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URBAN DRAINAGE AND FLOOD CONTROL PROJECTS

ECONOMIC, LEGAL AND FINANCIAL ASPECTS
Abstract

Techniques for evaluating minor and major Urban Drainage and
Flood Control (UDFC) Projects are described. Economic, political,
engineering, financial and legal problems must be faced prior to
implementation of proper levels of these projects. The measurement
of tangible benefits is described while a literéture review revealed
no direct objective techniques for quantifying intangibles. Some
methods for establishing the relative rankings of intangible contri-
butions show promise for improvement of evaluation techniques, however.
The legal problem of establishing benefits is described and a copy of
recently enacted Colorado legislation is included. Information on the
estimation of flood damages and the selection of discount rates is
presented for use by the analyst. Careful coordination of land use
and drainage control measures is stressed. Related recent legislation

and regulations are included.

vi



Foreword

by L. S. Tucker
Executive Director
Urban Drainage and Flood Control District

A major activity of the Urban Drainage and Flood Control District
is the development of master plans for major drainageways in the Denver
region. The purpose of the master planning process and the resulting
report and plans is to define problems and provide solutions. The
plans define the flood plain for regulation purposes and provide definite
guidelines for managing future development affecting the drainageways
and associated flood plains.

The master plans also provide the justification and basis for
moving from the planning stage to acquisition of funds and eventually
to construction of improvements or other forms of implementation. Since
the master plans provide a basis for implementation, it is necessary
that the solutions adopted be based on sound and logical procedures.

A primary input to the decision making process is an analysis of the
benefits and costs of various alternatives.

The procedures for evaluating the benefits and costs of urban
drainage and flood control projects is not well defined. Direction
for analyzing intangible benefits is particularly lacking. Recognizing
this deficiency, the Urban Drainage and Flood Control District joined
with Colorado State University and submitted a request to the OWRT
(Office of Water Research and Technology, formerly OWRR) for federal
assistance. An OWRT grant was made, and with matching funds provided
by CSU and the District, a two-year research effort was initiated in
1973. This report is the culmination of the resulting two yéars of

activity.
vii



An important ingredient of this research effort was the close link
between the research team and the 'user," the Urban Drainage and Flood
Control District. An interim report was published in June 1974 and
immediately tested by application to actual planning projects. The
resu1£ of this real life laboratory was the modification of the
interim methodology. This report will also be used by the District
as a guide for the development of cost and benefit analysis for future
urban drainage and flood control efforts.

Another key factor of the project was the research team. The
research effort was led by Dr. Neil S. Grigg, Associate Professor of
Civil Engineering at Colorado State University. Also actively involved
were Leonard Rice, a practicing civil engineer, and W. J. Shoemaker, a
précticing attorney and Colorado State Senator. The relationship be-
tween the research team and the "user," and the make up of the research
team has resulted in a product that is a well intended marriage between
theory, practice, and application.

Copies of this report, while available, can be obtained from the
Urban Drainage and Flood Control District, Suite 600, 181 East 56th

Avenue, Denver, Colorado 80216.
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URBAN DRAINAGE AND FLOOD CONTROL PROJECTS

ECONOMIC, LEGAL AND FINANCIAL ASPECTS

Summary of Report

Drainage and flood control problems in an urban region are a direct
result of human interference with normal drainage patterns. In a growing
metropolitan area, the thrust of drainage solutions should be in two
basic directions; prevention and remedial works.

Preventive activities take the form of flood plain management to-
gether with good planning. As rural areas urbanize, flood plains can
be developed in such a manner so as to preclude or minimize future
damages and problems from flooding. Also, as urbanization proceeds,
adequate local drainage should be provided along with streets, roads,
schools, parks and other public facilities, consistent with wise levels
of public investment.

Situations that require remedial action are those where flood plains
have been improperly occupied and developed and where locél drainage
problems have not been adequately considered and handled. In these
cases, positive steps are needed, usually by a public agency, to remove
the hazard or alleviate the inconvenience caused by flooding.

Drainage and flood control activities can be placed into struc-
tural and non-structural categories. Structural activities incorporate
both preventive and remedial measures and include installation of storm
sewers, culverts, inlets, adequate curb and gutter, channelization and

detention facilities. Non-structural activities also overlap both pre-



ventive and remedial functions and include flood plain management
(preventive), flood plain warning (remedial), and flood insurance
{(remedial).

Structural activities relating toru;ban drainage and flood control
(UDFC) provide a service for the improvement of living conditions in
urban areas. As a service, it provides for three types of needs:

(1) the need for flood damage mitigation and protection; (2) the need

for rapid drainage of public facilities for the basic purpose of con-
venience; and (3) the need for environmental management such as cleansing
of streets and washing away collected dust and pollutants.

Urban drainage and flood control activities require an assessment
of the benefits derived by those being relieved of potential flood
damages. In many situations, urban storm drainage needs become urgent
because of the advancing urbanization of an area. Sometimes the direct
beneficiaries are those who are relieved of potential flood damages
while, at the same time, advancing urbanization is the culprit. The
service concept recognizes the fact that a drainage system accommodates
additional stormwater generated by urbanization. The service concept is
important in the identification of the full range of drainage and flood
control benefits and beneficiaries.

Urban Drainage and Flood Control must compete with other urban
programs for funding from the limited public purse. It is important to
be able to describe and enunciate all of the benefits that these projects
provide so that they can compete for funding. This is only one of the
evaluation-related problems that confront the public works manager
responsible for urban drainage and flood control. Other types of evalua-
tion problems are: the determination of the merit of individual projects,

X1



the ranking of competing UDFC projects to determine priorities, the
determination of optimal investment timing and the determination of the

incidence of costs and benefits on different population sectors so that

project costs can be equitably apportioned.

Benefit-cost analyses of UDFC projects can be useful in all of the
above situations. The design of such a study must, however, be specified
according to the ultimate use of the output of the study. The term
"Benefit-Cost Analysis' (BCA) as applied to UDFC projects, must be
viewed as wider than the traditional BCA which recognized only economic
efficiency as a viable benefit. Benefits and costs should be normally
considered in the four categories recommended recently by the U. S. Water
Resources Council: economic efficiency, regional development, environ-
mental impact, and social benefits. 1In the case of UDFC projects, the
latter may well be the most significant, particularly in the case of the
so-called minon type of project. UDFC systems must be distinguished into
minor or major systems, both for implementation purposes and for
benefit-cost studies because public benefits differ considerably between
the two types of systems.

The state-of-the-art of conducting benefit-cost studies for urban
drainage and flood control projects is not far advanced. The distinction
between minor and major projects has only recently received wide accep-
tance. The evaluation problem is plagued by our inability to quantify
indirect, secondary and intangible benefits associated with UDFC projects.
In the case of the major flood control project, attention has mostly
been focused on the potential reduction in flood damages associated with
such projects. This attention is probably due to the visibility of

flood damages after severe floods as well as the availability of data

xii



for quantifying such benefits. It was found during this study, however,
that the state-of-the-art of estimating damage benefits is rather primi-

tive and there currently exists a wide latitude in the practices of

agencies in making such estimates.

