flood problems. The persistent flood problem that had retarded orderly de-
velopment of the cities (hereafter referred to as Bristol) was solved as a
part of the Tennessee Valley Authority’s flood plain management program.

A joint Flood Study Committee (FSC) was appointed by the cities., That
FSC enlisted the assistance of additional citizens and reguested technical
assistance from the Federal Government (IVA) and the respective states. Four
subcommittees were formed to work with the Federal and stage agencies in study-
ing flood control, flood proofing, flood plain regulations, and urban renewal.
The chairman of each subcommittee was selected from members of the FSC and
each subcommittee recruited additional citizen mewmbers.

The final flood plain management progrem included two upstream detention
reservoirs with a permanent recreatiom pool in one of them; recreation in each
of the reservoir areas; channel enlargements along two principal streams through
the cities; flood proofing of structures; professional guidance and assistance
to individuals in flood proofing; revision of zoning ordinances, subdivision
regulations, and building codes to include flood plain provisions; utilization
of opportunities to assure improvements in other stream channels during new
ma jor highway construction; utilization of urban renewal opportunities to mini-
mize flood damage; and action coordinated with the local plans for development.

Waterloo, Iowa, was not gatisfied with the Corps’ original plans for solv=
ing its flood problems. While reviewing the proposed flood control plans, the
c¢ity realized it also had other urban deficiencies that were interrelated to
the river and flooded areas. There was a blight belt that extended diagonally
through the city on both banks of the river. There was unplanned and uneven
growth in the area and a severe land mix of factories, homes, schools, and com=
mercial facilities that presented safety and health factors. Quality of the
river water was deteriorating from wastes.

Utilizing urban renewal assistance and with dynamic leocal input and impe-
tus from local committees, a Federal-state-local cooperative comprehensive plan
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was prepared. It included river channel improvement, water quality improvement,
levees and wall, land fill of & large area for industrial and recreational uses,
a scenic river front drive, bridges to improve traffic conditions, greater water
surface for water recreation, extended public park areas, a recreation center
that was flood procfed and also serves as a2 reach of flood wall, a low-flow dam
to maintain permanent water level in the viver, mosquito abatement, a flood
plain management policy, and a rebirth of a strong municipal spirit. This

could not have been accomplished unless the local input and effort had not been
closely coordinated with the Corps of Engineers efforts.

In S8t. Bernard Parish east of New Orleans, Louisiana, the land is low marsh-
land, typically about 1.5 feet above sea level. The lowlands, extending inland
from 20 to 50 miles, are subjected to severe hurricanes and flooding. The Corps
of Engineers study indicated that diking the areas was not economically justi-
fied and recommended flood proofing of structures and emergency evacuation along
with other effective flood plain regulations. New buildings were to have their
lowest floor at least 12 feet above sea level (10 feet above the ground). Many
buildings with attractive architectural designs have been constructed accord-
ingly, including the Sebastian Roy School, San Pedro Pescador Church, Grand Isle
Library, and U.S. Coast Guard Station.

A shopping center in Knoxville, Tennessee, followed advice of a Federal
agency concerning the local flood hazard. The avsilable site in the desired
section of the city was on the flood plain of a2 winding creek., The creek channel
was relocated and improved, the buildings were constructed with the floors above
the 100-year flood elevation, the parking lot was left low and was paved to act
as an improved overflow section during flood periods, and the entire swampy
overgrown area was thus transformed into a useful attractive site.

Oliver Springs, Tennessee, is an exemple of a broad program involving the
cooperative efforts of the community, counties, state agencies, area railroads,
and Federal agencies. Planning for the multipurpose program was triggered by
severe flooding.

The program includes an improved stream channel with some relocation, a
public housing project, urban renewal, new water and sewer systems, school im-
provements, an industrial park, highway relocation, recreation facilities,
renovation of the downtown business district, flood plain provisions in the
zoning ordinance and subdivision regulations, flood proofing of buildings, and
official awareness or future improvements., Local committees provided the focus
for Federal-state-local cooperation in the project.

INFORMATION AND GUIDANCE FOR IMPLEMENTATION

Changes in our society have led to a greater insistence of individual ex-
pression on specific projects and specific decisions of governments. It be-
hooves program planners and managers to provide ample and understandable infor-
mation that will permit informed opinions. Such information programs need to
be organized at all levels of govermment - - local, state, and Federal.
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Committees or other instruments of local opinion and input are essential to
coordinated govermmental decisions leading to effective programs.

One major factor in the development and adoption of flood plain regula-
tions, flood proofing, and other nonstructural measures is experienced guid-
ance, This is true also in the development of comprehensive plans that may
include both nonstructural and structural measures. Communities and individuals
generally are not knowledgeable enough and often not capable to solve their
problems. Many need strong encouragement to act concerning something they do
not understand too well, Federal and state techmical guidance and assistance
can be very effective.

A few of the states have programs to provide some of the assistance needed.
The TVA has a very effective program for providing this information and assist=
ance in the Tennessee Valley. The Corps has such services outlined in its
Flood Plain Management Services program but has never provided funds nor per-
sonnel to lmplement effective information and assistance., It appears that FIA
may eventually implement an effective program should other agencies fail to
meet this need.

5 May 76
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EXPERIENCES WITH NON.-S'TRUCTURAL MEASURES

IN THE NEW ENGLAND DIVISION

By

LAWRENCE J. BERGEN 1

Presentation at the Seminar on Non-structural Flood Control
Measures

Fort Belvoir, Va. - 4 - 6 May 1976

LChief, Policy and Long Range Planning Branch, Planning Division, New
England Division, Corps of Engineers
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Over the past several years, the New England Division has used several
non-structural approaches to flood management problems and has found differ-
ent approaches to be useful in different situations. In one area, the Charles
River watershed, acquisition was successful, in another, the Pawtuxet River
watershed, the Flood Insurance program was the most effective, and in the
third, the Connecticut River Basin, the Flood Insurance program together
with relocation and acquisition may be the answer.

Experiences with non-structural measures within this division could be
grouped into two categories - those measures which prevent flood damage; and
those which address existing damages.

To illustrate our success with various non-structural measures [ would
like to discuss three different studies in three different basins: (1) the
Charles River Watershed Study; (2) the Pawtuxet River Flood Control Study;
and (3) the Connecticut River Basin Study.

The three basins are different in many ways - size, shape, degree of
urbanization and hydrologic characteristics. The Pawtuxet and the Charles
are about the same size - 300 to 400 square miles - both rural in the upper
watershed and highly urbanized in the lower watershed, but each has differ-
ent hydrologic characteristics. The Connecticut River Basin, by contrast,
does not have the same patterns of urbanization nor similar hydrologic
characteristics and it is also a much larger basin - over 10,000 square miles.
Also the Connecticut River Basin Study was a comprehensive (Level B) study
while the other two were survey reports (Level C).

The Charles River watershed can be subdivided into three parts - the
upper, the lower and the middle. The lower Charles extends from Boston
Harbor to Moody Street, Waltham, and is highly urbanized. The middle
Charles extends from Moody Street to South Natick Dam in Natick and con-
tains established suburban communities. The upper Charles extends from
South Natick Dam to the headwaters in Hopkinton, Massachusetts and is a
rural area, rapidly changing to suburban in character.

The watershed is hourglass in shape - it is about 31 miles long and
about 15 miles wide and extends from Hopkinton in a long meander about 30
miles to Boston Harbor. In the lower portion, the watershed is heavily ur-
banized, nearly all paved over by development and conducive to both tribu-
tary and main stream flash flooding. Near the mouth of the river there is a
large impoundment created by a dam built in 1910, Itis locally referred to
as the Charles River Basin or just '""The Basin''. By contrast, the middle
and upper watershed are now experiencing a major transformation in charac-
ter with extensive areas being urbanized in nearly all towns. In recent
years the lower Charles has been subject to severe flooding. During the
record flood of August 1955, damage amounted to an estimated 5.5 million
dollars. A repitition of this flood in 1971 dollars would cause over 12 mil-

lion dollars in loss. This flooding is caused by the rapid run-off from
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built-up areas of Cambridge and Boston. Storm water from upstream of
Moody Street, Waltham contributes very little to the lower Charles flooding.
All of the flooding comes from the lower watershed. Peak levels in the
lower Charles are reached four hours after a major rainfall, whereas flows
from the upstream areas reach the basin three to five days later. This con-
dition of little upstream influence on downstream flooding is primarily due to
the natural valley storage areas of the middle and upper watershed.

Throughout the middle and upper watersheds » flood damage at the pre-
sent time is not extensive. The relatively low flood damage experienced is
attributable principally to the extensive marshes and swamps along the Charles
and the principal tributaries upstream of Newton.

The primary flood problem in the lower Charles River results from the
high degree of urbanization which causes intense run-off in a very short
period of time and the fact that the Harbor high tide is higher than the Basin
level. Aggravating the situation was a lack of control of the water level of
the Basin in which the run-off collects.

Our studies of the lower watershed problem were completed in 1968,
with the recommendation for construction of a multiple-purpose dam in the
vicinity of the mouth of the river and the dam will include three navigation
locks, a large pumping station and the foundation for an overhead traffic via-
duct. When we were completing our study of the lower Charles, the 1968
flood occurred in the Charles., This flood approximated the 1955 flood which
was the flood of record in eastern Massachusetts and the flood enabled the
Charles River study team to observe what was happening in the numerous
wetlands in the middle and upper Charles River. This was the beginning of
what was to be the final report's recommendation for the over-all Charles
River flood control management proposal.

The Charles River Study final report demonstrated that the natural
valley storage contained in the many swamps, marshes and other wetlands
in the Charles River watershed modifies high and low flows in the same man-
ner as a reservoir or system of reservoirs and also provides a natural solu-
tion for the watershed's growing flood control problem.

Continuing urbanization threatens the wetlands and without storage af-
forded by the wetlands, flooding would become an increasingly serious prob-
lem. The report concluded that a combination of Federal and non-Federal
actions to preserve the swamps and wetlands in their present state as natural
flood water detention areas is needed to reduce growth and future flood losses
and to safeguard open space. Recommended was the Federal acquisition of
lands or easements in 17 natural valley storage areas, totaling some 8,422
acres that are critical to the comprehensive flood reduction plan for the entire
watershed.
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The unchecked momentum of municipal growth is threatening the flood
safety of the Charles River communities which are downstream. The develop-
ment continues to encroach on wetlands, reducing the total acreage and the
storage capacity. As urbanization spreads and pavements and drainage sys-
tems replace vegetated areas, storm run-offs are much faster and the satura-
tion capability of the land is exceeded. The importance of natural valley
storage has always been recognized but there are very few occasions in which
their preservation could be recommended as an effective means of flood manage-
ment. This is probably the most important point to remember about the recom-
mendations for natural valley storage area acquisition. The three essential
ingredients that are required are first, there must be extensive natural valley
storage areas present; second, there must presently be little or minor flood
damages; and third, the loss of the natural valley storage areas must be im-
minent. This third requirement also makes implementation of our study recom-
mendation urgent. Massachusetts, for instance, State-wide is losing its wet-
lands at a rate of 1 percent per year, but within the Boston area the rate is
much higher. We anticipate that over half of the Charles River watershed wet-
lands will undoubtedly be gone in about 20 years time.

The question was raised ""What will the acquisition of natural valley stor-
age areas do that flood plain zoning won't do?'" The purpose of flood plain zon-
ing is to protect life and property against near future flooding and to contribute
to protection against long term flooding. Emphasis in flood plain zoning is on
promoting proper use, rather than prohibiting use. Numerous communities
have adopted flood plain zoning based on a given flood with a certain elevation.
In the Charles the flood plain is dynamic and elevations which are acceptable
for development today will be in the future flood plain.

The New England Division concluded in the April 1972 Charles River Re-
port that natural valley storage in the watershed has considerable flood control
value, sufficient to justify the acquisition of wetland areas in lieu of building
flood control structures. The Water Resources Development Act of 1974,
Section 2, Public Law 93-251 authorized Federal action through the Corps of
Engineers in preserving upstream natural valley storage areas, consisting of
about 8,500 acres of swamp, marshes and other wetlands. Congress appro-
priated funds in fiscal year 1975 to initiate preacquisition planning, techni-
cally termed Advance Engineering and Design. Our current studies relate to
updating and refining hydrologic data and economic analysis necessary for this
non-structural method of flood protection.
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The Pawtuxet River watershed within the State of Rhode Island is simi-
lar in size to the Charles River watershed with only slightly more than 200
square miles of drainage area. The basin area is made up substantially by
seven communities, however, the bulk of the population is in the three down-
stream communities of West Warwick, Warwick and Cranston and primarily
in the latter two.

The Pawtuxet River watershed has experienced many outstanding floods
which resulted in rather moderate flood damages. However, uncontrolled ur-
banization coupled with extensive commercial industrial development and the
introduction of a major interstate highway system has markedly changed the
flood damage potential. For example, new complexes and interchanges have
been built, largely along what were once vacant low-lying areas. The natural
valley storage provided by those vacant areas modified earlier flood stages
but no longer continues to do so; consequently with recurrence of past record
floods, the effects of this urbanization will be felt in higher flood stages.

Another significant factor is the location of two reservoirs on the two
major upstream branches, the north and the south, which form the Pawtuxet
River at the upstream end of the three lower communities. In the past, major
floods have occurred at times when the water levels in these two reservoirs were
low, consequently, a significant amount of the flood run-off was stored in the
two reservoirs. In the future, storage within the reservoirs and the resulting
dampening effect cannot be counted on. To give you an example of the urbaniza-
tion that has taken place recently, it is estimated that in the last ten years ap-
proximately 10 percent of the natural valley storage was lost through develop-
ment. Studies indicate that as a result of loss of natural storage and increased
run-off rates, future flood levels at this location could be at least one to two
feet higher. Other upstream flood plain areas are presently undergoing simi-
lar land changes, and similar increases of flood levels will occur throughout
the basin. It is likely thata recurring flood of the size of past record floods
would inflict major losses.

As part of our study of alternative measures, many non-structural ele-
ments were considered in the initial phases of the study as possible flood con-
trol alternatives., These included, relocation, urban redevelopment, flood
proofing, flood plain zoning, national Flood Insurance program and others.
The conclusion was that non-structural approaches could be used effectively
to prevent or minimize future damages and in some areas, to alleviate exist-
ing losses.

A program for relocation of all flood-prone structures presented an op-
portunity to remove domestic, commercia, industrial establishments from
the flood plains to the secure areas free from potential flooding and to set
aside those vacated areas for parks, open space and other passive uses. For
those major damage areas protected by the considered project, this alterna-
tive would have been impractical, because of the existing high degree of de-
velopment. It would have had a social and economic impact on families,
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business and industrial establishments and would have been inconsistent with
the urbanization process of the area. From an engineering and economic view-
point, such a measure would have been prohibitively costly and would have
caused undue hardship.

Generally, an urban renewal program would be an effective measure for
flood blighted areas that cause a continual drain on the economic life and wel-
fare of the community and that usually do not lend themselves to other methods
of regulation and control. Except for a few isolated areas, the lower end of
the Pawtuxet River could not be classified in that category. Generally, itis
an area heavily urbanized and served by a modern elaborate highway and rail-
road system. Therefore, an urban renewal program for these revitalized
areas did not appear acceptable, particularly when more practical measures
were available.

Flood proofing was considered in substantial detail, particularly along
the main stem of the Pawtuxet River, and it was felt that it could be effective
where depths of flooding do not exceed two to three feet and where the struc-
ture has the ability to withstand hydrostatic pressure. The age of many of
the structures being threatened by potential flooding along the lower end of the
Pawtuxet River would not lend themselves to flood proofing. The depths of
flooding are such that flood proofing of existing structures would not be an ef-
fective measure for the lower Pawtuxet without some sort of supplementary
structural measures. Also it would be very difficult to achieve and to admin-
ister because of the complex pattern of land use regulations and building
codes which would require major community cooperation in those heavily
built-up urban areas. For these reasons, flood proofing was not a workable
alternative to the recommended structural measure, which was a major diver-
sion project; however, with the reduction in flood stages by that major diver-
sion tunnel flood proofing could become a viable supplement in many fringe
areas of the flood plain.

The intent of flood plain zoning would not be to protect life and property
against existing flood loss potential as much as to prevent the flood potential
from worsening in the future. The emphasis would be placed on promoting
wise use rather than prohibiting use. In the case of the lower Pawtuxet River
where the flood plains are already moderately developed the effectiveness of
zoning would be limited to the declaring existing development a non-conforming
use, thereby curtailing expansion in the future. However, combining flood
plain zoning with structural measures and stipulating that certain zoning con-
straints would have to be established with implementation of a definite struc-
tural plan would provide a balanced plan to reduce present damages and to in-
sure wise use of the flood plain.

The national Flood Insurance program was considered but it should be
noted that the maximum liability coverage would be limited to $100,000 each
for the structure and the contents. In the lower Pawtuxet, a large percentage

of flood losses would be sustained by structures beyond this limited coverage.
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Therefore the Flood Insurance program would not provide total flood protec-
tion to the urbanized area, particularly because of the many diversified in-
dustrial establishments located on the lower Pawtuxet. Flood insurance
should be used as an important component along with structural and non-
structural measures in the total basin flood management plan.

Various other methods, such as flood forecasting, subdivision regula-
tions and/or building codes were also considered and were determined to be
complementary to the considered structural measures rather than alternatives
to them. Therefore, the principal focus of the study shifted to a combination
of structural and non-structural elements as the most favorable course of ac-
tion to be pursued. As it turned out, the recommended plan for the Pawtuxet
River watershed consists of a major diversion tunnel, approximately two miles
long, from a point on the main stem of the Pawtuxet River just upstream of the
major urbanized lower basin out to Narragansett Bay, coupled with two local
protection projects, one around a residential area in Warwick (Norwood) and
the other around an urbanized industrial area in Warwick. These structural
measures would be supplemented by the Flood Insurance program along the
main stem of the river, and also along the tributaries. There is also the re-
commendation for flood control storage to be included in the water supply
reservoir plan on the South Branch to be built in the future.
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PAWTUXET RIVER BASIN - NON-STRUCTURAL COSTS

House relocation $23,000

24" x 34' w /basement and relocation
within same area

Raising home w /Floodproofing
1' 6,600 3,900 10,500
2' 7,800 3,500 11,300
318,900 3,200 12,100

Flood proofing cellar

1 3,500
6! 3,600
7.5 4,200
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The Connecticut River Basin is a large basin, by contrast, with a large
watershed area which extends through four States and encompasses over 11,000
square miles. There are local areas of the basin that are affected by urbaniza -
tion but the Corps problem on the Connecticut River Study was to look into
basin-wide flood management. In this particular basin, basin-wide flood manage-
ment was not really significantly affected by urbanization.

As background, the Connecticut River Basin has had a basin-wide flood
management plan for almost 30 years, ever since the Congressionally authori-
zed plan of 1938. That plan called for the construction of dikes around the
seven major damage centers along the lower main stem of the river, together
with the construction of twenty large upstream reservoirs.

When the plan was first proposed, the dikes were built almost immediately.
Initially, only five reservoirs were constructed, although eleven were added
later. At present, the system is still seven reservoirs short of the originally
proposed level of protection, and there is little likelihood that these reservoirs
can ever be built - primarily because of political opposition. Because the seven
reservoir alternative lacks support, the recent Federal/State supplemental
study sought to accomplish most of the remaining needed protection through non-
structural means. In the process, several levels of non-structural protection
were investigated. These studies into non-structural measures were actually
not done by the Corps but by the New England River Basins Commission with
the Corps providing hydrologic and flood damage input.

The Commission considered three different alternative levels of non-
structural measures. The maximum level was equivalent to the protection pro-
vided by the seven flood control dams recommended by the Corps. Two lower
levels of protection were also considered. Analyses were made of the three
alternative approaches for the six cities around which there are existing local
protection projects and in addition, for ten other communities which have major
damage problems.

Program A was designed to provide a non-structural alternative which would
prevent an increase in the flood loss potential for events up to the SPF. Exist-
ing flood losses would be prevented in the flood plain below the elevation of the
100-year event. In other words, structures within the 100-year floodline would
be cleared or flood proofed. New structures between the 100-year floodline and
the SPF would be flood proofed. The insurance program would be modified to
require a property owner to take insurance if he was below the SPF floodline.
Land use controls would extend to all flood levels up to the SPF.

Program B was even more ambitious. This program was to have provided vir-

tually the same level of protection that would be provided by the alternative
local protection project; that is to prevent all losses from any flood up to the
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SPF. Existing structures below the SPF line would be either removed or
flood proofed; new structures would be flood proofed to the SPF. As in Pro-
gram A, the flood insurance program would be modified to require property
owners who are located below the SPF to carry insurance.

Program C, a compromise program which was recommended in the ""River's
Reach'' was developed when it became evident (to NERBC) that Programs A and
B could not achieve economic viability or public acceptance. Program C would
be accomplished on a community specific basis under some general guidelines.
Development would be prohibited in the floodway (NERBC used a 20-year flood
to approximate the floodway). All existing structures that do not have to be in
the floodway would be removed. Structures that have a strong locational advantage
by virtue of being in the floodway would be flood proofed to the 100-year flood-
line. Residential structures, between the 20-year and the 50-year floodlines
would be removed from the flood plain at the owner's option. New structures
and existing structures that present a hazard would be flood proofed up to the
100-year floodline. The flooding potential of properties in the flood plain will
be determined and this information will be disseminated to the public.

It could not be demonstrated that any community-wide Program C effort
was economically justified. A rather crude benefit/cost assessment indicated
that a Program C effort in a total of 18 communities has a B/C ratio of 0.9.

The "River's Reach' has recommended that level ''C'' studies be under-
taken on a trial basis on several of the more promising communities in the
basin. It is felt that the level "B" studies done to date do not prove or dis-
prove the viability of a non-structural approach. NERBC feels that the recom-
mended level ""C'' studies would also provide a vehicle to demonstrate '"Section
73" of the 1974 Water Resources Act. Assuming that the level '"C'" studies do
in fact prove that non-structural techniques provide: the optimum; and a viable
solution,recommendations for cost sharing will be made under the provisions of
Section 73.
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RECOMMENDED PLAN - CONNECTICUT RIVER BASIN

1. Plan for areas behind the 6 existing dikes

- Flood warning improvements

- Raising the dikes to SPF level (in either 4 or all 6 of the communities)
- Flood Insurance - expansion from 1 percent to SPF

- Relocation and flood proofing - where economical

2. Plan for areas outside the 6 existing dikes

- Consider local protection (including small dams)

- Improve and expand flood warning and community preparedness

- Consider relocation and flood proofing:
- up to 20-year flood level reserved for floodway and open space
- 20-year to 50-year permit only flood proofed non-residential
structures
- 50-year to 100-year permit only flood proofed structures

3. Prevent loss of natural valley storage and encourage wise use of flood plains

- Regulate flood plains through Flood Insurance Program with State
leadership

- Acquire and preserve flood plain land as open space

- Maintain agricultural use of flood plains

- Guide growth away from flood plains
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NON-STRUCTURAL PLANNING ALTERNATIVES
THE

SOUTH ATLANTIC DIVISION'S EXPERIENCE
BY

Shelton R, McK‘eever1

INTRODUCTION

Flood control planning procedure guidelines to give strong consideration

to non-structural alternatives have been issued rapidly within recent

years. This strong emphasis has been placed on non-structural alternatives
in the absence of definite criteria. This, most likely, is due to a lack of
past experience on which to establish tangible guidelines as we now have in
our evaluation procedures for structural alternatives,

The most common analysis for flood damage reduction results in the
recommendation for structural improvements. Until recently, only a cursory
analysis was given the non-structural alternatives. This has changed somewhat
with the issuance of the policy to give first consideration to these alterna-
tives. Even now, we see recommendations for either structural or non-structural
measures. Planning should abolish the concepts of "structural' and 'non-
structural' solutions and adopt what has been called the concept of 'Flood
Damage Prevention Planning''. Only by applying this concept can we fully
recognize and analyze the problem to give full consideration to both measures
and, tailoring the formulation to the situation, come forth with a recommen-
dation that best solves the problem.

OVERVIEW

This paper summarizes the experience of the South Atlantic Division in the
evaluation and applicability of non-structural alternatives., By presenting

this experience, it is hoped that we will gain more insight to flood

control planning by realizing that a best solution may involve a mixture of
various techniques or that it may involve either ''structural' or non-structural"

techniques.

Table 1 shows a list of selected projects with the B-C ratio of various
alternatives.

1 Civil Engineer in Flood Plain Management Services Branch,
Planning Division, South Atlantic Division.
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PROJECT

Simmons Creek

Black River

Scotts Creek

Leith Creek

Reedy Creek

Nicodemus Slough

Fisheating Creek

Bay Gall Creek

Brooklyn Branch

TABLE 1

ECONOMIC COMPARISON OF ALTERNATIVES

MAJOR
ALTERNATIVES
CONSIDERED

Concrete lined channel
Floodproofing

[N

Channel improvement
Floodproofing

[N

1. Floodproofing
2. Channel improvement

1. Floodproofing
2. Channel improvement

Zoning of flood plain §
building codes

Purchase Flowage Easements

Flood plain purchase and
raise a highway

Zoning

Floodproofing

Flood plain evacuation
Reservoirs

Channel improvement
Levee

Clearing & snagging

NOYU N

Evacuation (10-yr)
Channel improvement

[Nl

AVG. ANN. AVG. ANN. B-C
COST BENEFITS RATTIO
$ 12,480 $ 27,520 2.2
6,140 29,185 4.8
6,692 10,398 1.6
- - 0.8
37,600 28,800 0.8
55,000 64,220 1.2
45,200 23,500 0.5
16,700 22,200 1.3
None None None
185,000 ? -
61,000 61,000 1.0
Slab structures cause F.P.Problems
23,600 48,300 2.0
51,510 82,810 1.6
13,510 29,110 2.2
17,118 32,020 1.9
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Problems in giving full consideration to all alternatives can be attributed
to:

® A lack of understanding the non-structural approach.
® The history of not funding non-structural projects.
® A lack of adequate formulation and design methodologies.
® A lack of acceptance by local officials and the public.

A point to keep in mind in considering non-structural measures is there are
intangible considerations other than property damage which motivate flood
plain residents to seek structural solutions to their flood problems. As
an example, we have worked with a county in Georgia through our FPMS program
to develop a structural design to protect all structures against a 100-year
frequency flood. The county, at their expense, is in the process of con-
structing this project. As a rough estimate, the BC ratio for the project
is 0.4. This indicates that local governments sometime give little
consideration to the cost where political and social influences are strong
and where there are ample funds available, However, if bonds are needed,
the support is weak and the public votes down the referendum. Also, there
is a general willingness on the part of the public to accept structural
solutions whereas they have a somewhat negative attitude on accepting
non-structural solutions. This is demonstrated in Table 2 which summarizes
the results of an opinion poll of flood plain residents.

TABLE 2

FLOOD PROTECTION PROJECTS

FLOOD PLAIN RESIDENTS RESPONSE (1)

ALTERNATIVE ACCEPT OPPOSE
CHANNEL ENLARGEMENT 100% 0%
RETENTION RESERVOIR 80% 20%
RAISE HOUSE 5 FEET 22% 78%
PERMANENT EVACUATION 67% 33%

(1) Ret. 1
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SUMMARY OF EXPERTENCES

It is not uncommon for flood control feasibility studies to find that no
structural improvements can be recommended, especially when there is sparse
or scattered development in the flood plain. Even in areas where development
is heavy, there are usually no suitable upstream reservoir sites due to
development, and channel improvement is expensive because of major relocation
and construction problems. In these cases, non-structural recommendations
have been made. The most common alternatives are:

® Floodproofing
@ Evacuation
® Flood Insurance

Appendix 1 presents one of our more detailed non-structural analyses which
included evaluations of floodproofing, dikes, raising structure on pilings,
and moving the structures.

EVACUATION

This has been the most successful and desirable technique. In cases

where channel improvement is not practical due to relocation and construction
problems, permenant evacuation of houses through purchase and demolition

has been found to be the most practical non-structural alternative. A
problem in using this technique is that only a limited portion of the
damages can be eliminated. Our formulation indicates an evacuation design
between 5 and 15 years which means there is considerable residual damage for
the less frequent floods. Figure 1 demonstrates a typical evacuation plan
that, after project formulation of a five-year design, there is considerable
residual damage. The social impact of such a plan is adverse in that it
disrupts the community life, displaces people from this settled area, and

if only temporarily, places many inconveniences on those people affected.
The political impact has been generally negative. However, the elected
officials in some of our larger cities have begun to endorse this alterna-
tive. Table 3 shows the results of a questionnaire for public officials

on the question of flood plain evacuation (Ref. 1).

The average annual cost of permanent evacuation of a structure is in the

range of $2,250 based on a structural value of $30,000 (Ref. 1). Table 4
shows a breakdown of this cost.
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TABLE 3
FLOOD STUDY QUESTIONNAIRE

FOR PUBLIC OFFICIALS

Do you think most people knowingly move into locations which
flood frequently? Yes 00 No XXXXX00

Do you think there is a public as opposed to individual respon-
sibility to define flood prone areas and restrict development
in these areas? Yes XXXX00000 No

It has been estimated that in the Metro Atlanta area there are
about 1,550 homes flooded every 50 years, 380 homes flooded every
10 years, 130 homes flooded every 5 years. Which of the following
programs would you support if homeowners desired to sell, and no
other flood control measures are feasible?

Purchase homes flooded at least every 50 years. X
Purchase homes flooded at least every 10 years. X
Purchase homes flooded at least every G5 years. XXX
Purchase none of the homes subject to flooding. 00

Do you believe public funds could be obtained for the purchase of
the homes at the flood level indicated by you in the above question?
Yes XXXXX No 0000

If you did not indicate support in the above questions for purchase
of homes in severe flood prone areas, would you support such a
program if 80% of the funds are furnished by the Federal Govermment?
Yes 00 No 00

Mark by each Public Official

X = DeKalb County Commissioner
1 = Fulton County Commissioner
0 = Atlanta City Councilman
Questionnaires Number Officials
Sent Qut Responding
DeKalb County 7 5
Fulton County 7 0
Atlanta City 7 4

(Ref. 1)
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TABLE 4
AVERAGE ANNUAL COSTS

FOR
PERMANENT EVACUATION

Use typical brick veneer house 1500 £t.2 with 2-1/2"

crawl space.

1975 value = $30,000

Economic Cost

Purchase price of house = $30,000
Land Value = $7,500(1)
Acquisition cost = 1,500
Demolition and cleanup (misc) = _21999.(3)
$33,500
Engineering and Contingencies 2,000
$35,500 %)
Discount rate effective July 1975 = 6-1/8%

Ammual cost = $35,500 at 6-1/8% for 50 years.
Annual cost = $35,500 x 0.063444 = $2,252.00

(1) Land value is part of financial cost but not economic
cost. Real land value is probably less than $7,500
and is retained, and remainder given to homeowner
represents benefit to homeowner.

(2) Additional §$5,000 not shown provides funds for home-
owner to obtain suitable equivalent housing.

(3) Revised from $4,000 as was estimated to indicate actual
contractor's cost.

(Ref 1)
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FLOODPROOFING - In cases where modifications of the channel are not feasible
due to sparse or scattered development, it is found that floodproofing is

the most economically responsive solution. However, care should be exercised
in making a recommendation especially for residential areas.

While floodproofing is a means of reducing flood damages, it is not a
desirable solution for use in residential areas. Many of the homes affected
by flooding are slabs on grade which precludes raising the structures. Using
levees to floodproof individual property would be unslightly and also expensive
due to the necessity for providing interior drainage. However, this technique
has been employed by several individual property owners. They have either
built walls or constructed levees around their property. If careful throught
and engineering went into the design and construction, this was successful.
However, many land owners neglect such things as hydraulic loading, interior
drainage, materials selection, and flap gates in sewer and drainage pipes.