For minor urban drainage and flood control projects, it is normally
not feasible to carry out a detailed Benefit-Cost Analysis because of
the intangible nature of the predominant benefits. Specifically, the
flood damage reduction benefit may not be significant for these projects.
Minor UDFC facilities provide a necessary service in urban areas, however,
and must be provided just as are traffic control, police, library and
other public services. The approach recommended is one related to
program budgeting whereby UDFC is viewed as a necessary service and
provided for through a capital budget. The effectiveness of the budget
is then maximized by setting target effectiveness levels and distri-
buting the budget so as to minimize deviations from the targets.

The case where local developers are required to install drainage
is not specifically addressed as this report is concerned with maxi-
mizing effectiveness of public investments. Neither the developer
nor the homebuilder should be burdened with excessive drainage require-
ments, in any event.

For major UDFC projects, two components of an evaluation methodology
are presented. The first, based on a multiobjective analysis with
consideration of community preferences, demonstrates the use of evaluation
matrices and weighting factors to display the relative performance of
competing projects. The second, a rather traditional benefit-cost
approach with strong links to land use management considerations,

demonstrates the calculation of the net economic benefits of competing
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projects. The matrix approach uses the second technique as the strongest
of several inputs. Unfortunately many of the indirect and intangible
benefits defy measurement and relative values must be estimated sub-
jectively. Also, noAstrong guidelines for the relative value of economic
versus intangible benefits are available. This is and should be, an

open choice for individual communities.

As part of the research leading to this report, a legal paper on
"establishing'" drainage benefits was prepared. This legal dilemma
stands between the public works manager and the successful conclusion
of many drainage projects. The paper, which provided background infor-
mation leading to passage of Colorado legislation defining benefits,
provided for the following categories of benefits: increase in property
value, reduced drainage liability, adaptability of property to superior
uses, alleviation of hazards, reduction in maintenance, reduction in
inconvenience and improved intangibles.

The engineering problem of measuring tangible benefits is addressed
in the report and current approaches for measuring the different cate-
gories of benefits are described in the form of a literature review.

A new approach for quantifying the liability reduction benefit is pre-
sented. The engineering approach is based on the legal doctrine, the
"Modified Civil Rule'" of drainage prevalent in Colorado.

A literature review of approaches for measuring social and environ-
mental benefits is presented. A great deal of literature is available
but no firm engineering techniques are available yet. It appears easier
at this point in time to provide relative rankings of intangible contri-

butions than to assign monetary values.

xiv



The '"realities'" of implementation are described in the framework

of politics, finance and decision makingwhich the public works manager

must deal with. Without dealing with this framework, no public project

can reach the implementation stage.

The report should be useful to the following groups:

1.

Engineers who are making UDFC project plans or evaluations.
The report should give them specific guidance on the issues
involved and the "how to'' of certain techniques.

Public Works Managers. The report should provide them
specific information on programming UDFC according to a
rational selection process as well as to give them guide-
lines for the political, legal, and financial aspects of
the problem.

Attorneys. The report should give them a background in
the legal issues and provide an introduction to the
engineering-economic aspects of drainage in order that

they might better serve on drainage teams.
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CHAPTER 1

UDFC PROJECT SELECTION AND IMPLEMENTATION PROBLEMS

The primary environmental effect of urbanization is the alteration
of natural drainage patterns. Public works managers, in seeking the
best solution to this problem, have been confronted with twin dilemmas;
first, it is difficult to formulate and select the best alternative
methods to solve these complex problems and next, it is even more
difficult to implement solutions because of legal and financial problems.

This report has one primary objective: To present methodologies
for evaluating the comparative benefits of minor and major urban drainage
and flood control (UDFC) projects. These reflect the latest evaluation
procedures from systems analysis and planning, and related tool areas
such as benefit-cost analysis and environmental impact analysis. The
report has several secondary objectives. To support the methodologies,
detailed information is presented on general economic evaluation of
UDFC projects. Woven into the economic evaluation problem is the need
to define, measure and legally establish the '"benefits'" from UDFC
investments. If this can be properly accomplished, the evaluation and
implementation problems can be more readily handled. The report presents
procedures for accomplishing this.

Specific supportive topics which are covered in the report are:
The legal basis for establishing benefits, including model benefit
legislation; data on measuring benefits; data on determination of

potential damages; and data on establishment of the proper interest rate.

It is hoped that this report will be useful for public works
managers, city officials and consulting engineers seeking to effectively

solve UDFC problems.



Why Evaluate UDFC Projects?

Drainage and flood control improvements provide services to the
people who live in cities. They are part of the urban "infrastructure."
Like other services (police, library, utilities, etc.) they can be
provided only to the extent of the public's willingness to pay. Often
the willingness-to-pay decision is preempted by public officials because
the complex issues of taxation, costs and benefits and levels of ser-
vice are not grasped by the ordinary citizen. The public official
assumes an additional responsibility in this case to ensure the best
investment of funds available.

The problem of evaluating comparative public investments has long
been of concern at the federal, state and local levels. Perhaps the
most famous era of this was during the tenure of Defense Secretary
McNamara, who applied '"cost effectiveness analysis'" to military expendi-
tures. Evaluation techniques such as benefit-cost analysis will in-
creasingly be applied to all kinds of public programs such as automobile
safety and drug control as well as engineering programs [2].*

UDFC really encompasses several services. As pointed out by
Jones [4], the urban drainage system has two components, a m{noa system
which provides for the drainage of frequent runoff events, and a ma.jon
system which accommodates the rarer, more severe events. From this basic
distinction, two basic services are evident for UDFC, a protection from
natural hazards (flood control), and management of urban runoff, (an
environmental management service). The benefits from natural hazard
protection will be clearly distinct from those provided from environ-

mental management.

*References are cited at the end of each chapter.



Environmental management services include management of runoff
quantity and quality. This report is concerned only with management
of runoff quantity but the role of UDFC in quality management must be
recognized. An alarm to this effect, coupled with a recommended plan
for research was sounded in 1968 by an American Society of Civil
Engineers group. Since then a systematic program of research has gone
forward [1].

A basic reason for evaluating UDFC projects is to measure their
actual or potential effectiveness in delivering the desired service.
The measurement of effectiveness is a key element in management control
for all types of urban services and, as the pressure for accountability
increases, accurate goal statements and measurement become more impor-
tant. Reference [5] is a useful recent document on measuring effective-

ness of municipal services.

Types of Evaluation Problems

An UDFC project extends from the first perception of a need
through planning, programming, budgeting, design, construction and
operation. The project will not reach the budgeting stage unless it
satisfies the needs of a group of citizens in a manner to warrant
funding from a limited financial resource base. The project must win
the right to be funded in a complex evaluation process.

To gather information needed for this complex evaluation process
three hierarchies of information are needed:

1. The operational goals and objectives of the UDFC system.

2. The measures of effectiveness for the system.

3. The priorities needed for decision making.



In the analysis of UDFC projects, several distinct evaluation
subproblems appear. They begin with the establishment of objectives
and measures of effectiveness, moving into formulation of alternative
solutions, evaluation and tradeoff analyses, and then to the selection
or decision stage. A useful framework for evaluation and implementa-
tion strategy formulation is the Planning-Programming-Budgeting System
(PPBS), which seeks to tie planning with implementation more closely.