As a result they sustain an increase in damage.

Floodproofing techiques are most effective utilized by commercial and
industrial developments, especially if they are occupied 24 hours a day and
have the resources to implement this technique. Floodproofing in conjunction
with flood warning procedures is most effective on the larger streams where
time to flood peak will give the occupants ample opportunity to seal any
openings and/or activate emergency procedures. Figure 2 shows a plan view
of an industrial complex where the recommended plan called for floodproofing
(Ref. 2). Table 5 shows the major floodproofing measures to be implemented.

An example of the details of floodproofing an individual structure is
furnished in Table 6.

TABLE 5
SIMMONS CREEK (1)

Floodproofing measures. The major floodproofing items considered in this
report are doors, windows, outside walls, and air vents that provide venti-
lation under buildings. The structural quality of the buildings was checked
to determine that they would withstand the pressure that would be applied by
a major flood.

1. Doors. The most feasible door floodproofing would be the
installation of a steel door, opening outwards, with a gasket seal around
the inside of the door between the door and the doorframe. The water
pressure exerted on the door, combined with the gasket seal, would provide
a watertight door.

2. Windows. It was found that bricking-up was the most economical
floodproofing measure for windows. The windows would be bricked-up to
the desired height with two rows of brick, one on each side of the window,
with mortar filler in between.

3. Walls. The outside walls would be cleaned of all foreign material
and painted with two coats of silicone waterproofing material. A 2-foot
freeboard was considered sufficient for wall waterproofing.

4. Ventilators. All ventilators under buildings and in basements would
be closed with brick to prevent flooding by water entering under the building.

(1) Ref. 2.
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TABLE 6

FLOOD PROOFING
CITY HALL
BAYOU LA BATRE, AL (1)

PERTINENT DATA

Structure ------------mcom e Brick, Masonry, & Metal Siding
S1Z€ ==m - mmmm e ---- 4,900 sq. ft.
Floor Elevation ------=------moummmcmmaaaao 8.5 msl

PERTINENT ELEVATIONS

Design Level --------- m=mro--s--smeceeee-—-- 10.0" msl
100-year flood level R R LT - 13.5" msl
Hurricane Camille Tide level --------------= 8.5" msl

DESCRIPTION OF WORK

1. Repair all cracks, holes, etc. in concrete, masonry,
and metal walls,

2. Setting of seal strips for temporary damming surfaces.
3. Caulking in and around all joints at doors, windows, etc.
4. Treating of all masonry with waterproofing.

5. Erection of temporary dams.

COST
Materials ---------m-mmmmee $5,790
Labor - sl 1,594

(1) Reference 3.
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FLOOD PLAIN REGULATIONS - This alternative has no immediate impact on flood
damages but the long range potential is a very important consideration as
witnessed by the basis for the Federal Insurance Program. This alternative
is most effective for undeveloped areas which are subject to development
pressure.

The full potential of using regulations is not being utilized. Areas can be
zoned with exceptions for non-conforming uses which can be phased out at the
end of the structure life or can be evacuated as funds become available. To
gain acceptance, it is important that property owners be granted financial
relief, such as tax breaks, an increase in development density, etc.

A weakness in this alternative as used by the Federal Insurance Program is
that regulations are based on existing hydraulic conditions. The regulations
should be based on future hydraulic conditions if development is to be kept
out of areas subject to future flooding. In other words, regulations for
future development should be based on the future conditions. Table 7 shows
an example of the effectiveness of the flood insurance program. However,
note the future increases in damages.

TABLE 7
FLOOD DAMAGE COMPARISON
FOR
FUTURE DAMAGE
WITH FLOOD PLAIN REGULATIONS (1)

Exp. Annual

Evaluated Condition __Damages

1. Existing Land Use - No Regulations $ 1,500
2. 1990 Land Use - No Regulations $1,033,300
3. 1990 Land Use - FIA Regulations $ 19,300

(1) Reterence 1.

From the standpoint of the individual property owner, the flood insurance
program is an alternative that can be applied to recover a portion of his
damage. However, it is impossible to recover all damages, both tangible

and intangible through the insurance program. This program does not reduce
flood damage but simply spreads the damage to all policy holders and to the
public. In fact, due to administrative cost, the costs of floods are increased
by this program. However, the heart of this program is that it demands that
flood plain regulations be adopted that result in a minimizing of future
construction (thus damage) in flood hazard areas.
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CONCLUSIONS

Table 8 summarizes in general terms our experiences in the applicability

of various non-structural solutions. This table reflects the opinion of

the author on rating the solutions on a scale from 1 to 10 based on economic,
political, environmental, and social conditions.

TABLE 8

APPLICABILITY OF NON-STRUCTURAL ALTERNATIVES

Non-Structural Measure
' ' - ‘ ' Regulations
Location Flood Proofing Evacuation (Flood Insurance)

I. Drainage Areas
less than 100
sq. miles

Industrial 10
Commercial
Residential
Undeveloped -

N oo
(o0 S N e
~NUTNNO

IT. Drainage Areas
100-400 sq. miles.
Industrial 10
Commercial 9
Residential 4
Undeveloped -

N O
NSO

IIT. Drainage Areas
greater than
400 sq. miles.
Industrial 10
Commercial 10
Residential 5
Undeveloped -

OO
Do OD
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FLOOD PROOFING - In general, flood proofing has been found to be most
effective for industrial flood damage reduction in most areas due to the
amount of flood damage and the availability of resources and manpower to
implement this technique. For commercial buildings this has proven to be

a good technique especially if used in conjunction with flood warning pro-
cedures. Thus, it is more effective for streams with larger drainage areas.
For residential protection, this is the least desirable technique especially
for the small drainage areas where flash flooding is experienced. We have
seen examples of good flood proofing techniques, but these are greatly
outnumbered by techniques that involve poor design or require swift
emergency actions by the property owner.

EVACUATION - This has proved to be the best non-structural technique for
residential area flood damage reduction. This completely eliminates the
damage potential below the design level but still leaves residual damages
above this level. Due to changes in the hydraulics, this technique is less
desirable along streams with small drainage areas. Due to the investment,
evacuation of industrial and commercial developments has been found to be
almost impossible.

REGULATIONS - Regulations, especially those required by the Federal Flood
Insurance Program, are most effective for residential development, or
undeveloped areas along streams which have large drainage areas. There is
some danger involved if regulations are based on existing hydraulic con-
ditions. This would cause new development to locate above the present
100-year flood but hydraulic changes during the life of the structure may
subject the property to more frequent floods. To some extent, the flood
insurance program encourages residents to remain in their house and to
improve and increase their investment, thus increasing the flood damage
potential. Due to the large investment, high cost of flood insurance, and
the desire of industry to locate near water, regulations are not effective
for this type of development. For the cost and investment reasons, this
also applies to commercial development.

GENERAL - In general, no matter which non-structural technique is implemented
there is an inherent danger in that they are based on a fixed design, such

as a 100-year flood design. Such a technique tends to overload development
at the elevation just above the 100-year flood, thus making conditions for

a disaster whenever the much larger floods occur. The true path to achieving
what the structurally oriented and the non-structurally oriented are trying
to achieve - prevent flood damages, there will have to be a joining of minds
to arrive at the best solution to the problem, whatever that might be. In
other words, our planning should be directed to a path of "Flood Damage :
Prevention'. S
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APPENDIX 1

ANALYSIS OF TYPICAL NON-STRUCTURAL FLOOD DAMAGE

Bldg

REDUCTION MEASURES

-

Crabtree Creek, Raleigh (1)

4 April 1976

L Design
. Market Flood- Type of Results
Bldg Type- Value Ht Above | Non-structural | Cost Benefits
Construction | in $1,000 | Lower Floor Measure in $1,000 Remarks
Apt Bldg - -
Brick
8 Lower AptS | 60 20yr-1.1" Flood Proof 6.0 2.9
50yr-3.4" Flood Proof 20.0 9.6
| 100yr~5.0" Flood Proof 27.0 14.4
i
{
Apt Bldg ;
f ‘ Earth Dike !
3 Bldgs : 180! 100yr-9.5' 1L=1,800 ft{ 63.0 Only 3 Bldgs
12 Apts W/major
‘ Earth Dike damages to
50yr-8.2' L=1,650 ft 44.0 244.0 | basement
’ T contents
Earth Dike
- 20yr-6.8"' L-1,500 ft 36.0 184.0
Residence f 20 ¢ 100yr-8.3' Raise on 25.0 63.4
Split level Pilings
100yr-8.3' Move Bldg 22,0 63.4
50yr-6.4' Raise on 20.0 61.6
Pilings
50yr-6.4" Move Bldg 22.0 61.6
20yr-4.2" Raise on 14.0 56.8
Pilings
20-100yr Flood Proof N/P - | Not possible
4.0" plus structur-
ally W/4' of
water W/0O
major struc-
tural alter-
] ations.
(1) Ref. 5.
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ANALYSIS OF TYPICAL NON-STRUCTURAL FLOOD DAMAGE

REDUCTION MEASURES

Crabtree Creek, Raleigh

4 April 1976

-Bldg Design
Market Flood ~ Type of esults
Bldg Type- L Value Ht Above Non-structural | Cost enefits
Construction|{ in $1,000| Lower Floor Measurel in $1,000 Remarks
Residence 12t 100yr-6.5' Raise on 13.0 20.0
1-Story " Pilings
1-Story 25} 100yr-1.8' Flood Proof 8.0 1.3
1-Story 25 20yr-1.3" Flood Proof 7.0 8.0
2-Story 25 50yr-0.8" | Flood Proof 1.7 1.1
1%-Story 20 20yr-0.7"' Flood Proof 2.1 10,0
2-Story 18 20yr-1.3" Flood Proof 3.6 5.1

1. All measures were carried 1.0 to 1.5 feet above design flood elevation.

2, Costs do not include operation and maintenance expenses.
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Commercial
Bldg Type-
Construction

Restaurant

Warehse W/
unloading
facilites &

refrig ;
compartments

Warehouse i

Bonanza Stk H%e 92.5

Typical type |
& size

Pizza Hut
Typical type

Brick Bldg

Aluminum W/
steel frame ;

Hardees Rest
Typical type

Arby's Roast
Beef
Typical type

ANALYSIS OF TYPICAL NON-STRUCTURAL FLOOD DAMAGE

REDUCTION MEASURES
Crabtree Creek, Raleigh

9 April 1976

Bldg
Mkt Design
Value = Flood Type of Results
in Ht Above | Non-structural |Cost enefits
$1,000 Floor Measurel in $1,000 Remarks
68.0 100yr-1-1" Flood Provof | 6.1 5.3
350.0 100yx-1.4" Flood Proof {67.5 28.2 Total L Bldg=
810" W/18 large
drive-in doors;
floor 5' above
ground
8.0 20yr-2.3' Move Bldg { 6.1 10.6
50yr-1.0" Flood Proof | 3.2 2.5
33.0 100yr-3.4' " Flood Proof {15.3 6.8
- 50yr-1.9" Flood Proof 7.1 3.4
20yr-0.3"' Flood Proof | 1.7 0.3
10  100yr-3.1' Flood Proof {15.3 1.3 Area = 3,500
sq, ft
50yr-1.6" Flood Proof j 6.7 0.4
60 100yr-4.6" Flood Proof | 25.1 11.5 Area = 2,700
sq ft
56yr-3.1" Flood Proof { 13.1 7.7
i
20yr-1.5" Flood Proof | 4.9 2.7
150 100yr-3.2"' Flood Proof {14.3 17.4
50 100yr-4.9" : Flood Proof | 21.4 29.3
50yr-3.4" - Flood Proof | 13.2 20.3
20yr-1.8" ?]24 Flood Proof 8.5 7.1




Bldg

Mkt Design
Commercial Value Flood Type of Results
Bldg Type- in ! Ht Above | Non-structural! Cost 2!Benefits
Construction | $1,000 Floor - Measure in $1,000 Remarks
Office Bldg 30 100yr 4.8’ Flood Proof 23.0 18.8 ] Area = 9,000
Aluminum W/ sq ft
steel frame )
QOyr 1.77 Flood Proof 11.5 7.4
Block W/brick 30 100yr 2.4° Flood Proof 21.2 3.9} Area = 5,500
facing . sq ft
Bldg has 5
businesses
operating
50yr 0.9° Flood Proof 6.6 1.3

1. All measures were carried 1.0 to 1.5 feet above design flood elevation.

2. Costs do not include operation and maintenance expenses.
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REVIEW OF THE BAYTOWN, TEXAS EVACUATION PLAN

By

Carl O. Foley!

INTRODUCTION

The Board of Engineers for Rivers and Habors was established by
an act of Congress in 1902 to provide an independent review of plan-
ning reports submitted by Corps of Engineers field offices. Although
the Board is a part of the Corps, it is outside the operational chain
of command and provides advice, views and recommendations to the
Chief of Engineers. A survey report for flood control at Baytown,
Texas was recently reviewed by the Board. The recommended
solution to the problem by the Galveston District Engineer, perma-
nent evacuation of the flood plain, is unique in many ways. The pur-
pose of this paper is to discuss the policy issues addressed by the
Board in their review.

The Recommended Plan

The city of Baytown, Texas is located 20 miles east of Houston.
The area is characterized by large petrochemical industrial complexes
as well as scenic residential development adjoining Galveston Bay
and its esturaries. The study area is one of these residential com-
munities adjoining Burnett, Crystal and Scott Bays. The homes are
subject to hurricane and tidal flooding. The problem is compounded
by a general land subsidence caused by extensive groundwater with-
drawals for agricultural, industrial, and municipal uses in the
Houston metropolitan area. The vulnerability of this area to flood-
ing increased significantly in recent years as the subsidence became
more pronounced. Several waterfront homes have been abandoned
with standing water on the first floor. The Galveston District

lProject Engineer, Board of Engineers for Rivers and Harbors, Fort
Belvoir, Virginia
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investigated a number of structural solutions but all lacked economic
justification. The only viable solution appeared to be permanent
evacuation of residential properties. The recommended plan of
improvement would evacuate 448 homes in the 50-year flood plain
with relocation assistance for the residents. The evacuated lands
would be used for recreation or other passive uses. The $17 million
plan would have a benefit-cost ratio of 1. 3 and there is no apparent
opposition by the people who would be affected.

National Flood Insurance Program

The impact of the National Flood Insurance Program was a factor
in the Board's deliberation of policy issues. A little history and
background on this program would be appropriate.

In 1972, the Water Resources Council published a report stating
that annual flood damages in the United States exceed $1 billion annual-
ly in spite of enormous private and Federal investments for flood pro-
tection. The Federal investment alone, since 1936, has exceeded
$7 billion, If these numbers are reasonably accurate, it would appear
that a different approach may be needed to solve the nation's flood
problems,

The National Flood Insurance Act of 1968 provided a different ap-
proach, subsidized flood insurance for people who live in flood plains.
The program was voluntary and very few people took advantage of it.
Only two home owners in Wilkes Barre, Pennsylvania, for example,
had flood insurance at the time of Hurricane Agnes in 1972, The
Flood Insurance Act was amended by the Flood Disaster Protection
Act of 1973, The Federal share of the insurance cost was increased
but there were strings attached to make flood insurance almost man-
datory. Flood plain occupants cannot qualify for any other Federal
financial assistance including most home mortgages unless they have
flood insurance and their community participates in the program.

To qualify for the program, the affected community must prevent
any new development in the flood plain that isn't protected against

at least the 100-year flood. In effect, the program would subsidize
existing flood plain development and prevent any future development
subject to significant flooding. When existing flood plain structures
deteriorate, they will not be replaced, and flood damages will gradu-
ally decline over time. In my opinion the flood insurance concept
is basically sound. There have been political repercussions due to
the mandatory overtones of the program and the adverse impacts on
the economy of many communities. There are problems and inequities
that will have to be worked out if the program is to be successful,
But it does appear to be a step in the right direction.
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Federal Interest

The recommended plan for Baytown was considered by the Board
of Engineers for Rivers and Harbors in January 1976. Federal in-
terest in this plan was discussed at some length. It was clear that
the plan would not have been economically justified without land sub-
sidence, a local phenomenon caused by a disregard for the conse-
quences of groundwater withdrawals over a long period of time. Is
there a Federal interest in solving this problem ? The Board con-
cluded that there was a Federal interest primarily because of the
National Flood Insurance Program. Future subsidies through this
program are expected to be greater than the market value of many
flood prone homes in the recommended plan. It's cheaper for the
Federal government to acquire these homes rather than continue to
pay flood insurance claims. Another important fact was the establish-
ment in 1975, of a Coastal Subsidence District, with authority to re-
strict groundwater withdrawals and control future subsidence.

The next question raised by the Board was more difficult to re-
solve., Why should the Corps of Engineers acquire these homes ?
HUD is responsible for the Flood Insurance Program. They would
appear to be the logical Federal agency to implement the plan.

Section 1362 of the Flood Insurance Act appears to provide this option.
However, this section of the act has never been funded. Even if it
were funded the wording would have to be changed in order to purchase
the homes at Baytown. Section 1362 provides that real property
covered by flood insurance may be purchased if damaged substantially
beyond repair by a flood. This has been interpreted to mean repairs
caused by a given flood which are at least 50% of the market value of
the structure. The homes at Baytown have not been subjected to
devastating damages from a single flood. Damages occur frequently
and the home owner, in two instances, has received cumulative pay-
ments over a five year period that exceed the market value of the
structure. The Board concluded that the Corps has a longstand-

ing responsibility for flood control and could implement the plan if
directed to do so by higher authority.

Flood Insurance Benefits

Average annual benefits were calculated by the conventional
flood damage reduction methodology. A parallel benefit analysis
was presented in the report using reduction in flood insurance costs
as a measure of the benefits. Since flood insurance costs are really
a measure of flood damages, the benefits should be approximately the
same by either method. However, the benefits shown in the report
for reduction in flood insurance costs were nearly double the bene-
fits calculated by the conventional method. Flood insurance costs
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were based on stage-damage relationships shown in a 1974 report by
the National Flood Insurers Association. Much of the data was based
on actual flood insurance claims processed from all parts of the
country. The damages experienced at Baytown are not at all repre-
sentative of the values shown in the Flood Insurers report. The stage-
damage data used to calculate benefits by the conventional method were
obtained during a recent damage survey and were clearly more reli-
able. The benefit analysis based on reduction in flood insurance costs
was disregarded by the Board. The methodology is sound but adequate
data that is site specific in not currently available,

Degree of Protection

Permanent evacuation of the 13. 5-year flood plain would maximize
net benefits. This includes 392 homes having a first floor elevation
at least 10 feet below the elevation of the standard project hurricane.
The recommended plan would extend evacuation to the 50-year flood
plain and to about 56 additional houses.

The district gave several reasons for selecting the 50-year plan.
Home owners located above the 50-year flood line were generally
opposed to evacuation. On the other hand, there appeared to be
near unanimous support from the people located below the 50-year
flood line. The recommended plan was economically justified even
though it did not maximize net benefits.

All flood plains described in the district report were based on
projected ground elevations. It was assumed that groundwater with-
drawals will be terminated in the next couple of years. However,
an additional two feet or so of land subsidence will occur due to gradual
consolidation of soil layers. Future subsidence will probably occur
in pockets, the entire flood plain will not sink at a uniform rate. There-
fore, the number of houses which will eventually end up in a given
flood plain can only be estimated at this time. The district's position
was that the optimum plan should be expanded to include all houses
where there is a strong probability that flood insurance subsidies will
be excessive. If the optimum plan, based on projected ground eleva«
tions, were implemented and it was determined at some future date
that 50 or so homes should be added to the project, study costs alone
would be almost as expensive as the value of the additional homes to
be acquired. In other words, lets make sure we solve the problem
once and for all,

The Board accepted this rationale for recommending the 50-year

plan. The final decision regarding where to "draw the line'" should
be delayed until post authorization studies are near completion.
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Topographic surveys at that time and the desires of the people affected,
on a block-by~block basis, will have to be carefully evaluated. Perma-
nent evacuation of all structures in the projected 50-year flood plain
would appear to be the best solution, based on present knowledge and
survey-scope level of detail.

Cost Sharing

Section 73 of the 1974 Water Resources Development Act appeared
to open the door for 20-80 cost sharing for so-called nonstructural
measures which would include the Baytown evacuation plan. However,
Section 80 of the same act calls for a restudy of the Principles and
Standards including a study of appropmate Federal and non-Federal
cost sharing for water resources projects. The Water Resources
Council members have agreed to defer specific cost sharing recom-
mendations for nonstructural measures until the Section 80 study re-
commendations have been formulated. As a result, Corps field
offices have been advised not to make specific cost sharing recom-
mendations for nonstructural plans. Survey reports can be processed,
on a selective basis, through the early stages of Washington-level re-
view while the Section 80 study is underway. When an Administration
policy for cost sharing has been formulated, an appropriate endorse-
ment can be added without changing the district's report.

The Baytown report recommended that non-Federal interests
share in the cost of the recommended plan in accordance with cost
sharing provisions being developed under Section 80 of the 1974 Act.
The Board made a similiar recommendation in their report. They
concluded that since the Administration has not yet developed a cost
sharing policy for nonstructural measures, this issue would have to
be deferred, and perhaps covered in the report of the Chief of
Engineers.

Conclusion

Evacuation plans as a solution to flood problems will never be
a major program by the Corps of Engineers. Very few areas of
the country are susceptible to average annual damages large enough
to ecomonically justify this solution. The problems at Baytown are
unique and so is the recommended plan. The report still has to pass
through several levels of review in Washington. It will be an interest-
ing case to follow.
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ANALYSIS OF RELATIONSHIP OF FEDERAI FLOOD INSURANCE
WITH EVACUATION PLAN FOR BURNETT, CRYSTAL,
AND SCOTT BAYS AND VICINITY, BAYTOWN, TEXAS

By
Frank G. Incaprera -

INTRODUCTION

A feasibility report was prepared and submitted by the Galveston
District on flood control plans for a portion of Baytown, Texas. The
unique problem in the study area is that 5 feet of land subsidence has
occurred over the past 30 years and the subsidence is expected to con-—
tinue. The residential developments adjacent to the bays are becoming
vulnerable to inundation more frequently. The type of levee systems
that could protect the area is costly and the structural plans consi-
dered have been estimated to be economically unfeasible. Almost all of
the properties located in the study area are covered by the flood in-
surance program, which is administered and subsidized by the Flood
Insurance Administration which is a Federal agency in the U. S. Depart-—
ment of Housing and Urban Development. Claims have been paid almost on
an annual basis ever since the insurance program was initiated. The
future subsidies paid through the flood insurance program are expected
to be greater than the market value of the homes located in the study
area. The removal of these payments of claims is considered to be in
the Federal interest because the largest share of the payments are
funded through the subsidy program sponsored by the Flood Insurance Ad-
ministration. The homes are demolished in the proposed evacuation plans;
thereby the claims for repairing inundation damages are removed and the
payments of claims are no longer required. The evacuation plan provides
a least-cost method for reducing government expenditures. The purpose
of this paper is to show the relationship of the Federal subsidy in the
Federal Flood Insurance program with the evacuation plans.

The analysis of the relationship of the Federal flood insurance

program with the nonstructural evacuation plans presented in the

Civil engineer and economist, Economic and Social Analysis Section,
Galveston, District.
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feasibility report on the Baytown study was made in three phases. The
initial phase was made to determine the cost of the flood insurance
plan. The second phase covers the comparative costs for providing the
flood insurance program or evacuating the flood plain. The third phase

provides the conclusions that can be drawn from this examination.

COST OF FLOOD INSURANCE PLAN

The costs for flood insurance were determined for properties located
in the study area and for properties located in the several flood plains
used for delimiting the areas included in the various evacuation plans.
The costs for implementing the flood insurance program as administered
by the Flood Insurance Administration (FIA) are based on the Federal sub-
sidies which are determined from actuarial rates, premiums paid by the
public, and costs for operating the flood insurance program. Separate
analyses were made for structural properties and contents and are shown
on tables 1 and 2, respectively. The actuarial rates used in the analyses
are taken from the "Flood Insurance Manual," which was prepared by the
National Flood Insurance Association, 160 Water Street, New York, New York
10038, dated July 1974. The rates wused in the cost analysis for structur-
al properties (residential) are in FIA Elevation Rate Table IIT, Section A,
on page R10 and the rates used in the cost analysis for contents are in
FIA Elevation Rate Table III, Section C, on page R18. The actuarial
rates in the Flood Insurance Manual are based on aggregations of average
annual damage estimates prepared for many regions of the country. The
premium rate used in table 1 for the private sector cost for structural
property is $0.25/$100 of structure value, and the premium rate used in
table 2 for the private sector cost for contents is $0.35/$100 of contents
value. These rates were adapted from rate table 1 on page R-3 of the
Flood Insurance Manual. According to FIA reports, sixty percent of the
premiums collected go to the trust fund for claim payments and forty per-

cent is used for operational costs of insurance firms. An average value
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of $17,000 was used in the insurance cost analysis for the unit value of
all structures and an average value of $8,500 was used in the insurance
cost analysis for the unit value of all contents, regardless of location.
The average annual Federal cost for administering the flood insurance
segment of FIA's total mission was estimated by dividing one-~fourth of
the annual appropriation ($20,000,000) by the number of policies in force
in 1974 (385,000). The average annual cost for administering each insur-
ance policy was thus estimated at $13. This value is used in the cost
analysis for structures only and is not duplicated in the cost analysis
for contents. A summary of the insurance costs for structural properties
and contents for houses located at the various elevations in the study area
is shown in table 3.

Homeowners' Deductible.- The flood insurance policy requires the

homeowner be responsible for the first $200 of claimed damages or for
damages that equal 2 percent of the total property value, whichever is

the least. The actuarial values are developed on an average annual basis
and the deductible is based on a single-incident occurence; the two val-
ues are not comparable. To separate the private cost of the deductible
from the actuarial values, it would be necessary to restructure the stage-
damage relationships used in making the actuarial rates and reevaluate the
actuarial rates. To evaluate the potential net effect of the deductible,
a sample check was made of a structure located 11 feet below the 100~year
flood plain elevation. A structure at this elevation is typical of about
50 percent of the structures in the study area. Assuming $200 deductible,
it was determined that the distribution of cost, based on the revised
actuarial rate, would be 4 percent for the private share and 96 percent
for the Federal share. This check indicates that the net effect of in-
cluding the deductible, as opposed to excluding the deductible in the
analysis of the flood insurance costs, amounts to revising the distribu-
tion of the private and Federal costs of the flood insruance program

from 2 percent and 98 percent, respectively. Accordingly, since the over-

all cost of the flood insurance program is not changed, the analysis
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ignores the deductible in the interest of simplicity of comparison
COMPARATIVE COSTS FOR FLOOD INSURANCE AND EVACUATION

An aggregated summary of the private, Federal, and total costs, for
implementing the flood insurance for structure and contents in the study
area is shown in table 3. The total cost of implementing the flood
insurance program for properties located within the areas of each evacua-
tion plan was determined by summarizing the total annual costs for the
structures located at every elevation below the design elevation, as
shown in table 4. Comparisons of these costs with the costs for imple~
menting the evacuation plans proposed in the feasibility report will
show that the insurance program is more costly than the implementation

of any of the evacuation plans. The comparisons are shown below:

Evacuation plan

Annual cost Annual cost
Elevation for insurance for evacuation

Design (feet, MSL) program plans
SPH 19.0 $3,124,200 $1,813,000
100-yr 17.0 3,109,800 1,458,000
50-yr 15.5 3,098,300 1,261,000
25-yr 13.5 3,094,100 1,200,000
13.5-yr 10.0 3,082,200 1,098,000

Flood Insurance Cost for Property Excluded from Evacuation Plans: The

recommended plan in the subject report was selected from an array of
alternatives which included various levels of evacuation ranging from the
13.5-year flood plain to the Standard Project Hurricane flood plain.

Using conventional methods, the costs and benefits associated with each al-
ternative were evaluated and the net benefits computed. In comparing alter-
natives, only those costs associated with evacuation and relocation were
considered. The principal annual costs related to the Federally-subsidized
flood insurance program for areas located above the proposed designs were

extracted from the attached table 3, and are estimated as follows:
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Design for Annual insurance cost

evacuation for area located above
___plan the proposed designs
13.5-year $42,000
25 -~year 30,100
50 -year 25,900
100 -vyear 14,400
SPH 0

The Federal portion of the flood insurance costs shown above are esti-
mated at $20,400, $11,100, $8,400, $3,500 and zero dollars, respectively.
When considering the provision of the insurance program for the proper-
ties located above the elevations for the various evacuation plans as
being complementary to the various evacuation plan, the percentage in-
crease for adding the insurance costs to the cost of the evacuation plans
is small. For example, the incremental costs for providing insurance
for the properties above the elevation of the recommended plan for the
50-year design as compared to the cost for evacuation is only two per-
cent ($25,900/$1,458,000). In view of the relatively small value of

the incremental insurance cost for properties located above the eleva-
tion to be evacuated, the effect of including this cost in the overall
benefit-cost evaluation presented in the feasibility report would be
negligible.

Residual Damages for Evacuation Plans: The cost of the insurance

program is reflected in the benefit analysis by the residual damages
associated with each evacuation alternative. The residual damages for
the various evacuation plans can be determined from the reduction of
flood damage estimates shown in table D-12, page D-17 of Appendix 1 of
the feasibility report, by subtracting the values for the reduction of
flood damages for the lesser design from the SPH design. The estimates

of the residual damages for the evacuation plans are as follows:
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Design for Estimate of

evacuation residual
__plan _damages
13.5-year $24,000
25 -year 12,000
50 -year 3,000
100 -year 800%
SPH 0

*The value for residual damages for the 100-year plan were taken
from working papers; the $800 value does not appear in table D-12

because of rounding numbers in the report to the nearest $1000.
Comparison of the residual damages with the cost of the flood insurance
program for properties located outside the various evacuation plans,
which are shown in paragraph 4, reveals that the cost of the insurance
progarm is higher. This is due to the administrative costs for conduct-—
ing the insurance program and to FIA's use of aggregated regional stage-
damage data instead of local stage-damage data in developing the actuarial
rates.