Using PPBS as a framework, the following types of UDFC evaluation
problems are readily apparent:

1. Planning Stage

How to determine the merit of individual projects to
determine if and the conditions under which they should
be implemented. In some cases, projects which passed
evaluation in this stage would be shown on a master
plan. This is sometimes called the program evaluation
study [3].

2. Programming Stage

How to rank competing UDFC projects to determine
priorities, optimum investment timing and desirable
sequences of implementation. These are sometimes
called Anterprogram comparison studies [3].

3. Budgeting Stage

a. How to objectively but competitively display ftotal
public benefits of UDFC projects to ensure adequate
funding for UDFC in the annual budgeting process.

b. How to determine and quantify benefits by incidence

to equitably apportion project costs between and



within public and private entities. The latter are

sometimes called Antergroup comparison studies [3].
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CHAPTER 11

THE GENERAL ECONOMIC EVALUATION PROBLEM FOR UDFC PROJECTS

This chapter presents information on evaluating and implementing
UDFC projects as background material for later chapters which present
direct evaluation techniques. Basically, the evaluation problem for
UDFC is the same as that for general water resources projects, but at
a smaller, more concentrated urban scale. A good reference for economic
evaluation of water resources projects is James and Lee [9]. For the

urban service viewpoint, a good reference is Hirsch' Urban Economic

Analysis [6]. Economic analysis of water projects is a subject which
has received wide attention. Recently, the U. S. Government adopfed a
uniform procedure in their "Principles and Standards for Planning" [14].
A1l of these references are very useful for the general problem. This
report places its focus directly on UDFC specifically.

To many, economic evaluation of water projects means Benefit-Cost
Analysis (BCA). Actually, the state-of-the-art has proceeded far beyond
some of the early procedures of this type.

Benefit-Cost Analysis was mandated by the Flood Control Act of
1936. Since then a number of shortcomings have been identified. An
excellent review of BCA has been published by Prest and Turvey [12]
while Howe [7] and James and Lee [9] demonstrate its application to
water resources problems. Actually, all evaluative techniques are
methods to compare benefits and costs of different policies.

In preparing the "Principles and Standards,'" the U. S. Water Re-
sources Council (WRC) undertook a comprehensive study of planning and
evaluation procedures. The evaluation technique they selected does

7



not display efficiency Benefit-Cost Ratios but presents information in
a set of accounts. Actually, the use of the WRC procedure is a forum 04
BCA in that total benefits and costs are displayed, broken into cate-

gories rather than aggregated together.

Distinction Between Minor and Major UDFC Systems

The difference between minor and major UDFC systems is essentially
the difference between drainage and flood control, or between convenience
and damage prevention systems. The latter distinction becomes somewhat
blurred, however, since minor systems sometimes prevent damage, and
vice-versa.

The difference is also apparent from an engineering formulation of
the UDFC problem. Consider the simple urban catchment shown on Fig-
ure II—1.4 The depth at the gutter flow line can be identified as a
parameter to measure the extent of flooding hazard. This depth can be
entered into a stage-frequency curve as shown on Figure II-2.

The information on Figure II-2 can be converted to a probability
density curve as shown on Figure II-3. Basically, the transformation
required is simply that the return period, T , is the reciprocal of
the exceedance probability P . Then P is simply the area to the
right of any selected point, such as B on Figure II-3.

Figure II1-3 vividly shows the frequent occurrence of minor depths
and the rare occurrence of greater depths. The curve shown is typical
of the skewed distributions to be expected.

Minor flows generally cause inconvenience more than damage, whereas
major flows often cause damage. The objectives of minor and major UDFC
projects may therefore differ accordingly. Since benefits must be

measured in terms of meeting objectives, an attempt to show the spectrum
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of benefits of UDFC is presented on Figure II-4. A key point in the
distinction between benefits of major and minor systems is the fre-
quency of experience; for example, a major runoff project which prevents
damage does not necessarily provide cost effective convenience, or in
fact any convenience at all, because it operates less frequently at

capacity than a smaller system.

State-of-the-Art of Evaluation Capability

Current practice is to design both major and minor UDFC systems
based upon rather arbitrary criteria. This is also the practice for
establishing most types of environmental quality standards. Minor
systems are usually designed for 1 to 10 year frequencies based upon
the discretion of local decision makers (often with millions of dollars
of construction costs at stake). Major systems usually point to the
100-year flow because of federal pressure. This setting of standards
reflects an implicit weighting of benefits and costs, but removes the
flexibility of the planner and the decision maker.

The fixed-effectiveness, minimum cost approach does not always
insure the most cost effective use of the public dollar, particularly
when social, environmental and distributional effects must be considered.
The alternative is to fix cost and maximize effectiveness. This may be
a more economically efficient approach. Practically speaking, the
realities of the land development and public investment processes often
call for a cost minimization approach. The efficiency of this approach
can be enhanced when thadeof4s are carefully considered.

In the budgeting process, urban drainage and flood control may

receive an annual capital budget B according to the perceived needs
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for UDFC expenditures. This will depend somewhat on the manager's
success in the evaluation process described earlier. If the city is
committed to the fixed effectiveness approach (say 10-year design),
then project D, would not begin until sufficient funds are allocated
for D, at the selected effectiveness. Depending on priorities and

1

the sizes of Dl’DZ’ etc., a single project could consume several years'
capital budget while other worthwhile projects go begging. If, however,
the city decides to solve these drainage problems by allocating the
fixed urban drainage budget between the projects; B1 to D1 » By to
DZ’ etc. according to the fixed cost, maximum effectiveness approach,

a greater opportunity for maximum investment effectiveness exists.

James [8] has presented clearly the procedure for considering the level
of protection as a variable in the economic analysis of non-structural

alternatives by minimizing total cost, a process roughly equivalent to

maximizing net benefits.

Evaluation of Major UDFC Projects

In terms of size, the most visible UDFC problems are those associated
with the major drainage system. They sometimes include risk to life,
property damage and other potential severe consequences. For this
reason it is easier to identify the benefits for major UDFC projects
than for minor projects. Since the major category of benefits is
reduction of flood damage, a great deal of useful information already
exists. Flood damage benefits have been analyzed for years by the
federal agencies.

The damage reduction benefit should be regarded as important to

the extent that the damage reduction goal is important, but not more.
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An important consideration is that damage reduction primarily benefits
the few property owners in the flood plain. If the UDFC project is
funded from general taxes, income may be transferred from the taxpayers
to flood plain occupants, creating incentives to occupy the flood plain.

It is suspected that damage reduction has been given priority in
evaluation of UDFC projects because of its visibility. Nevertheless,
the accuracy with which potential damages can be estimated is dependent
on the availability of reliable depth-damage relationships which are
only in an early stage of development.

Table II-1 is a list of UDFC project benefits and costs. Some of
these are indirect or intangible, making them more difficult to consider

quantitatively.

The Problems of Estimating Direct, Indirect and Intangible Benefits

When flooding occurs in urban areas the category of damage normally
reported in the press and therefore receiving most attention, is direct
damage to property. This is, however, only one of the following five
categories of damages:

1. Direct damages

2. Indirect damages

3. Secondary damages
4. Intangible damages
5. Uncertainty damages

A good classification and description of benefit types is in
James and Lee [9], pp. 163-168. Basically, a Direct Benefit accrues
to those who put project outputs to direct use whereas Indirect Bene-
fits are external effects. Secondary Benefits denote value added
through economic linkages. Intangible Benefits are those which cannot

be quantified.