Total Federal Cost: It may be considered that the total Federal cost

is the combination of the Federal evacuation cost of the recommended
evacuation plan prepared by the Corps of Engineers and the cost of the
Federal subsidy for the flood insurance program which is administered
by FIA for properties located between the limits of the area within the
SPH flood plain and the evacuated area. For example, the total Federal
annual cost for the recommended 50-year design would be $1,026,200,

which is estimated as follows:

Federal annual cost for 50-year evacuation plan:

$16,980,000 X .80 x .07364 = $1,000, 300
(Total 1st cost) (Fed share) (I&A factor)
Total Federal annual cost for flood insurance
for properties located outside the evacuated
area (paragraph 5) = 25,900
Total Federal annual cost $1,026,200
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CONCLUSION

The above methodology describes the distributions of costs for
implementing the flood insurance program. The analysis is based on
using the actuarial rates in the Flood Insurance Manual. The bene-
fits for the evacuation of property below the 50-year flood plain
based on the reduction of flood insurance costs as shown in the sur-
vey report are estimated at $2,350,000 and the benefits for the re-
duction of flood damages are estimated at $1,094,000. The reason
for the imbalance is that the unit average annual damages used to con-
struct the actuarial rates are based on input from various regions
of the country while the average annual damages used in the reduction
of damages analysis are specifically for the study area. The FIA is
planning to publish a manual soon with actuarial rates based on his-
torical data on flood damage settlements, a process similarly used
for wind and fire insurance; the average annual damages concept is
being abandoned. Regardless of what method is used to develop the
actuarial rates, the annual costs to FIA, based on a long-term analy-
sis, should approach the average annual damages normally evaluated in
survey projects, plus operations costs. The net cost to the national
account when evaluating in terms of the cost of the flood insurance
program can be determined by adding the cost of $0.10/3$100 of structural
value and $0.14/$100 of personal property value, to represent the insur—
ance company's operating cost, and adding $13 per structure for FIA
overhead, to the average annual damages evaluated for the property
being evaluated. That portion of the insurance premium that is ded-
icated to the funds for paying claims is not included, primarily to
avoid duplicating the claim costs already represented in the average

annual damages.
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TABLE 3
SUMMARY OF FLOOD INSURANCE COSTS

STRUCTURES AND CONTENTS
(BURNETT, CRYSTAL AND SCOTT BAYS AND VICINITY, BAYTOWN, TEXAS)

Elevation Elev. above & No of No of

(feet ,MSL) below 100-yr houses houses Total annual costs
flood plain (aggre- incre-
(feet) gate) mental) Private Fed Total

i +2 690 150 $10,900 $ 3,500 $ 14,400
17 0(100-yr) 540 84 6,100 4,200 10,300
16 -1 456 8 500 700 1,200
15 =2 448 20 1,500 2,700 4,200
13 -4 428 36 2,600 9,300 11,900
10 -7 392 1 (73) 600 600
9 -8 391 11 800 7,200 8,000
8 -9 380 13 1,000 10,600 11,600
7 ~10 367 11 800 11,300 12,1060
6 =11 356 22

5 ~12 334 3

4 ~-13 331 58

3 ~14 273 273 25,700 3,024,200 3,049,900

$49,900 $3,074,300 $3,124,200
¥ ¥
2% (987 of /
total costs)—

1/ $3,074,300 & $3,124,200

141



25 Feb 75
FGI
SWGED-PE

TABLE 4

AVERAGE ANNUAL INSURANCE COSTS FOR PROPERTIES LOCATED
WITHIN AREAS OF VARIOUS EVACUATION PLANS

Evacuation plan

(designvelevation) Private cost Federal cost Total cost
100-yr $39,000 $3,070,800 $3,109,800
50-yr 32,400 3,065,900 3,098,300
25-yr 30,900 3,063,200 3,094,100
13.5-yr 28,300 3,053,900 3,082,200

142



INDIAN BEND WASH GREENBELT
A CITY OF SCOTTSDALE, ARIZONA ACHIEVEMENT

BY
CHARLES RUIZ, PE !

INTRODUCTION

A project for flood protection on Indian Bend Wash, Maricopa
County, Arizona, was authorized by the Flood Control Act of 1965.
The authorized plan of improvement provided for the construction of
a concrete-lined channel about seven miles long, starting at the
Arizona Canal and extending southward to the Salt River. The rights-
of-way for the channel section would have ranged in width from 170
to 180 feet.

The Los Angeles District reformulated and developed a modified
plan of improvement (Plate 1) that was recommended and approved in
the General Design Memorandum - Phase I, dated October 1973. The
recommended combination structural-non-structural plan includes the
confining of Indian Bend Wash flows into a seven-mile long floodway,
480 to 1,100 feet wide, from the Arizona Canal to the Salt River.
The Corps' participation is limited to the construction of the inlet
and the outlet channel portions of the floodway. Also, recommended
is Federal participation in recreational development. No Federal
participation in the construction of flood control features is
recommended within the greenbelt floodway between the inlet and outlet
channels. It is this 1,227-acre greenbelt floodway reach that is
being managed by the City of Scottsdale.

Purpose

The purpose of this paper is to briefly examine the City of Scottsdale's
past actions in the development of the highly acclaimed and nationally
publicized greenbelt floodway. By examining these past actions, key
factors are identified, which have aided the City in achieving a viable
hon-structural flood control measure. Two associated problems are also
presented.

! Civil Engineer, FPMS, Planning Division, South Pacific Division
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The City of Scottsdale's enthusiasm, total commitment and agressive
leadership are the primary reasons why the dynamic greenbelt floodway
program is a success. This success can be judged by the casual observer.
A drive along the greenbelt will reveal the day and night attraction
for the recreational facilities, the land value enhancement inherent
in the adjacent properties, the new resident fish and waterfowl, the
adjacent private developments incorporating this same greenbelt concept,
and the integrity of the City, where the adjacent greenbelt boundaries
are accessible from both sides.

Significant Events

Between 1965 and 1967, three significant events took place that
prompted the City to explore non-structural solutions for the frequent
flooding problem. These were:

1965 Maricopa County Bond Issue Defeat - The revenue from this
bond was to provide the means to accomplish the local cooperation
requirements specified by the Flood Control Act of 1965, authorizing
the project for flood protection along Indian Bend Wash. The authorized
project was a seven-mile long concrete channel. The voters of Scottsdale
overwhelmingly voted against the Bond Issue and contributed to its County-
wide defeat. The voters were against concrete channelization.

E1 Dorado Park 1966 Development - The City with the assistance of
the Bureau of Outdoor Recreation developed a 55-acre park in the flood
plain area. The success of this development demonstrated that recreation
uses of flood hazard lands was a viable community goal.

City Permit Denial Overturned - The City came to the realization
that a flood plain ordinance was needed in order to legally control
encroachments. A mobile home development was permitted to be located in
the flood plain, despite City efforts to argue for its denial.

Actions Taken By The City

With the above turn of events, the City embraced the greenbelt
floodway concept and undertook the following actions:

1967 Feasibility Report - The City contracted Water Resources
Associates, Inc., a consultant, for a flood control feasibility report
that found the greenbelt floodway feasible and that provided the basic
plan the City is pursuing today.
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1968 Flood Plain Ordinance - The City adopted a strict flood
plain ordinance which has since been strengthened in the 1974 Amendment.
This ordinance provides the legal means for enforcement and management
and does not allow for development to increase the future 100-year flood
water surface elevation (30,000 c.f.s.). The City regards the provision,
where the responsibility to comply is shifted to the developer, as
important. The City considers this ordinance as the fastest means
by which a floodway can be achieved.

Community Support - The City staff went into the community
and conducted discussions on alternative flood plain management measures.
The City formed "Forum Committees" to insure public participation. The
City found the public supportive of the greenbelt floodway concept.

Nature interrupted the City's actions with a storm and flood in
June of 1972. The measured discharge was 20,000 c.f.s. at Indian Bend
Road on Indian Bend Wash. This flood was significant because the
magnitude approached the present 100-year discharge of 27,000 c.f.s.
The City found that bridges were an essential item to be added to the
greenbelt floodway plan because the dip-crossings under flood conditions
prevented access of emergency services vehicles.

1973 Scottsdale Bond Issue - The voters then passed a $10 million
bond issue by a 7 to 1 margin. The City was uncertain that Federal
funding would be made available and therefore the City was prepared
to pursue the greenbelt floodway development on its own.

: 1973 Evacuation - With HUD urban renewal funds the City evacuated
50 families who were located on 60 acres within the flood plain and were
relocated intact to an adjacent site overlooking the greenbelt floodway .

The arduous task of aquiring the necessary rights-of-ways has been
an ongoing City chore. The City has used condemations, easements,
dedications and outright purchases in rights-of-way negotiations. The
most satisfactory and successful means has been the negotiations between
the City and large property owners where the City acquires a dedication
while the owners are given an open space-high density zone. This trade-off
has both benefited the City and the property owner.

Problems Encountered

A significant problem that confronts the City today involves the
requirements of the Uniform Relocation Assistance and Real Property
Aquisition Policy Act of 1970. Under this Act, the owner of real property,
before initiation of negotiations, will be provided with a statement of,
and summary of, the basis on the amount the Federal agency has established
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as just compensation. This provision seriously constrains the City's
ability to negotiate with owners of large parcels because the just
compensation amount would be more costly to the City than the “"horse
trading" method of negotiation.

Minor problems involve misunderstandings by different groups in
implementing the plan. For instance, the recreation staff is pursuing
good recreation practices but not necessarily considering hydraulic
functional impacts. Also, the legal interpretation of the flood plain
ordinance is not understood by hydraulic engineers as to its adequacy
or permanence.

Summary of Key Factors

Scottsdale's experience has indicated that the following key factors
have contributed to the greenbelt floodway program's success:

1. Strong community support.
2. Adopting of a strict flood plain ordinance.
AbiTity to negotiate directly with owners of large parcels.

Use of funds from various sources, i.e., HUD, BOR, etc.

o B W

Awareness of interdisciplinary misunderstandings.

_The author wishes to thank Mr. Len Erie, Capital Improvement
Engineer, City of Scottsdale, for his frankness in discussing the
City experiences.

146



P B e
uma 5T On I Lot [re———
" i, T T ) TAceMY
. L 30, [ L e T, e ]
) 48 Gy i (] T
LNINIAOHDNI 40 CL ]
NYWd GIANINNOOIY mEX
M W
HEBWA ON3E NVIONI
JROLIWY WiSvE uany_ vhe Ll "Eaied R e T - o vy v
o 10 i T o T 0 T T B ey T
reoey .y 3
lﬁ.; wamwie 0 o ot i
L1 Fi4l4 MSOKS S0MIN GV WD TEIONE We
o T ] T AN L 5 e O S T o s
1 1 1 STV TN D WAk L IAIW VIR W 40 WA
T L [ YU ik 134 100 e e e T
D 0114100 T 4D RAOY O el W01 0 A -
e Wiomive me
10 T 3aL o DT 0 HAIDS L VO S I ) A
1t a’g_’-zu._-ui!eggs.u
ﬁl BON04 SY FY i) UOTY M EMVIIOD TEEALNRA TOMAO? SN
dVN A8 Q3W3A0) VNV n.x.
VWY IOVNIVNG NIAIY YD J0 AUYONNOS
..... o e T
B ]
dVAN_ALINIOIA

147

o
g’ .V
V3IUY JOVNIYHQ HSYM ONIA NYIONI 30 ABVONNOR N

s ¥%.) = x g
THIG - TRewE WivA / e O »
IV ROI1O35 WAL H NE [ zr:._x,uqn._wxqo
] Al — — *
i — e e == R S E—
: dVW NISv8 — IIIM.II P~ E

TR \.\/_ /. !
. )

r T ¥, mcmu Ny
|

® \1 ).. — :
% B ) _
i Ty w ﬂ




ANALYTICAL TOOLS IN PLANNING NONSTRUCTURAL FLOOD CONTROL MEASURES

By

Darryl W. Davis !

Introduction

The recent focus upon planning nonstructural flood control measures
by federal, state, and local agencies has been brought about both by a
greater awareness of the broader opportunities available for managing
flood losses and an increasing reluctance to always resort to large scale
physical construction to solve flood problems. Thus far there has been
little Targe scale implementation of nonstructural measures and only a
few nonstructural adjustments by individual property owners.

The planning task is to formulate measures that can be implemented
both for existing development and also that can manage future development
so that it will be compatible with the flood hazard. The implementation
of nonstructural measures will generally be at the community level and in
a setting where the solutions will require tailoring a mix of measures to
individual site characteristics. This is so because nonstructural measures
are somewhat unique in that their means for reducing flood losses are
quite site and structure specific. It is quite likely that there will be
situations in which only a part of a set of adjacent structures will be
amenable to protection by a particular measure or group of measures. In
a different setting, planning for future development in the flood plain
would comprise identifying bonafide uses of the flood plain Tand and
formulation of perhaps more generally applicable classes of measures
that would provide development control and protection.

Planning nonstructural measures will therefore involve land use
analysis and detailed scale analysis of structures in a site specific
community setting in which many, and in some instances all, aspects of
plans must be implemented at the local, community level. 1In such a
setting the relationship between the nature of the individual measures,
their implementability and equity among property owners as viewed at
the community level will be quite important. The somewhat unique planning
needs and implementation setting has implications related to the appro-
priate analytical tools needed to perform the formulation and analysis.

Chief, Planning Analysis Branch
The Hydrologic Engineering Center, May 1976
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This paper will overview the general planning setting and planning
tasks related to nonstructural flood control measures with the specific
objective of identifying needed analytical tools. The presently avail-
able tools that were designed specifically to facilitate planning non-
structural measures or that are serving other needs but could be useful
will be described. The gap between the available technology and what
appears to be needed to perform systematic formulation of nonstructural
measures will then be described.

Nonstructural Measures

The types of measures that are of interest are loosely categorized
by James (1) * as 1) measures that can be undertaken for a specific
flood event (emergency measures), 2) measures that modify the suscep-
tibility of existing flood plain structures to damage and 3) measures
that manage future development in terms of location and damage suscep-
tibility to minimize flood damage.

Emergency Measures (during a flood event): These measures include
emergency evacuation, flood fighting such as by sand bagging, and
emergency relief services and facility repair. These measures at times
have been grouped and referred to as comprising elements of preparedness
plans. The measures are compatible with other measures and are, in
effect, a last resort serving primarily to save lives and prevent
flooding from occurring when facilities are near their design limits of
performance. The effectiveness of these measures relies heavily upon
flood forecasting, upon prior organization and training at the community
level, and upon property owner initiative. The information needs for
formulation and evaluation of these measures include 1) the flood hazard
and stream response characteristics (to assess forecasting possibilities),
2) infrastructure data on public utilities, services, transportation, etc.,
3) institutional structures and capabilities for managing information
dissemination and organizing and supervising work crews, 4) social
information related to property owner perceptions of flood hazard and
propensity to undertake individual action and 5) the effectiveness of
each of the individual measures in terms of their performance during
specific flood situations.

Modify Existing Structure Susceptibility to Damage: This cateqory
includes the nonstructural measures of flood proofing and permanent
flood plain evacuation/relocation. Flood proofing refers to both the
protection of the structure by excluding water, such as could be ac-
complished by barriers and ring levees or by raising the structures,
and also accommodation of flood waters by adjustments of use within
a structure, such as using lower floors for less damage susceptible
activities. The measures in this general category are considered to

* References are contained in the Appendix References
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be permanent solutions to a flood problem in that their implementation
would modify for an extended period into the future the damage suscep-
tibility of the property.

The information needs for formulation and evaluation of these
measures include 1) quantitative definition of the flood hazard
(current and potential future) in a site specific sense, 2) cost
and performance (damage prevention characteristics) of individual
measures, 3) the spatial location of the individual measures and
4) community institutional and social data necessary to design an
implementation strategy. The particularly difficult aspect of
planning for these measures is that a site-specific design for
virtually all existing structures in each particular flood hazard
condition is needed.

Management of Future Development: Management of future development
mitigates flood losses by causing activities to locate in concert with
the flood hazard, and for those activities that do locate in the flood
plain, to require adjustments in their location, facility arrangements,
and materials such that flood damages will be minimized. The measures
within this group include the spectrum of administrative and legal actions
that would encourage locational decisions to be made based on due cog-
nizance of flood risks, and the development and enforcement of building
standards.

The specific mechanisms available for managing future development
include such means as technical flood hazard information dissemination
programs, incentive measures such as tax structures penalizing flood
plain occupancy, disaster and financial relief sanctions (such as with
the National Flood Insurance Program), and exercise of police power for
the public good such as by restrictive zoning.

The information needs for formulation of measures in this category
include 1) flood hazard under existing conditions and any condition
that may affect flood hazard within the flood plain in the future, 2)
cost and performance of management measures in terms of the potential
effectiveness in causing desired locational decisions and facility
adjustments, 3) the degree to which alternative incentives and sanc-
tions may be accepted locally and 4) the institutional data needed to
design an implementation strategy to accomplish the program objectives.

Planning and Analytical Tools

The planning tasks associated with nonstructural measures for a
flood plain or a specific portion of a flood plain are to:

1. [Identify the candidate nonstructural flood control measures.
This will be dependent upon the characteristics of the
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flood hazard at each specific flood plain location and the
performance characteristics of the individual measures, both
for existing (developed) conditions and future (undeveloped)
conditions.

2. Formulate solutions for the specific site and flood hazard.
This may include design of the appropriate type of flood
proofing measure (such as opening closures, sealing of
basements, elevating of structures,facility removal, etc.).

3. Determine the size and mix of individual measures necessary
to assemble candidate measures into alternative flood man-
agement solutions for the flood plain. This requires adapting
the individual measures to those particular flood plain
locations and characteristics that emphasize their strengths.

4, Assess the value and impacts of the alternative solutions by
traditional economic and environmental impact analysis and
flood control benefit studies.

5. Design an appropriate implementation strategy. v

The appropriate role of analytical tools in formulation of
nonstructural flood plain management plans is to first develop infor-
mation that would not otherwise be available to permit assessment of
the characteristics and performance of individual measures and then
to manage all information that may be available, or may be developed,
in such a way that it can provide timely input to the planning process.
Based on the discussion in the general overview of the nonstructural
measures and associated information needs and the requirements of the
planning tasks that were outlined, the following categories have been
identified so that the analytical tools needs could be systematically
discussed.

1. Flood Hazard Assessment - the usual hydrologic/hydraulic
technical analysis required to describe the elevation and
spatial delineation of flood hazard.

1/ In early phases of planning studies, it may be satisfactory
to merely suggest or identify the responsibility for implemen-
tation once a set of measures are found feasible and attractive,
but at more definitive stages when sanctions and approvals are
required, it will be undoubtedly necessary to more precisely
define the feasibility in terms of designing specific mechanisms
that must be undertaken to cause the measures to come into being.
The design of implementation strategies is strongly linked to
institutional and social analyses.
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2. Economic Assessment - includes the damage potential characteristics
of structures, costs and benefit performance of individual measures
and locational analyses as required for development of information
related to future development.

3. Environmental Assessment - impacts in the traditional fashion.

Plan Formulation - selecting from among individual measures
those to be mixed into a system.

5. Data Management - to integrate information development and
~ decision criteria.

6. Social/Institutional Analyses.
In order to restrict the subject matter, the following discussion will
focus on the analytic:tool needs unique to planning nonstructural measures

and generally will not elaborate on those needed for planning other flood
control measures when common to the needs of nonstructural measure planning.

Flood Hazard Assessment

Flood hazard can be characterized by the elevation and spatial area
delineation of specific exceedance interval flood events. The traditional
analytical tools that are used to develop this information are available
within The Hydrologic Engineering Center's (2) family of generalized com-
puter programs. Although the general hydrologic analysis capability
required for planning nonstructural measures exists, there continues to
be a significant struggle by hydrologists in the development of flood
hazard information in the smaller watersheds for site-specific physical
characteristics for which observed runoff data needed for model calibration
is unavailable.

There are two aspects related to future flood hazard that are of
interest in nonstructural measure planning.

@ Modifications in the runoff characteristics of off flood
plain areas, such as may be caused by increased urban
development or modification of surface water management
systems either onsite or within the watershed area.

® Modification of the flood plain response and conveyance
characteristics as affected by development and management
works within the flood plain itself, such as large scale
placement of fill.

Determining the increased runoff due to urban development of the
watershed is a difficult problem and is not particularly unique to non-
structural measure planning. The literature, particularly that prepared
by persons outside the hydrologic analysis field, contains such diverse
opinions as--there is no significant hydrologic effect of future urban
development to the belief that small changes in development will cause
a ten to twenty fold increase in flood flows.
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The general feeling by many hydrologists and others who have studied
the technical aspects is that increased urban development will of course
cause an increase in the volume of runoff and in most instances an increase
in the rate of runoff as well. However, increase in flows for the more
rare events, in the 100-year and above range is proportionately less (say
less than 20% increase) than for the less rare, two-to-five year exceed-
ance interval events (say up to 300% increase). It should be emphasized,
however, that any change in the magnitude of the less rare events can
have substantial effects on the design and value of nonstructural measures

for existing development.

The technical capability to assess the change in conveyance of streams
caused by flood plain development is well developed and routinely applied
in encroachment studies needed to define flood ways. The change in the
hydrologic response (rate of stream flow) that can be caused by flood plain
development that reduces the valley storage by occupying flood plain space
is not so well developed. The physical process acting is well understood
but the techniques for determining the magnitude of change are not yet ac-
cepted as proven. There must usually be a major change in flood plain
storage (say from many miles of major encroachment) before the change in
stream response will be significant. While this may not be of great con-
cern in the study of a specific stream reach, the cumulative effect for
many reaches and streams in urban watersheds may be quite significant.

The performance of systematic flood hazard assessments of alternative
future watershed land use and within flood plain development would be
greatly assisted by large scale data management techniques for interfacing
with the analytical tools. The techniques developed for the Phase I
Oconee Basin Pilot FPI Study as described in (3) are an initial step in
the right direction. The Oconee techniques make use of gridded geographic
data files from which utility computer programs extract data and format
it for subsequent use by traditional hydrologic analysis tools.

The technology development for flood hazard determinations that
would be particularly useful in planning nonstructural measures are,
therefore:

@ Techniques for flood hazard analysis in small urban
drainages for site-specific drainage topology.
e Improved techniques for assessing effects of changes

in flood plain storage caused by encroachments (non-
structural measures within the flood plain).

¢ Improved methods for urban hydrologic analysis (common
to many study needs such as urban studies, flood control,

storm drainage, etc.).
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® Expanded data management techniques for interfacing data
banks with analysis tools and for interpreting and dis-
playing output.

Economic Assessment

The information needs and analytical tools for economic assessments
will be divided into analysis of damage potential (existing and future)
and location analysis for future developments.

Damage Analysis: Information is needed to determine the potential
flood damages for existing development for the with and without non-
structural measures conditions. This is within the scope of traditional
flood damage frequency analysis and in a general sense, is exactly the
same type information as is normally developed in flood control studies.
However, it is required at a quite different scale and for a different
context of analysis conditions. In traditional analysis, one could
collect field data, aggregate the information to particular index
locations, and process the information a few times (relatively speaking)
to determine the performance characteristics of structural measures
that generally modified the flood hydrology extensively over a very
large regional area. In contrast, nonstructural measures that are
seeking to reduce structure damage are site specific on virtually a
structure by structure basis. Even though it is unlikely that a non-
structural flood control measure program would select from among
specific houses in a community only those that would be economically
and otherwise attractive for management, it is necessary to analyze
each structure so that a reasonably accurate assessment of overall
performance is possible.

The damage analysis requirements for nonstructural flood control
measure planning for existing conditions, (in the context of ER 1105-
2-351 "Evaluation of Beneficial Contributions to National Economic
Development for Flood Plain Management Plans") can be summarized as:

a) catalog all existing development within the flood plain on a structure
and site-specific basis, b) compute expected annual damages and c)
compute residual annual damages with nonstructural measures on a
structure by structure site-specific basis.

The damage analysis for development that may locate within the
flood plain under future conditions would be similar to that required
under existing conditions with some important differences. The specific
Tocation and character of future structures will be unknown thus
requiring a more general analysis, such as conversion of "types" of
development, e.g., commercial, residential,eté.,to damage potential.
Also, the policy associated with development controls (such as a policy
requiring flood proofing to the 100-year flood level plus one foot)
will be an unknown and thus must be flexibly accommodated within the
analysis.

154



The economic damage analysis that seems appropriate for nonstructural
flood control measure planning is therefore that required to manage data
computations on a detailed individual structure and location basis so that
information could be provided that is needed to design and assess the per-
formance of specific measures. In effect, traditional analysis technology
with strong data management characteristics and flexible computational
capabilities is needed.

Available analytical tools include those that have been traditionally
used for flood damage frequency analysis. They could be applied in normal
fashion except on an individual structure by structure level of analysis.
An analysis that would traditionally aggregate a particular reach that
may include 500 structures to one index location for computations might
have to include every individual structure as an index location for
individualized computations. Tools of this nature that are presently
available include the Los Angeles Econ program (4) that permits compu-
tations of damages for present and future conditions and planning period
equivalent by use of the "zone" representation of the flood plain , and
the HEC Average Annual Damage program (5) that performs traditional index
location flood damage integration for a specific condition . A number of
Corps Districts have similar such flood damage analysis computational tools.

Although it is feasible to apply existing tools on this basis, there
are certainly more efficient ways of processing large amounts of structure
by structure data in a systematic analysis framework. There is presently
under development at The Hydrologic Engineering Center, in cooperation
with the Institute for Water Resources, a conceptually traditional flood
damage frequency analysis tool that will have a strong data management
link. The program will allow computation of all aspects of the inundation
reduction requirements of ER 1105-2-351 and serve as a data manager for
other damage calculation programs and other analysis needs.

The important issue of management of land use data for damage
assessments was addressed in the Oconee Pilot study (2). The Oconee
technique makes use of a gridded land use and topography data file to
compute the damage susceptibility of individual parcels of the flood
plain at a scale that may be as small as an acre. The damage suscep-
tibility is aggregated to index locations by computer manipulation.
Expected annual damage calculations are then performed. This technique
seems to have great potential for rapid damage analysis of future land
use patterns and alternative development control policies.

In summary, the damage information requirements for nonstructural
measure planning can be developed using traditional analysis tools.
There is a need to adapt and refine those analysis methodologies to
jmprove their data management aspects and their capacity for systemat-
ically processing large amounts of data, including analysis of future
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land use and development control policy. The comprehensive inundation
reduction computer program under development at HEC, and expansion of
the damage assessment technique developed for the Oconee Pilot study
can contribute substantially to alleviating the deficiency in damage
computation analytical capability.

Location Analysis for Future Development: There is a need to
understand and assess the economic forces driving location decisions
within the flood plain so that specific measures to accomplish an
objective, such as control of future damage potential, can be formulated
and the performance evaluated. Specifically, there is a need to a)
generally assess the economic aspects of locational decisions, b)
quantify the magnitude of the economic forces driving location decisions
within the flood plain, c) identify the components of the economic
system that can be manipulated to encourage the desired location
decisions to be made, and d) provide information to quantify costs
and benefits.

There are presently a few comprehensive analytic tools designed
to perform some type of locational analysis. Probably the best known
to the Corps is the INTASA Flood Plain Simulator (6). The function
of the Simulator is to allocate future land use by time periods to
flood plain Tocations, given that the ultimate distribution of land
use within the flood plain is known, and perform detailed benefit
analysis of a flood control plan, such as the evaluation of a flood
control reservoir. The allocation of land use and subsequent benefit
computations are based on economic rent concepts computed as site
development and transportation costs less damages. The program is
large, complex, controversial and, as would be expected for a complex
economic model, requires significant amounts of data. Other more
recently developed analysis tool that seek to solve the larger
problem of performing the location analysis and selecting appropriate
measures are represented by the Flood Management Simulator (7) and
research as reported in "Prescriptive Economic Models for Nonstructural
Flood Control" by Cornell University (8). These latter tools are
research tools that were carefully tailored to a specific problem.
They, too, are based conceptually on economic rent for decision
criteria, but are somewhat cruder in analysis detail. They view the
task completely as an economic allocation problem whereas the simulator
views the task as an economic allocation problem within the context
of an externally determined ultimate land use pattern.

There appears to be a need for a simpler scoped, more practical
locational analysis tool that would permit more general locational
assessments than is needed for detailed benefit analysis. The tool
would operate with available data and would facilitate plan formulation
throughout the early to mid-ranges of the planning process, the critical
phase for plan formulation purposes. The tool does not yet exist and
to the writer's knowledge, is not currently under development.
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Environmental Assessment

Environmental objectives have provided a strong impetus to the
current focus on nonstructural measure planning. The preservation
of riverine open spaces and the control of future development so that
massive structural solutions are not required is the focus of environ-
mental planning. Nonstructural measures are not particularly unique
in terms of environmental information needs for formulation and en-
vironmental impact analysis of proposed solutions. There does exist
a need to manage environmental data and perform general environmental
analysis of flood plain areas to facilitate flood control planning in
general and planning of nonstructural measures in particular.

Analytical tools for detailed simulation of physical, biological
and chemical processes of importance in environmental analysis continue
to receive a high degree of research attention.

More general analysis such as is possible using the spatial analysis
environmental program, Resource Information and Analysis (RIA) (9) under
development at HEC has received less attention. The RIA program is in
a conceptual sense, the analytical form of Ian McHarg's procedures for
environmental design. The capability to perform attractiveness, vulner-
ability and first order impact analysis exists in this program and was
applied to the Trail Creek Test (3) of the Phase I Oconee Basin Pilot study.
The technology takes advantage of computerized data files (similar to the
spatial damage analysis previously discussed) and comprises a significant,
underutilized general environmental assessment capability that might be
especially well suited for the environmental issues involved in non-
structural flood control measure planning.

Plan Formulation

The task of formulating viable nonstructural measures, either alone
or as components of broader flood plain management schemes, exists at a
number of alternative levels of detail that correspond to various phases
of the overall planning process. At an initial level, the desired
determinations are to answer such questions as: Are there any measures
that are attractive? and given an affirmative answer; from among those
that are potential candidates, which are the ones that could be of
substantial value in managing flood losses? At this stage the flood
hazard information may be of fair quality but information related to
the individual structures and site-specific designs of the nonstructural
measures would not 1ikely be available. It is obvious that this is the
appropriate and most attractive planning phase for integrating nonstructural
measures with structural solutions that may also be under consideration.
This initial phase of the formulation task has been referred to by many
as "screening", in that one is sifting from among many, a smaller set of
feasible attractivemeasures that would be studied in more detail. During
subsequent planning stages further refinement in analysis is in order to
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design specific measures, determine economic costs, performance, and
overall impacts related to other planning concerns. During these latter
stages, the more traditional project evaluation analysis would be performed.

For existing development, the damage potential of existing structures
and performance characteristics of candidate measures would be determined
so as to identify where management might be feasible and identify measures
that could accomplish the damage reduction. For future activities that
may be expected to locate in the floodplain, and for which the sites have
been identified, information needed is that for formulation of adminis-
trative measures that would manage the damage susceptibility of the
structures. For future development for which the sites and activities
are to be determined (a land use planning task), the information needed
is that related to location decisions and also that needed to permit
design of the administrative measures. The damage analysis tools
previously discussed can provide the requisite information for existing
conditions so that screening by application of simple criteria by external
(to the analytical tool) analysis is a feasible means of approaching the
task. The only limitation of such an approach is the relative difficulty
in considering a broad range of measures for many site specific conditions
that thus causes this approach to result in a simplified analysis.

The flood control measure optimization capability developed by HEC
(10) for the St. Louis District has the capability of including for
integrated formulation in a general way (by index locations and not
individual structures) nonstructural measures along with the usual
structural measures of storage, levees, channels, pumping ect. The
methodology is comprised of an analytically controlled, optimum seeking
detailed hydrologic simulation and flood damage analysis. The non-
structural capability of the tool is such that initial integration of
structural and nonstructural measures into viable alternative solutions
within a relatively compact urban system could be performed. The cap-
ability exists and has been applied for formulation of interior drainage
plans by the St. Louis District. The capability to include nonstructural
measures was not used, however, so that the utility of the tool used for
nonstructural measure formulation has not been tested in a specific
planning setting.

Nonstructural measures may be similarly considered (as an aggregate
at an index location) in the system simulation program HEC-5C (11).
The strength of this tool is in permitting the consideration of a very
general representation of a nonstructural measure for a location (say a
city) within a comprehensive system flood control study, such as might
be needed in a comprehensive analysis of say the Susquehanna River Basin.

Another technology that is emerging that has potential for nonstructural

measure formulation permits comprehensive consideration of the activity
Tocation, ground elevation, and land use in an overall systematic process
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of developing and analyzing damage potential. The capacity provided by
the spatial analysis methods developed for the Oconee Pilot study to
process large amounts of fixed land use data within the context of an
analysis of a proposed development pattern is an example. The types of
information shown in the below Table V-3 taken from the Trail Creek
report (3) illustrate the potential of the technology for assessing
alternative development control policies.

TABLE V-3

TRAIL CREEK TEST
DAMAGE EVALUATIONS
(1000’s of Doliars)

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5

Evaluation Ex. 100 Ex. 100 Ex. 100 Ex. 100 Ex. 100
Condition Ann. yr. Ann. yr. Ann. yr. Ann. yr. Ann yr.