Table II-1. Inventory of Costs and Benefits of UDFC Projects

BENEFITS COSTS

Reduced flood damage to Construction costs

public and private Land acquisition costs
facilities Costs of non-structural programs,
Land value enhancement including flood plain zoning

Evacuation and emergency program

Reduced Liability to up-
stream land owners
Reduction in traffic delays
Reduced income, rental, sales,
and production losses
Reduced cleanup and mainten-
ance costs
Reduced emergency relief costs
Increased possibilities for
recreation opportunities
Reduced inconvenience
Increased sense of security
Alleviation of health hazards
Improved aesthetic environment

Reduced risk to life

costs

Administration costs

Insurance subsidy costs

Increased reconstruction costs
due to the magnitude and
extent of flood damage

Environmental and social costs
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The prevention of potential damage by construction of a project
is a benefit. The prevention of direct damages therefore becomes a
direct benefit. There are, of course, many other types of benefits in
all of the above categories.

Direct damages affect structures and their contents, public
facilities such as roads, utilities, and associated facilities, and
vehicles. Damages to property vary according to the type of property,
it's value, and the cost to restore it to it's original condition.

They are experienced mostly by flood plain occupants. Alternative
drainage management strategies should not be compared under this
benefit definition alone unless an incidence analysis is also made.
The incidence analysis will indicate the most economical alternative
from the points of view of the various subgroups concerned and the
extent of any potential payment transfer will be identified.

Estimation of the total flood damage is a difficult process
because usable data are not available for estimating flood damage for
commercial and industrial establishments and for estimating damage for
all categories due to the velocity of flow. Appendix B provides further
details on this.

The inventory of benefits presented in Table II-1 includes re-
duced risk to life. Quantification of this benefit requires estimation
of the value (or damage due to loss) of a human life and the probability
of such loss for given floods. Placing a dollar value or the value of
life is a controversial concept, although the judicial system of this
country does it frequently, principally in automobile accidents and
negligence disputes. There does not appear to be a compelling reason
to include such benefits directly in UDFC evaluations at the present

time.
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Land value enhancement benefits, where applicable, can be esti-
mated by considering the increased value that land will have when pro-
vided with adequate UDFC facilities. Also, when a project allows the
reclamation of flood prone land, the land value may increase. Such
an increase benefits the property owner. If the land is public and if
the reclamation provides the potential for open space recreation, the
benefit accrues to the general public. There is great interest today
in providing this type of benefit to the public.

Indirect benefits consider items such as: Reduction of lost
business and services, elimination of the cost of alleviating hard-
ship, safeguarding health and traffic disruption. Identification of
the above indirect benefits is very difficult and estimation of them
is usually made by taking percentages of direct damage reduction bene-
fits. Data for estimating indirect damages are not as readily available
as for direct benefits. One set of estimates which was used in a study
by the Corps of Engineers is as follows: [3]

1. Residential - 15%

2. Commercial - 35%

3. Industrial - 45%

4. Utilities - 10%

5. Public facilities - 34%

6. Agriculture - 10%

7. Highways - 25%

8. Railroads - 23%
These benefits are computed as a percentage of direct benefits. 1In
other words, in a residential area, direct benefits are increased 15%

to account for indirect benefits.
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Secondary damages may occur when the eéonomic loss caused by
flooding extends farther than the losses to those whose property is
directly damaged. For example, people who depend on output produced
by damaged property or by hindered services may feel adverse affects.
Secondary benefits would result if the secondary damages were reduced
by implementation of an UDFC project. Other secondary benefits in-
clude the generation of work in an area due to construction of the
proposed UDFC project. Secondary benefits are generally considered to
be outside the scope of UDFC project evaluation because of their com-
plex nature.

With the recent issuance of the Water Resources Council '"Principles
and Standards for Water Resources Planning" intangible costs and bene-
fits have received greater attention [14]. Among the categories of
intangible damages and benefits are environmental quality, social well-
being and aesthetic values. It is not presently feasible to estimate
monetary values of intangible damages and benefits, but they should
be considered as part of the analysis for project selection. There
are several research projects underway which intend to present methods
of quantifying intangibles but reliable, consensus procedures are not
anticipated within the near future. These are described further in
Chapter VII.

Estimation of recreational benefits is at a different stage than
estimation of damage reduction benefits. The empirical data base is
weaker and unknown elasticities of the demand functions introduce a
large uncertainty into their use. There does exist an abundance of litera-
ture on this topic, however. A recent comprehensive work is by

Knetsch [10].
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One of the difficulties inherent in considering intangible costs
and benefits in evaluation of small UDFC projects is that the cost of
analysis may be excessive. Some of the rather experimental techniques
or subjective techniques are better left out of small project evalua-
tion studies. Some recent promising approaches which might be appli-
cable to large projects, particularly those with multipurpose components,
have been reported, however. According to this research, it was con-
cluded that aesthetic and recreational benefits are neither intangible
nor insignificant. Furthermore, they concluded that ultimately, increase
in real estate value near urban water projects can be shown to measure
these benefits. These techniques remain to be tested further but they
do show promise for improvement in the assessment of benefits [2].

The occupants of flood hazard areas suffer a hardship because of
the ever present uncertainty of when the next flood will occur and how
serious it will be. People are willing to pay annual insurance pre-
miums exceeding their expected annual losses to avoid financial disaster
or even the financial inconvenience of irregular budgeting. The excess
premium amounts to an uncerfainty damage, elimination of which would
become a benefit. The calculation of this sense of security benefit
is not straightforward and requires a study of practices in insurance
buying within the study area. This type of benefit is not usually
included in evaluation of UDFC projects but can be included with the
intangibles.

The value of intangible benefits may be stressed in the narrative
portion of the engineer's report. Once enumerated, proper evaluation
of them can be made by the decision making body. Such benefits may be

useful for distinguishing between closely ranked alternatives.
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Implementation

Implementation is the most crucial phase of an UDFC project. With-
out the necessary approvals and funds, all of the planning, engineering
and economic analysis is in vain. This point is well known in public
works circles, especially regarding drainage problems. To illustrate
the importance of implementation, over half of the recommendations in
the well known APWA drainage study of 1966 were for more work on imple-
mentation and financing [11].

Earlier in this report the point was made that benefits of UDFC
projects must be identified, displayed and championed by public works
managers during the programming and budgeting processes. It is during
these phases that methods of finance (and thus implementation) must be
developed.

There is rather sparse literature on financing problems of UDFC
systems. A recent WRC publication covered some state ordinances on
selected financing techniques [13]. There is some literature on special
assessments [1,4], but very little in the way of overview documents on
this subject. There does, of course, exist a well developed literature
on the subject of public finance at the federal, state and local level.
This is a separately identified discipline within the economics/public

administration disciplines.
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CHAPTER III

MEASURING THE TANGIBLE "BENEFITS'' OF UDFC PROJECTS

Benefits from programs must be measured in terms of the objectives
of the program. In planning, one normally seeks to identify the pro-
grams or projects that 'best" meet a given set of objectives. In order
to rank programs by this criteria, 4ndicatorns are needed to measure
the extent to which programs meet different objectives. These indi-
cators can, in turn, be used to indicate the degree of benefit or cost
to the parties affected by the program. The use of indicators leads
directly into a need for different types of measurement scafes which

must be properly used.