]
Existing Land
Use w/o SCS| 15 2.8 25 47 120 14.2 .6 14 0 0

il
Existing Land
Use w/SCS 1.2 2.4 1.5 25 11.0 11.2 4 .9 0 0

1"
1990 Land
Use w/0 SCS
& w/100 yr.
policy 193 5243 | 638 5693| 238 634 4 9 0 0

v
1990 Land
Use w/SCS &
w/100 yr.
policy 4.4 6.1 1 218 1437} 17.8 185 3 6 0 0

Y
1990 Land
Use w/o SCS &
w/0 100 yr.
policy 1033.3 1727.5 | 350.0 1300.0 | 32.7 152.0 4 9 0 0
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The information presented in this table was developed by successive
processing (for each policy) with the spatial analysis program to yield
elevation damage relations at the index locations, and subsequent damage-
frequency integration using traditional analysis methods. The following
paragraphs taken from the report provides an indication of the assessments
that are possible with the technology.

"The results displayed in the Table are somewhat
suprising and at first glance may be difficult to
understand. An initial reaction might be that evaluation
condition III should be similar to I since the policy
of no new development occurring at elevations below the
100-year event is in effect. The Table shows a large
increase in both expected annual damages and the damage
due to the 100-year event. This increase is because (1)
damage does occur below the zero depth elevation (See
Table V-1 land use category (3), (2) the 100-year flood
for 1990 land use conditions is higher than the 100-year
flood for existing land use conditions, and (3) damages
are sustained by new development from events that exceed
the 100-year event.

The results are somewhat sensitive to assumptions
and current policy is sufficiently ambiguous that the
correct assumption to make is not obvious. It was
assumed herein that the 100-year level that applies
under the flood insurance program is that defined by
existing land use conditions and that development is
placed such that the finished ground floor (first floor)
is placed at this 100-year elevation. The techniques
can accept alternate assumptions such as use of a
future 100-year flood elevation and placement of base-
ments, etc., above the designated flood. The conse-
quences of the assumption regarding future damages
seems sufficiently important that consistent policy
should be established for use in future studies.”

Other conceptually comprehensive general formulation tools are
emerging from the research community. Examples are the Flood
Management Simulator and the Cornell research, previously discussed,
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in which location decisions (for future development) are analytically
integrated with planning for nonstructural measures. The rele of both
of these analysis tools would be to provide very general land use
planning data that would assist in identifying alternative future
development patterns. Conceptually the tools are appealing but the
practicality of such general analysis in a specific planning setting
is yet to be tested.

The technology gaps that exist of 1) screening technology for
existing flood plain development, 2) screening for known future
development and policies and 3) integration of location analysis
and selection of policies and measures, are addressed by tools that
have been discussed. The comprehensive inundation reduction analysis
tool under development by HEC and an expanded Oconee spatial analysis
technology could likely provide much of the technology for 1) and 2).
Technology for 3) may be impossible to implement at a practical
operational level--further study of available research tools is
warranted.

Social/Institutional Analysis

It is clear that most of the potentially viable nonstructural
measures that may be considered in nonstructural measure planning
will require a complex implementation strategy adapted to a multitude
of social and institutional settings. At the present time, there
are no proven analytical methodologies that would assist in developing
information to support development of such a complex implementation
strategy. However, IWR is in the final stages of preparing a report
which deals with both the conceptual and the analytical requirements
of formulating implementation strategies. (12)

This report characterizes the local community as a functioning
utility that must raise revenue, purchase goods and manage activities
for the purpose of providing public services, one of which might be
raising funds and causing the implementation of nonstructural flood
control measures. In this context, one of the more significant tasks
of any nonstructural measure formulation is identifying the responsible
local agencies and institutions and defining their revenue raising
powers and management authorities that would be needed to undertake
program implementation. Substantial progress has been made in defining
concepts and important aspects of institutional analysis, particularly
in the context of urban studies where solutions are at times outside
the sphere of traditional federal implementation, as is true for many
nonstructural measures. One finding is that a key fact of institutional
analysis is that of definition of the revenue raising and financial
capabilities. It appears, at first glance, that the analysis of the
overall financial structure is performed by local communities and
institutions on a continuing basis by local government officials and
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institution managers. Thus the basic information (tax structure,
property values, legal authorities, etc.) should be readily available
and in many instances, in a form amenable to analytical analysis by
use of computer modeling. Analytical investigations in this area
would seem to have high pay-off potential and be worthy of attention
by researchers. The capability thus created could be especially
useful in formulating measures that would be responsive to the local
setting and assessing the local impact of alternative solutions.

There are a number of the measures, especially those related to
emergency activities, that rely upon individual initiative and con-
tinued vigilance by the individual property owners. James (1)
describes the factors determining the success of means of inducing
nonstructural measures at the community level. It is clear that
the attitudes, perceptions and overall practices within a specific
community will need to be understood if proposals requiring individual
initiative, or even community consensus, are to be viable alternatives.
The tool of questionnaires and subsequent analysis ranking has proved
to be a useful information development device. Whether further analy=
tical development in terms of processing such information would provide
further useful data is not known. General modeling of social attitudes,
etc., seems at present to be an unrealistic expectation.

Data Management

Data management refers to the systematic acquisition, storage,
retrieval and data interface manipulations between data storage
location and analysis tools. A common need that is currently lacking
in existing available tools, such as traditional damage analysis,
and could be the key component of new technologies, such as the locat-
ional analysis and community and institutional financial structure
modeling, is comprehensive data management.

The comprehensive inundation reduction computer program under
development by HEC has focused in part upon management of field
collected damage data. The spatial analysis methodology developed
for the Oconee Pilot study is primarily a data management technique
that has significant potential for processing of geographic and
other resource data unique to nonstructural measure planning. An
apparent pressing need is a more general data management structure
that would encourage systematic collection of the needed data and
then provide the capacity for information storage, retrieval, and
processing that could facilitate a number of analytical methodologies
ranging from financial analysis of institutions through detailed
assessment of existing structure damage potential and analysis of
alternative land use patterns. System of Information Retrieval and
Analysis for Planners (SIRAP) (13) 1is a presently functioning system
concieved with similar objectives in mind. The tasks remaining in
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data management are those relating to the development of systematic
means for placing new and updated data into management systems, and
linking the data management systems to analysis and display tools.

Summary and Observations

The planning of nonstructural flood control measures, as viewed
from the context of analytical tools to facilitate this process, has
indicated that there is a need to focus analysis on the individual
site-specific structure in its setting and that this analysis needs
to be performed systematically on a comprehensive flood-plain wide
scale. It appears that analytical techniques will contribute pri-
marily in the context of more efficient development and processing
of the detailed site specific information rather than any grand
contribution to planning methodologies. The planning task asso-
ciated with nonstructural measures is sufficiently complex so as
to not be amenable to a comprehensive analytical solution. Analyt-
ical tools to service nonstructural measure planning should be .
viewed as providing a means for information development and in-
formation management.

The specific items that have been identified as potentially
fruitful areas for research and development of analytical techniques
to facilitate nonstructural measure planning are:

1. Systematic, efficient, data management and damage analysis
of individual existing structure and future land use infor-
mation.

2. Practical capacity for performing locational and land use
analysis of potential future development.

3. Social/institutional analysis--in particular that part of
institutional analysis which is amenable to analytical
methods relating to the financial structure of existing
institutions and communities.

4. Data management to service both a variety of analytical
methods and overall study management. This appears to
be the major and significant opportunity to substantially
improve information development and use in planning.

The discussions and observations within this paper suggest that
analytic tools can substantially improve the information flow and
thus the planning of nonstructural measures. This view needs to
be placed in perspective. The analytic needs for planning are pro-
bably not the critical needs related to planning nonstructural
measures. The policy issues related to cost sharing, the federal
planning role, and federal implementation role are the significant
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jssues. The adopted position on these issues will also have
substantial bearing on the needed character of analytical tools.

A planning role perceiving as an end product the design of specific
implementable, site-tailored measures would require an order of
magnitude increase in types of analysis and the level of detail
necessary as compared to a planning role perceiving as an end
product the identification of feasible solutions to be recommended
to local institutions for detailed planning and implementation.
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Flood Proofing at Logan, Ohio
and the Flood Hazard Factor

By

Richard E. McCoy, Jr., Civil Engineer, Flood Plain Management
Services, Planning Branch, U.S. Army Engineer District
Huntington, W. Va.

INTRODUCTION

Initial investigations for providing flood protection for two small
communities resulted in expanding the study to include numerous alterna-
tives. The final results were a composite of the most productive of the
alternatives which were assembled into the "best'" plan. The considera-
tion of "flood proofing" as an alternative although not incorporated
into the "best'" plan provided an interesting view of a long heralded
alternative,

Purpose

The purpose of this paper is to provide a perspective of the generalized
techniques used to evaluate residential flood proofing on a community
wide basis and how the stage-frequency relationship or interest rate might
be used to decide where such a technique might be a viable inclusion in
the "best" plan.

Definitions
Throughout this paper the following definitions apply:

Flood Proofing: Permanently elevating a residential structure in place
to lower susceptability to flood waters.

Flood Hazard Factor: The difference in elevations between the 100-year
recurrence interval flood and the 10-year recurrence interval flood in
tenths of a foot. The alphabetic suffix is a predetermined code indicative
of the skew of the stage-frequency relationship. Example FHF 050A.
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Setting

At Logan, Ohio, one of two small communties, for which an investigation
to provide flood protection was being considered, a total of twelve
alternatives for providing protection were analyzed. One of these
alternatives was to evaluate, flood proofing of all residential struc-
tures located below the 100-year flood level.

Method of Analysis

The application of flood proofing to single family residences in Logan,
Ohio, was selected for this study because of the availability of certain
data that would provide a representative view of the costs and benefits
of flood proofing.

The available data from previous surveys for Logan made it possible to
generalize many factors about single family residences and somewhat
simplify what could have been a complex set of alternatives. An outline
of the analysis is as follows:

(1) Cost to flood proof an individual structure

(2) Nature of Structure to be flood proofed and degree of protection
required

(3) First cost to flood proof structures in the community

(4) Average annual cost of flood proofing

(5) Damages prevented by flood proofing (average annual)

(6) Average annual benefits

(7) Benefit/Cost of Flood Proofing

The cost to flood proof individual structures had been investigated in
some detail in 1970 in the preparation of "Report on Tug Fork...'" in
which datailed costs analyses were carried out for flood proofing
fifteen (15) residential structures to various levels of protection.
These residential structures were located in Matewan, West Virginia, and
represented a cross-section of types and conditions to be found in that
community.

Although a variety of flood proofing techniques have been suggested in
the past, it was determined in the investigation for "Report on Tug
Fork..." that for extreme depths of flooding and light residential wall
construction raising in place is the only practical means of flood
proofing. Stability analysis for raising in place indicates an upper
limit of six feet for this method.

The fifteen residences in Matewan were selected to develop the design
and costs of flood proofing by raising in place. The residences were
selected from three groups with respect to their physical condition
(sound, deteriorated and dilapidated) and costs were developed for
raising each type in place.
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The values and conditions were determined for the residences and the
ratios of costs of flood proofing to various levels were estimated.
These ratios formed the basis for determining the cost of flood proofing
in Logan, Ohio

The ratios developed for "Report on Tug Fork...'" for sound structures
are tabulated below:

Condition of House-Sound

Cost Raise-2 feet = 0.17
Value of House

Cost to Raise-4 feet = 0.23
Value of House

Cost to Raise -6 Feet = 0.31
Value of House

Other values were developed for deteriorated and dilapidated structures
but were not applicable for Logan, Ohio. It was determined that the
structures in Logan, Ohio, for which flood proofing was being considered
were in sound condition. These values were interpolated for each 0.5
foot increment and a factor of 20% for engineering and design and
supervision and administration of construction was applied to the esti-
mated cost of flood proofing.

A damage survey performed in 1965 gave insight to the number, first
floor elevations, condition , values and types of residential structures
in the flood plain at Logan, Ohio. A design was assumed which incorpor-
ated raising all single family residential structures with first floor
levels below the elevation of the 100-year recurrence interval flood to
that elevation. This involves raising 337 such structues. Further
analysis of the survey data revealed that the structures had an average
value of $10,200 and would have to be raised anywhere from ome-half to
six feet.

Using the survey data it was possible to proportion the number of
structures needing flood proofing at each one-half foot increment of
protection required. The distribution of the various first floor ele-
vations are represented by the values in the second column (#Structures)
in the following computation.

Below is the computation of total first cost of flood proofing the 337
structures in Logan, Ohio:
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First Cost of Flood Proofing - Logan, 0

Flood Proofing #Structures Value of Structures Cost
Required Average Value$10, 200 Dollars Flood Proofing

0.5 40 408,000 57,120
1.0 61 622,200 93,300
1.5 27 275,400 44,064
2.0 51 520,200 88,434
2.5 36 367,200 67,932
3.0 47 479,400 95,880
3.5 33 336,600 72,369
4.0 20 204,000 46,920
4.5 13 132,600 33,150
5.0 6 61,200 16,524
5.5 1 10,200 2,952
6.0 2 20,400 6,324
337 Structures Total Cost $625,005

E&D, S&A (20%) 125,001

Total Cost
Incl E&D, S&A $750,006

At an interest rate of 5-7/8% and a 50 year project life, the average
annual costs for flood proofing would be $46,755.

The damages prevented by flood proofing a residential structure by
raising in place are the differences in average annual damages that are
to be expected before and after raising.

In order to determine damages prevented at Logan, Ohio, by the proposed
flood proofing scheme it was necessary to develop a representative stage
damage relationship. Using the 1965 Survey data it was possible to
determine the mix of the four types of one-family residential structures,
one and two story with and without basements. Using the generalized
stage-damage information developed by the Federal Insurance Administration
in its publication "Flood Hazard Factors, Depth Damage Curves, Elevation-
Frequency Curves, Standard Rate Tables", a representative stage-damage
curve for such a mix was developed. This stage~damage information
incorporated a content value equal to 30% of the structural value.
Knowing the stage-damage relationship and stage-frequency relationship
and degree of flood proofing required for the 337 structures, it was
possible to determine the average damages prevented should the plan be
carried out to provide such protection.
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Below is the computation of average annual damages prevented:

Average Annual Damages Prevented
by Flood Proofing - Logan, O.

# of Structures 40 61 27 51 36 47 33 20 13 6 1 2
Flood Proofing

(ft) 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Avg. Ann. Damages

Prevented/

Structure 8 11 19 26 37 47 62 76 98 119 147 174

Total Damages
Prevented $320 $671 $513 $1326 $1332 $2209 $2046 $1520 $1274 $714 $147 $384

Total Average Annual
Damages Prevented $12,420

This value would be an appropriate estimate of average annual damages if
the structures had an infinite life. However, the damage survey
revealed a distribution for the useful lives of residential structures
in Logan and it is not anticipated that the structures would be replaced
due to existing flood plain regulatioms.

Average annual damages prevented were reduced in a manner appropriate to
the expected lives and resulted in a value of average annual benefits of
$10,015 for a 50 year project life and at an interest rate of 5-7/8%.

The benefit-cost ratio for flood proofing the 337 structures in Logan is
0.2. A summary of this analysis follows:

Interest Rate 5 7/8%

50 Yr.
life
First Cost of
Flood Proofing at Logan $750,006
(337 structures)
includes 20% E&D, S&A

Avg. Annual Cost $ 46,755
of Flood Proofing

Avg. Ann. Benefits $ 10,015
of Flood Proofing

B/C Ratio 0.2
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The unfavorable benefit-cost ratio for flood proofing residential
structures was felt to be indicative of what could be expected of such
an analysis at the second community where a similar situation exists.
Detailed costs and benefits of flood proofing for the second community
were not carried out.

Variations in Analysis

The results of the Benefit/Cost determination certainly indicated that
there are situations where it is a waste of time to go through the
exercise of evaluating flood proofing. The question before a planner is
when to go through the exercise and when to discount this alternative.

From an initial examination of all the input in the analysis it appeared
that two factors might have a significant effect on the Benefit/Cost
ratio. The two variables are the stage-frequency relationship and the
interest rate at which the ratio is determined

To test this hypothesis a reanalysis will be made with various stage-
frequency relationships.