Objectives of UDFC

The operational objectives of UDFC are traditionally considered to
be as shown in Table ITI-1. Some of these objectives are interdependent,
of course, and there are many other ways in which they can be classified.
For the analyst, the best classification scheme would be the one that
most facilitated the measurement of benefits.

When the objectives given above are reached, they become benef.its
and it becomes necessary to determine who they impact on for assessment

studies.

Indicators of UDFC Benefits

The perception of many urban managers and residents is that the
primary benefit from UDFC is the prevention of flood damage and/or in-

convenience. This explains the emphasis on the traditional fetwin

23
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Table III-1. Operational Objectives of UDFC Systems

Protection Objectives

a. To minimize property damage from all types of flooding

h. To eliminate loss of life due to flooding

¢. To alleviate health hazards from water hazards caused by
unsanitary conditions

d. To reduce traffic accident hazards due to street flooding

Economic Objectives Other Than Reduction in Property Damage

a. To enhance neighborhood land values by improving the urban
environment

b. To reduce street maintenance costs by prevention of runoff
damage

c. To reduce liability of property owners and land developers

associated with runoff-producing land development

Amenity Objectives

a. To improve the visual and aesthetic impact of the urban
environment

b. To provide recreational opportunities where possible

c. To make urban life more convenient by the reduction of
delays and other inconveniences associated with drainage

problems .
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pesiod for project design, an indicator of risk involved. This ignores
the fact that many important benefits are not primarily related to
return period.

The realization of the objectives listed in Table III-1 are
usually measured as shown in Table III-2.

Some of these measurement parameters are more amenable to quanti-
fication than others. Needless to say, the literature on economic
evaluation of flood control alternatives has traditionally concentrated
on those parameters which can be directly quantified, mostly on flood
damage reduction.

Property Damage: Although economic analysis of flood control alter-

natives has traditionally relied on damage reduction as a primary bene-
fit, quantification of potential damages is far from an exact science;
in fact it requires considerable guesswork. The state-of-the-art of
estimating flood damage in urban areas is given in Reference [5] where
the authors showed the uncertainty involved in estimating even direct
damages, not to mention indirect, secondary, intangible and other types
of damages. Nevertheless, many analysts would agree that the measure-
ment of potential flood damages is a widely practiced technique in the
profession.

Other Protective Benefits: Because of transactions of the insurance

industry it is possible to assign a dollar value to human life for the
purpose of an economic analysis [3]. This is a rather strange procedure
from the social accounting viewpoint because, even though monetary

transfers accompany a death, they do not really measure the vafue to
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Table I1I-2. Measures of UDFC Benefits

Protective
Minimize Property Damage Average Annual Propert& Damage
Eliminate Life Loss Expected Loss of Lives
Alleviation of Health Hazards Absence of Hazards
Reduction of Traffic Hazards Presence (Absence) of Hazards

Other Economic

Improve Land Values Measured Land Values
Reduction in Maintenance Expected Maintenance Budget
Reduction in Liability Presence (Absence) of Potential
Liability
Amenity
Aesthetic Improvements Scale of Aesthetic Value
Recreational Quantity of Recreational Opportunities

Convenience Travel Time, Cleaning Bills, etc.
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the family of the deceased of his life, nor do they necessarily have
any relation to the value society would place on the potential pro-
duction of the deceased. The saving lives benefit moreover probably
represents either a minor benefit or one which will unnecessarily bias
an analysis. Such assignments of value at the present time therefore
can be viewed as surrogate measures which probably should not be
directly considered in the economic analysis of UDFC alternatives.

The recent economic literature on air and water pollution contains
some clues as to the potential for quantification of health hazard
reduction benefits. The emphasis so far has been on national scale
programs which seek to clean up contaminated air and water. Pre-
sumably, such programs might result in quantifiable reductions in
hospital costs, work absences and other measures of changes in public
health. It would not appear that microscale measurements could be
made of this effect as it might result from a single UDFC project.

The elimination of traffic hazards would appear to be a quantifiable
benefit from the statistical standpoint. In the literature of trans-
portation economics, aggregate reductions in traffic accidents will
follow an improvement in roadway conditions or other positive safety
changes, such as the imposition of a 55 mile per hour speed limit.
Normally, the data upon which to base such estimates would not be
available but such measurement should be, in theory, possible.

Other Economic Benefits: There exists substantial literature

on the economics of land values. Lands which can produce a greater
economic #1ent is basically a function of the land value. The para-
meters that determine land value have sometimes been taken to be:

accessibility to economic activities, the availability of utility
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services, zoning, amenities, and certain cultural features (see for
example, [2,10]). While no substantial empirical data exists demon-
strating increases in land value after construction of UDFC projects,
the suggestion of Brigham [2] could be followed whereby local brokers
could serve as a panel of experts providing estimates of such increases.
Such increases would be highly site specific and these opinions could
not serve to provide generalized estimating curves, but they could be
useful in certain cases. Soule and Vaughan [8] suggest that the in-
crease in value of land after flood protection is provided exceeds the
amount of the damage itself because of new willingness to use the land.

The question of street maintenance is an important one for the
public works manager concerned with drainage. Problems such as under-
cutting, erosion and freezing and thawing can be mitigated by proper
drainage systems. Since maintenance costs are ultimately borne by the
public from the general tax fund, reductions are clearly financial
benefits. It would appear that the best method to estimate these
benefits would be to secure unbiased estimates of street maintenance
schedules with and without drainage.

Another type of economic benefit is associated with the development
of land that lies at the upper end of drainage basins. Under certain
types of drainage law, the upper land owner is entitled to improve his
land but not to increase the runoff hazard or burden imposed on lower
lands. When upper land develops, increasing the impervious area,lthere
may be created a simultaneous liability, associated with the flood risk
to downstream properties. The removal of this liability thus becomes
a benefit credited to the project under study. To this important ques-

tion we will return later.
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Amenity Benefits: One of the most obvious amenity benefits

associated with UDFC is the aesthetic or visual benefit produced when
open space is provided or enhanced as part of an UDFC project. The
value of the aesthetic improvement is clearly an intangible quantity,
not readily measurable in dollar terms except as an increase in land
value, described elsewhere. Some literature has recently appeared
which offers ordinal ranking schemes for different types of streams
or water courses. Chapter VII deals further with this question. This
type of information serves to guide the planner or designer in the
selection of UDFC schemes but could not currently be used to reliably
value benefits from alternative projects.

Recreational benefits from UDFC projects are more easily quantified
due to substantial literature emerging over the past fifteen years.
Much of the literature has arisen as a result of the need to evaluate
larger water resources projects and, although there are many uncertain-
ties in this type of approach, a firm precedent does exist for quanti-
fying.recreational benefits. An excellent starting point in this litera-
ture is Knetsch [6].

Although convenience benefits have not been quantified to the
extent recreational benefits have, a basis for such quantification exists
in the travel time due to certain UDFC projects can be theoretically

determined, and dollar benefits thereby assigned.