A generalized factor associated with stage-~frequency information has
been coined by the Federal Insurance Administration and is called the
Flood Hazard Factor (FHF). This term is an indication of the relation-
ship between the difference in the expected levels of the 100-year flood
and the 10-year flood and is expressed in tenths of a foot. An alpha-
betic suffix is generally an indication of the skew of the stage-
frequency relationship.

The analysis of flood proofing at Logan was originally made for what
would be a FHF075A. Without changing any of the other variables

in the original analysis the B/C was recalculated for several stage-
frequency relationships. The B/C ratio and appropriate Flood Hazard
Factor are tabulated below:

Reanalysis of Logan, 0., at various FHF

FHF B/C
200A 0.10
160A 0.12
120A 0.15
080A 0.23
040A 0.62
030A 1.19
020A 3.04
010A 7.75

From the table it can be seen that the B/C ratio becomes greater than
unity when the FHF becomes less than 040.
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This gives a valuable indication to the planner that flood proofing
should only be considered as an alternative when the FHF is low, in this

case 040,

Another factor that might cause a significant change in the B/C ratio is
a substantial change in the interest rate at which the analysis was
made. To test this hypothesis the analysis was redone at several
different interest rates for the various FHF. The results are displayed
on the following graph:

An examination of the graph reveals that a lowering of the interest rate

does enhance the B/C ratio to a small degree but not in such a pro-
nounced way as changing the stage-frequency relationship (FHF).

Conclusion

The result of this analysis does show it is possible to develop generalized
techniques to evaluate the potential of flood proofing as an economically
feasible non-structural alternative.

Also, the analysis reveals that the stage-frequency relationship (FHF)
has profound effect on whether flood proofing is economically feasible.
The FHF should be low before any detailed consideration should be given
to flood proofing as a non~structural alternative.

The interest rate although it does effect economic feasibility is not

as pronounced in its effects and may be given secondary consideration in
determining whether a detailed analysis of flood proofing should be
undertaken.
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PREFACE

The secret of any nonstructural flood damage reduction is
to provide the endangered landuser information so he can reduce
or minimize his risk. The classic example in our business is the
peaceful brook that becomes a raging torrent. The Great Lakes
with 11,000 miles of beautiful shoreline is probably the least
understood flood producing waterway.

The Great Lakes with their unique physical makeup change
levels slowly. Even during the recent record high levels period
the lakes were very calm most of the time. But when energized
by the appropriate wind conditions, they become a menacing force.

In the period from December 1972 to April 1974 the Corps of
Engineers spent $20,000,000 to construct, or aid in the con-
struction of emergency dikes for the lakes under Operation
Foresight. The benefits resulting from Foresight are a $64,400,000
reduction in the flood damages. The problem of Great Lakes flooding
is complicated by its magnitude, the great geographic extent of its
area of impact, and the many agencies involved in its solution.

In accordance with agreements reached at the 17 July 1974
meeting of the Joint FRC~GLBC Task Force, the Corps developed
100-year open-coast flood levels for all reaches of the United
States shoreline of the Great Lakes., This paper describes the
water level data available and the techniques used in developing
a uniform procedure to determine the 100-year flood level for all
the Great Lakes,
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GREAT LAKES OPEN-COAST
FLOOD LEVELS

By

Lo T. Schutzel

INTRODUCTION

1. Nearly one-third of the 4,000-mile boundary between
Canada and the United States 1is covered by the waters of the Great
Lakes, The nearly 95,000 square miles of water surface of the
lakes contain about 5,000 cubic miles of fresh water - enough water
to cover the continental United States to a depth of nearly 10
feet., The water levels are continually changing as the amount of
water entering and leaving each lake varies with the hydrological
conditions. The extreme variation in monthly mean lake levels
recorded since 1900 has ranged from 3.8 feet om Lake Superior to
5.7 feet on Lake Michigan-Huron, 6.0 feet on Lake Erle and 6.6 feet
on Lake Ontario. The average rise from winter low to summer high
level ranges frou one foot on Lake Superior to 1.6 feet on Lake
Ontario,

2., Short=Period Level Fluctuations. = The Great Lakes are
considered to be essentially non-tidal because of the small
fluctuations of levels due to the gravitational pull of the moon
and sun, and these less than 2-inch tides are masked by the greater
fluctuations of levels produced by wind and barometric pressure
conditions. Depending upon the depth of the lake and the shape of
the shoreline, the water level along the shore is subject to
significant fluctuations due to strong winds acting for several
hours on the water surface., Southwesterly winds during a Lake Erie
storm on 10 November 1975 caused the water level to rise about 7
feet at Buffalo, New York, and to fall 6 feet at Toledo, Ohio.
Although wind setups of this magnitude are very rare except at the
east and west ends of Lake Erie, significant wind setup is
experienced at many sites along the Great Lakes shoreline. Typical
examples of wind setup on Lake Erie are shown on Lake Survey Center
summaries of storm water levels in Figures 1-3.

lHydraulic Engineer, Great Lakes Hydraulics & Hydrology Branch,
Engineering Division, Detroit District, Corps of Engineers
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3. 100=Year Flood, — High water levels create flooding
problems along many treaches of the Great Lakes whether these levels
are caused by an unusually large volume of water, or by a combination
of wind setup and water level due to a lesser volume. In conjunction
with the National Flood Insurance Program, the Federal Insurance
Administration (FIA) has adopted the 100-year flood as the standard
for identification of flood hazard areas. This paper is concerned
with the 100-year flood levels for the more than 3600 miles of
Great Lakes mainland shoreline within the United States.

4, Water Level Data., - Great Lakes water levels have been
observed by water level recording gages since 1900 when the Corps
of Engineers installed gages in stilling wells at Mackinaw City,
Michigan, and Buffalo, New York., Since that time additional gages
have been placed in operation by government agencies of Canada and
the United States. At present there are 44 gages with 10 or more
years of record maintained along the shoreline of the lakes. The
records of these gages include hourly readings, daily and monthly
mean levels, and maximum and minimum instantaneous levels for each
month. These instantaneous levels reflect the general lake level
plus any wind setup existing at the time. The fluctuation of
levels resulting from waves is removed by action of the stilling
wells and is not recorded.

5. Annual Flood Levels, = Since the 100-year flood represents
the flood level that on the average will have a one-percent chance
of being equalled or exceeded in any given year, a frequency curve
analysis of flood levels at each gaging station was made. The
basic frequency curve used in hydrologic engineering is the frequency
curve of annual maximum or minimum events. The annual maximum
flood level at each station was taken as the maximum instanta-
neous level recorded each year. Over the period of record,
changes in the amount of water diverted into and out of the
lake basins and changes in outlet conditions have significantly
affected the levels of the Great Lakes. To account for the effect
of these changes on historical levels, the annual maximum flood
levels were adjusted to present diversion and outlet conditions.?

6. Exceedence Frequency Curve. — The 49 sets of adjusted
annual maximum flood ievels covered varying lengths of record from
75 years at Mackinaw City and Buffalo to as few as 11 years at
Harrisville, Michigan. The flood levels at Buffalo were ranked in

2Regulation of Great Lakes Water Levels Report, International
Great Lakes Levels Board, 7 December 1973.

177



decreasing order and plotted on probability graph paper, Figure 4,
with plotting positions determined by linear interpolation between
positions of largest and smallest levels:

P1 =1 ~ (0.5) 1/N
PN =1 = P1
Where Pl = plotting position of largest event
PN = plotting position of gmallest event.

7. Station Frequency Curves. - The one percent exceedence
frequency at each water level gaging station was computed by the
analytical method of computing a frequency curve as described in
Statistical Methods in Hvdrology by Leo R. Beard, published by the
Corps of Engineers at Sacramento, California, January 1962. The
frequency curve for Buffalo derived by this method is shown on
Figure 4. The derived frequency for each station was obtained by
the following equation:

17 exceedence level = M + 2.33 s

Where, M is the mean of the annual flood levels in the set
s is the standard deviation
2.33 is the Pearson Type III coordinate from Beard's
Exhibit 39 for zero skew coefficient and 1% frequency.

8. Open-Coast Flood Levels. - The 100-year open~coast flood
level in the vicinity of each of the 49 stations was derived from
the calculated one percent exceedence level at the station taking
into consideration such factors as the number of years of record,
physical environment of the gage, levels at other gages on the lake
and the configuration of the adjoining shoreline. The average
distance between gaging stations on the U.S. shoreline of the Great
Lakes is about 125 miles with some as far apart as 200 miles. The
open—coast levels between gaging stations were interpolated for a
smooth transition to avoid irrational rises and falls in the levels
shown. The derivation of open-coast levels at and between stations
is a judgmental rather than a mathematical process. The 100-year
open~coast flood levels for the five Great Lakes are shown as
Plates 1 thru 5. Also shown are tables giving the 17 and 507 fre-
quencies of flood levels at each station., The inclosed plates are
greatly reduced, but the 100-year open—coast flood levels reach by
reach along the U.S. shoreline of the Great Lakes have been
compiled on navigation charts and copies are available from the
District Engineer, U.S. Army Corps of Engineers, P. 0. Box 1027,
Detroit, Michigan 48231.
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9, Flood Levels in Commecting Channels. - One problem which
arises in determining 100-year open=-coast levels is the short
period of record available at some gage sites. Of the 49 gages
used to determine the 100-year levels on the 5 Great Lakes, 22 had
fewer than 25 years of record and 16 had less than 20 years., The
techniques used to transfer one percent exceedence levels at the
gages to the 100-year level on the adjacent open—-coast, compensate
to some extent for errors in levels based on short periods of
record. Along the 117 miles of U.S. shoreline on the connecting
channel between Lakes Huron and Erie, there are no sites along the
nearly 60 miles of Lake St. Clair shoreline where recording gages
have operated more than 23 years. Therefore, the one percent
exceedence levels could not be modified by comparison with levels
from other sites with longer periods of record. As time goes on,
the 100-=year level on Lake St, Clair should be reviewed and revised
if necessary., In the 1953-1974 period of 22 years, the annual
flood levels on Lake St. Clair have varied over a range of 4.2
feet. In the same period the flood levels at Mackinaw City have
varied 4.9 feet. Using the 75 years of Mackinaw City data, the
oné percent exceedence level during the last 22 years is 0.37 foot
higher than for the entire 75 years of record. From this comparison,
the 100-year level from 22 years of record om Lake St. Clair is
probably between 0.3 and 0.4 foot higher than a value based on a

75+year period.

10, Selection of Hydrologic Events. - Several methods have
been proposed to utilize published monthly mean lake levels avail-
able for long periods of record to augment the maximum annual flood
level data available for limited periods of time at some sites on
the lake. The proposed methods in general, use the published \
levels as undisturbed levels at the site with a short record. One
method applies an average setup to these undisturbed levels to
obtain annual flood levels to use with the récorded flood levels.
The setup used is based on the setups recorded at the station.
Other methods disregard the recorded flood levels and derive a
frequency curve by combining frequency curves of the undisturbed
levels and wind setups based on the recorded setups. These methods
assume that the monthly mean level is the same at all places on a
lake, a condition which rarely occurs. They also assume that wind
setup observed over a short period of record is typical of conditions
over an extended period of record., No record demonstrating
the validity of this assumption on the Great Lakes has been found.
Further, the maximum annual flood levels at a site along most of
the connecting channels and occasionally on the lakes are not the
result of wind setup.
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11, Recommendation. - The techniques described above for
deriving the 100-vear open-coast flood levels on the Great Lakes
from recorded maximum annual flood levels are recommended for
insurance purposes because they are based on observed lake levels,

If desired these techniques may be used to derive opeun-coast flood
levels for other exceedence intervals.
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OVERVIEW OF SEMINAR ISSUES

By
James Tang 174

Legal and Conceptual Framework

In his remarks, BG McIntyre emphasized that Public Law 93-251
requires Federal agencies to give full consideration to nonstructural
measures in planning projects for flood protection. He further
remarked that the Corps will do its utmost to do the best planning

job in this regard. Presentations by Cobb and Thomas of the Water

Resources Council provided an overview of the legislative history
of the comprehensive approach toward reducing flood hazards of
which consideration of nonstructural measures is an important part.
Discussions following the presentation of these papers reflected
a perception on the part of many participants that dwelling on
the distinctions between structural and nonstructural measures
tends to be counterproductive because it focuses attention on
means for achieving an objective at the expense of balanced and
integrated concentration on the objectives of reducing flood
damages and encouraging wise use of flood plains.

While the concept of a comprehensive management program for
reducing flood damages is not difficult to understand, additional
guidance is needed in order to define planning objectives and

jnstitutional roles consistent with these national objectives.

1/ : S
‘James Tang, Economist, Institute for Water Resources. This
overview was prepared following the Seminar.
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For instance, Corps planners frequently encounter cases where flood
hazards and problems are obvious, but where the Federal interest in
either structural or nonstructural measures cannot be demonstrated.
In such cases, it is not clear how far the planning effort should
go and to what extent plans should include measures and actions
which satisfy local desires but do not satisfy Federal criteria.
Furthermore, there is no clear definition of the Corps role in
providing flood plain management planning assistance to communities
for plans which they would implement without financial assistance
from the Federal government.

The Policy Issues

The most important policy issue inhibiting the consideration of
nonstructural measures is cost sharing. There has been no clear
policy other than on an ad-hoc basis regarding Federal participation
in nonstructural measures. Furthermore, no such policy is anticipated
in the near future in view of exceptionally high cost estimates for
implementation of nonstructural schemes. Consequently, planners are
left to judge by themselves which measures should be recommended
without knowing the cost sharing arrangements. One seminar partici-
pant suggested that the logical planning task should be carried out
as usual without regard to who would implement the plans.

The role of the traditional B/C analysis in formulating non-
structural plans was challenged by several speakers. Difficulties
cited by participants ranged from conceptual problems such as those

associated with assessment of the "benefits" resulting from evacuation
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to measurement problems such as those associated with assessing the
value of open space.

As reported by Incaprera and other field planners, most flood
proofing measures proposed could not pass the B/C test taken individ-
ually or in combination even though these measures may prove to be
effective to varying degrees. Since many flood plains have been
settled over a long period of time often by less affluent people,
the emphasis on benefits will tend to discourage the provision of
protection to people who need it most. There is a need to improve
the measurement of benefits under environmental quality or quality
of 1ife so that appropriate weights may be given to this equally
important planning criterion.

Methodology and Data System

Davis of HEC indicated that analytical techniques are available
for use in performing an analysis of nonstructural and structural
plans although the degree of precision will depend largely on data
availability. It was noted, however, that our analytical capabilities
for hydrologic and economic evaluation far exceed our present cap-
ability to analyze social and institutional problems. Analytical
problems in the latter areas are compounded by both lack of data
and Tack of a conceptual basis for dealing with questions of equity
and other socially significant factors. This may be explained by
the remarks of James saying, in effect, that structural measures
deal mainly with engineering works while nonstructural measures

deal with men. Problems dealing with human perception, motivation,
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and behavior in a free democratic society are much more complex than
those of engineering in nature. If any nonstructural measures are

to work effectively, they must be accepted and enter into the decision
making process of the individuals to be affected. There is a need

to give greater attention to the changing attitudes and behavior
associated with flood hazards and proposed solutions and this must

be reflected in future guidance.

What has been said of analytical techniques also holds true for
the data system required for nonstructural measure planning. Unfor-
tunately, available data relates mostly to physical and hydrologic
aspects, while 1ittle information is available regarding social impact
assessment involving the use of flood plains. Another dimension of
the data or information problem is the urgent need to develop some
guidance to make certain that the information collected and published
by the Corps may be put into use.

An Interdisciplinary Approach

As recognized in the case study of Indian Bend Wash Project,
reported by Ruiz, an interdisciplinary approach was one of the
factors contributing to the success of the project. Future guidance
needs to address this approach in detail and put it into practice.

Importance of Case Examples

Case studies presented by several field planners are quite
instructive, particularly experiences such as the Indian Bend Wash

Project. Successful examples in comprehensive flood plain management
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approaches such as those planned for Waterloo, Iowa; Briston, Tenn.;
Charles River, Mass.; and others discussed by speakers at the seminar

should be cited in future guidance on planning nonstructural measures.
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