UDFC Beneficiaries

It is important to distinguish between recipients of UDFC benefits.
As the economists point out, some public benefits impact more on property
while others impact more on residents, indirectly appearing as benefits

to property. Some benefits are experienced frequently, others only
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rarely. As an example, property damage reduction from UDFC may only
occur once in twenty-five years while convenience may be provided
from the same system twenty-five times per year. These differences
should show up in the measures of UDFC benefits.

Using the above considerations, benefits can be claésified in
terms of incidence as shown in Table III-3,

Using this classification scheme, benefits are separated in such
a manner that more easily measured financial benefits are distinguished
from the others. The latter benefits are not only more difficult to
measure but are diffused over a number of persons and not easily

separable.

Identification of Beneficiaries

In the 1936 U. S. Flood Control Act, Congress directed federal
agencies to justify flood control projects by insuring that benefits
were greater than costs regardless of "whomsoever“ they accrued to.
This does not help the analyst, however, when he seeks to apportion
costs. Table III-3 essentially identifies beneficiaries in such a
manner that specigl benefits can be distinguished from general benefits.
To insure that total benefits exceed total costs, all benefits should
be counted. To assess costs directly, however, the special benefits
need to be identified separately. These are portions of the property
damage, the reduction in liability and improved land values. This
leads into a natural classification as given in Table III-4,

If all of the benefits shown in Table III-4 could be quantified
in consistent units, the assessment procedure would be rather straight-

forward.
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Table I1I-3. Incidence of UDFC Benefits

Benefit ReciEient
FINANCIAL BENEFITS

Property Damage Reduction

Residential ‘ Homeowner

Commercial, Industrial Business

Public (streets, channels, etc.) Public
Reduction in Maintenance Public
Reduction in Liability Property Owner or Developer
Improved Land Values Property Owner

OTHER BENEFITS

Prevention of Life Loss Primarily local residents
and property owners but also
Alleviation of Health Hazard citizens using the area or

traveling through.
Reduction of Traffic Hazards

Aesthetic Improvement
Recreational

Convenience
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Table II11-4. Classification of UDFC Benefits

GENERAL BENEFITS

Reduction of Damage to Public Property

Reduction of Drainage Induced Maintenance Problems
Prevention of Life Loss

Alleviation of Health Hazards

Aesthetic Improvements

Provision of Recreational Opportunities

Improved Public Convenience

SPECIAL BENEFITS

Reduction of Damage to Private Property
Reduction of Drainage Liability Caused by Property Development

Improved Land Values
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1. Determine total benefits in dollar terms

2. Distribute benefits to
a. Public Sector
b. Private Sector

3. Assess Public Sector from General Fund

4. Apportion Private Sector Costs fairly across benefi-
ciaries

Unfortunately, all of these benefits cannot be quantified in
consistent dollar terms. The special benefits can, however, be more

readily quantified than the general benefits.

Estimating Special Benefits

The three categories of special benefits shown on Table III-4 are
interrelated. Property damage potential is precisely the hazard that
Creates a liability for upper land owners. Improved land values are
partially the result of removing the damage hazard.

The property owners of interest here should be identified as Alparian,
meaning those properties adjacent to some route of drainage waters; and
uppenr, meaning those properties generally located away from any such
drainage course. Obviously riparian owners stand to benefit principally
from damage reduction and property value improvement whereas upper land
owners will benefit from reduction in liability.

To further describe the estimation of special benefits, it is
necessary to have a classification of drainage basins to refer to. A
convenient method to classify urban drainage basins is into three cate-=
gories, by size as shown on Figure III-1. The drainage basin is a well-

defined watershed draining through an urban area.
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It is divided into caftchments which are watersheds having defined outfall
points on major receiving waters (lakes, rivers, oceaﬁs, etc.) within

or bounding the urban area. These are, in turn, divided into subcatch-
ments which are smaller watersheds generally of the subdivision or
neighborhood scale. The subcatchment is a small enough unit so that it
alone generally would not require a drainage conduit larger than, say

30 inches. The subcatechment thus will be on the order of 0-200 acres;
and the catchment on the order of 200-1000 acres; and the drainage

basin on the order of several square miles or more.

The distinction of basin sizes is important for the definition of
benefits. For example, Bullock classifies drainage lines into the
categories of lateral, collector, trunk and interceptor sizes, these
being related to the extent of local or general need [4]. These corres-

pond roughly to the classification above as follows:

Bullock
Classification This Report Basin Size
Lateral Subcatchment Few Blocks
Collector Subcatchment Up to about 0.25 Square Miles
Trunk Catchment Several Square Miles
Interceptor Drainage Basin Entire Segments of City

In Figure III-1, the riparian and upper owners can readily be
identified according to location. For example, owners in the upper

part of subcatchment S, are clearly "upper' whereas those in the

3
damage center shown are "riparian."
The question of variation of catchment size is discussed in an

ASCE publication (see [9]). They show that for four distinctly

different cities (San Francisco, Washington, Milwaukee and Houston),
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the median size of sewered catchments is 560, 375, 95 and 65 acres

respectively.

Impact of Property Development on UDFC System: The development of

property has substantial impact on the hydrological regime of a
natural drainage basin. At the subcatchment level, the impact creates
a need for UDFC collection and transmission facilities to convey
stormwater to an outfall point. At the catchment level, a number of
subcatchments drain together into a regional collection/transmission
system which serves an entire drainage basin. The drainage basin
would be eventually tributary to a readily identifiable stream.

In the urbanization process, the chief hydrological impact is the
paving over of the natural soil cover, rendering it impervious. This
naturally produces increased runoff from any given storm and urbani-
zation therefore may require the establishment of an UDFC system to
handle the additional runoff. If the system is not provided there
will be adverse effects such as damage or disruption, resulting in
a cost to be borne by some party involved. If the system is pro-
vided, it must be paid for and the cost must be somehow shared by
the parties benefiting. The UDFC system does not, of course, have
to be just regular storm sewers. Other innovative solutions are
possible.

The financial impact of urbanization therefore falls on either the
damaged parties or the parties paying for the UDFC systems installed.
Every scheme for providing UDFC has significant implications for the
incidence of the burden of the costs on the different parties.

The benef.its received by property owners are related to the impact
of property development on the natural hydrological regime of a basin.

Unless this impact is countered with an effective UDFC strategy it



will be detrimental to someone's property and/or public facilities
such as the existing drainage channel network.

The most direct way to describe the hydrological impact of urbani-
zation is to view a natural catchment from its virgin condition to
full urbanization, with a variety of land uses. Consider Figure III-1
which shows such a catchment, divided into subcatchments. A system was
established to number reaches OA, AB, BC, etc., and subcatchments

S. §,,...,S

1 72 16

Under the Modified Civil Rule type of drainage law, upper land
owners are generally considered to have a drainage easement equivalent
to the needs of the natural channels below their property. Their
liability for handling drainage begins when they increase the drainage
by virtue of increasing the impervious cover of their property. For
more details on this, see Shoemaker [7]. The legal basis for this
liability is still being established.

From Figure III-1, an example would be that Subcatchment S12 would
be entitled to drain its natural flow through reaches CB, BA and AO
(and possibly further), but not to discharge additional flows without
incurring a liability. The extent of this liability should be related
to the potential damages caused by the added flow.

Determination of a Liability Benefit: Consider that in each reach

Rj (j=1 is reach OA; j=2 is reach AB, etc.), there will be a damage
center upon full development. Such a center is shown in reach BC on
Figure III-1. The magnitude of potential damages there depends on the
assumption of future development and the increased magnitude of

developed flows. As an upper bound case, consider that full develop-

ment is allowed to the edge of the virgin flood plain for a 1G0-year
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event, the type of development dependent on local zoning and land use
plans. Such a situation is shown on Figure III-2. Damage-frequency

relationshipé for any reach can be established as shown on Figure III-3.

The area under any of these curves is the average annual damage which
we will call Dj for reach j . In Figure ITII-3, the difference in

the developed and virgin cases is the added average annual damage, ADj ,

for reach Rj

The 1liability for the added damages ADj in any reach Rj would

be shared by those owners above Rj , to the extent that they increase
discharges above the virgin case. A measure of this increase is the
added average annual peak flow AQi for any subcatchment Si . This
increment of added flow can be calculated for Si from a flow-frequency
relation such as shown in Figure I1I-4. The added average annual dis-
charge, AQi , is the difference in area between the two curves.

It is necessary to specify where.a subcatchment is considered to
discharge to the stream. This would ordinarily be determined from a
drainage master plan. For the purpose of this discussion, consider
this point to be at the downstream end of the subcatchments. Using
this convention, it is then possible to establish, for each reach,
which subcatchments contribute to it, and for each subcatchment,
which reaches it drains through.

The damage increment in any reach Rj can be spread over the

flow contributions by the relationship
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where UDj = damage in Rj per unit of flow increment; SO = the first
subcatchment tributary to Rj and Sm = the last.v
For any subcatchment Sk , the liability incurred in reach j 1is,

therefore,
ij = UDj(AQk)

where ij = the liability of subcatchment k in reach j . The

total liability for any subcatchment k thus becomes

L, =8 1 S

The determination of the function AQi is subject to a great
deal of engineering judgment and controversy. It is commonly accepted
in urban hydrological practice that the chief determinant of the flow
increment AQ is the increase in impervious cover. Call UA; the
impervious area of a subcatchment after urbanization (after U, the
urbanization factor or percent impervious and A , the basin area).

A surrogate relative measure for AQi is therefore UAi and little
difference should result in the calculation of Lk . No hydrological
estimates are required, however, and the liability can be directly

computed as
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It should be noted that the use of AUAi as a measure of AQi elimin-
ates any mcasure of drainage planning. The use of on-site detention
storage, for example, would be reflected in AQi but not AUAi

Determination of Damage Reduction Benefit: In the previous

section a procedure for determining the liability was presented. The
benefit so determined, when summed over the entire catchment, should
exactly equal the total incremental damages in the basin caused by
future development. The riparian owners receive the damage removal
benefits, again equal in total to the entire catchment incremental
damages. A method is needed to apportion total damage reduction bene-
fits among the flood plain occupants. This information can later be
used to assess project costs.

A suggested method for damage apportionment is as follows,
consider the basin whose tributary area is being developed. We speak
of the present and future flood plains as being the areas inundated
(for a selected return period storm) under present and future tri-

butary basin conditions. Such flood plains are shown in Figure III-5.

To apportion damage reduction for such a case, three damage fre-
quency curves are necessary. Figure III-€ shows these as being that
for full tributary basin development, that for present conditions
and that for the case where some flood control measure has been taken.
Letting the areas under these three curves respectively be FD, PRE
and MEA , the following relations apply:

Full Damage Potential = FD = Present Damage + Liability
Liability = FD - PRE
Present Damage = PRE

Residual Damage after Measure = MEA
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Total Benefits = FD - MEA

. ; FD - PRE
Liability Benefits = (FD - MEA)G——ﬁﬁ————J

PRE

Riparian Benefits = (FD - MEA)(firﬂ

Increase in Property Value: This is a complex benefit strongly

dependent on specific locations and projects. Such increases can
result from clear causes such as adaptability to higher uses (say

from removal of the property from the flood plain), to more intangible
cases where value increases because of greater amenities. Certainly
the value of riparian property should increase due to the removal of

a flood hazard.

Although this benefit is not simple to measure it appears that the
best general rule would be to assemble a panel of appraisers and have
them estimate the value increase, property-by-property to establish
the benefit. This method would be subjective and subject to debate
but, in the absence of just the right kind of market transfer data,

no other approach would appear feasible.



10.

45

CHAPTER II1 REFERENCES

Berger, Louis, Inc., '"Methodology to Evaluate Socio-Economic
Benefits of Urban Water Resources,'" OWRR Report, June 30,
1974.

Brigham, E. F., "The Determinants of Residential Land Values,"
Land Economics, November 1965.

Buehler, R., "Monetary Value of Life and Health,'" Journal of the
the Hydraulics Division, ASCE, January 1975.

Bullock, R. A., "A Rationale for Use of the Special Assessment
in Financing Storm Drain Improvements," M.S. Thesis, Univer-
sity of Pittsburgh, Public Works Center, 1970.

Grigg, N. S. and O. J. Helweg, '"State-of-the-Art of Estimating
Flood Damage in Urban Areas,' Water Resources Bulletin,
February 1975.

Knetsch, J. L., Outdoor Recreation and Water Resources Planning,
AGU Water Resources Monograph No. 3, Washington, D. C., 1974.

Shoemaker, W. J., "An Engineering-Legal Solution to Urban Drainage
Projects?,'" Denver Law Journal, 1974.

Soule, D. M. and C. M. Vaughan, "Flood Protection Benefits as
Reflected in Property Value Changes,' Water Resources
Bulletin, October 1973.

Tucker, L. S., '"Sewered Drainage Catchments in Major Cities,"
ASCE Urban Water Program, TM #10, March 1969.

Weiss, S. F., "Land Value and Land Development Influence Factors:
An Analytical Approach for Examining Policy Alternatives,"
Land Economics, May 1966.







CHAP1ER 1V

EVALUATING MINOR UDFC SYSTEMS

As pointed out in Chapter II, the benefits from '"minor'" UDFC
projects are mostly intangible, compared to ''major' projects, where
more flood damage mitigation might be expected, and where the possi-
bility for multiple use projects with open space, recreation and the
like exists. Faced with this difference, the engineer evaluating such
minor projects lacks a simple tool like benefit-cost analysis upon
which to base an analysis.

The problem is resolved if minor UDFC is considered a necessary
service, to be provided in urban areas for much the same reasons that
sanitary sewerage is provided. In fact, the benefits are very similar;
convenience, sanitation and alleviation of health hazards in general.

Sanitary sewers are considered of higher priority than storm
sewers because they meet a more urgent human need. By the same token,
storm sewers might in some areas rate a higher priority than, say
added community recreational facilities. We can empirically observe
that the urgency of storm sewers is directly related to the level of
nuisance and frequency of inconvenience experienced when they are absent.

Urban services such as those just described are not easy to justify
using BCA; the benefits are not simple to quantify. These services
are usually evaluated politically or by a community's willingness to
pay, the latter being interpreted by the political judgment in the former
case as well.

Although we cannot remove the political dimension from the evalua-

tion of minor storm drainage, we can still apply evaluative economics

47
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to the selection of a best plan. It appears useless, however, at the
present time to try to place dollar values on benefits such as conven-
ience which result from drainage. In the first place, it is expensive
to attempt such analyses because it adds considerably to the time
required. Secondly, the results would lack any real meaning because
of the completely subjective judgments involved. Actually, political
judgments of desirable design frequencies can be useful and quick judg-
ments of the value of such benefits.
The systems approach, a rational procedure for decision making,
normally has the following steps:
1. Identification of problem
2. Establishment of goals and objectives
3. Specification of measures of effectiveness
4. Formulation of alternative solutions
5. Evaluation of alternative solutions
6. Selection of Best Alternative
In drainage work, it is best to work from a Master Plan. To prepare
the Master Plan the engineer must follow the steps outlined above. His
procedure will vary from case to case because he will be dealing with
varying situations. Taking an average situation, however, he might
follow the above sequence as follows:
Problem identification: Provide adequate drainage to a specified
corporate area.
Solution:
1. Objectives. We can either select the procedure of fixed
cost, maximum effectiveness; or fixed effectiveness, minimum

cost. Let's say we are using the latter. We might then adopt
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legislated design standards such as the 2Z-year, 5-year, etc.
This is frequently the approach adopted. A more realistic
approach for implementation, however, is to adopt the more
flexible approach where varying design standards can be con-
sidefed, subject to fixed cost constraints. To illustrate
how this might help, consider the case where a budget of
$15,000 is available to solve a drainage problem which is
estimated to require $25,000 at the predetermined design
standards. By adopting flexible effectiveness criteria,

the manager retains his option to maximize returns on his
financial investment by investing less than $25,000 in this
particular project.

Measures. All of the measures of effectiveness and ob-
jectives should be, of course, considered. Traditionally,
the design return period and the cost of the system have
been the criteria selected. They become thus surrogate,
for the benefits of convenience, sanitation, etc.

Alternatives. The formulation of alternative solutions,

as usual, relies on engineering experience to determine
which of the possible solutions are feasible and likely

to be promising when subjected to analysis.

Evaluation. At this point, the variable effectiveness
question must be faced. In drainage master planning, many
engineering reports have been prepared with a single fre-
quency in mind. Consequently, the plan comes in with only
one choice and one price tag. In considering variable

effectiveness, one pfan can be selected, but it must be
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presented for various Levels of effectiveness. In effect,
for each subsystem, a cost function rather than just a
cost must be presented.

Example:

As an example, for Master Planning, consider the following case

problem. Four drainage basins containing a populace of 68,000

persons are to be provided with drainage facilities. A concep-

tual city map is as shown in Figure IV-1. As usual, the cor-
porate limits do not exactly coincide with the basin boundaries.

According to the previous steps, it is desirable to prepare a

Master Drainage Plan for the four basins shown.

1. For objfectives, let us consider systems of variable
effectiveness. The measures of effectiveness adopted will
thus be a level of effectiveness and cost.

2. The alternatives formulated are all feasible drainage
schemes for each basin. Typical schemes will involve com-
binations of pipes, swales, ponds, gutters, channels, etc.
For each fLevel of effectiveness, the lowest cost solution
is sought. Table IV-1 shows this part of the analysis.

Note that the analysis shows the lowest cost alternative
for each basin, for each return period (level of effective-
ness). Plotting up the results on Figure IV-2, we get the
Basin A cost function. Note that this function provides
the lowest cost method to achieve each level of effectiveness.

3. Selection of an alternative plan for the basin implies that

a certain funding will be provided. On the other hand, if
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Table IV-1. Development of Basin Cost Functions

BASIN A
EFFECTIVENESS COST
LEVEL ALTERNATIVE ($/ACRE)
1 year a 1630
b 1750
c 1500
d 2000
2 year a 2300
b 1845
c 1910
d 2100
5 year a 2430
b 2450
c 2700
d 2600
10 year a 3080
b 3200
c 3150
d 3000
25 year a 4400
b 4350
c 3930
d 4000
100 year a 5970
b 6500
c 6450
d 6300
BASINS B, C, D
Same Procedure
Code: ALTERNATIVE DESCRIPTION
a Pipes Only
b Pipes and Detention Ponds
c Pipes, Open Channel and Ponds Mix
d All Open Channel
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the master plan is drawn in such a manner to reflect the
nange of possibilities (the cost function), then the level
of effectiveness selected becomes a function of the funds
available. Certain constraints must be considered, of course,
and there is no doubt a minimum acceptable level of effective-
ness.

4. The completed Master Plan can thus be prepared to show the
best way to drain basins A, B, C and D for different levels
of effectiveness. It would not fix the design frequency, but

presents alternatives.

Considering Tradeoffs

An examination of Figure IV-2 demonstrates a simple fact. The
greater the capacity of the drainage, the more it costs. But what is
the optimum effectiveness level to select? This is a problem of political
economics and is solved by a decision to invest x dollars in drainage.
The public works manager can affect the magnitude of x by arguing
eloquently for drainage investments as opposed to, say, greater invest-
ment in streets. Assuming that a decision has been made to provide
drainage at a capital budget level of x/T , for T years, where T
is the allowable development period, then each year x/T can be spent
for storm drainage construction. Further, assuming no inflation
or debt service costs, let us now see how the total x dollars can be
"'optimally' allocated over the storm drainage required.

Example Continued:

Consider that for drainage basins A, B, C and D a total
sum of x = $3,000,000 is made available. This political

decision, in a simple form, might reflect a direct decision
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by a governing council to allocafé this éum to drainaée.

Rarely are decisions made this directly, of course. If T

is chosen as 6 years, then x/T = $500,000 is the yearly

available storm drainage budget.

Figure IV-3 shows the total cost functions for basins A, B, C
and D. From this figure alternative ways to allocate the $3,000,000
can readily be seen. Four examples are given in Table IV-2. These
alternatives, although simply presented, demonstrate that there are
alternative ways to spread storm drainage funds over competing projects
in a systematic fashion.

The next step would be to find that combination of investments
that would maximize benefits, or total effectiveness, of the total sum
invested. Unfortunately, there is no current or likely future practical
method to assign realistic dollar benefits to the kind of intangible
benefits provided for the minor convenience storm drainage system.
Consider that the City has decided that the following target storm

drainage design figures are desirable:

TARGET
BASIN -~ DESIGN (YEARS)
A 5
B 5
C 5
D 25

They further state that the optimal way to allocate the $3,000,000
in storm drainage is to provide the highest level of service to all
basins, assigning penalty functions to failure to meet target levels

as follows: For each resident in a zone, the failure to supply drain-
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Table IV-2. Alternative Allocations of Storm Drainage Budget
ALTERNATIVES
1 2 3 4
LEVEL COST LEVEL COST LEVEL COST LEVEL COST
BASIN A | 1.5 1.27M 1 1.13M 1 1.13M | 2.4 1.46M
B | 1.5 .90 1 .80 2 .98 1 .80
C |1.5 .34 1 .30 2 .37 1 .30
D | 1.5 .49 6.5 .77 1.8 .52 1 .44
TOTAL 3.00M 3.00M 3.00M 3.00M
NOTE: LEVEL = Return Period

M = Millions of Dollars

age is assessed a penalty of one point per person, per year of return

period short of the target level. Now the data on Table IV-2 can be

developed further as shown in Table IV-3. This shows that the best of

the alternatives considered is No. 4 which throws most of the resources

into Basin A, where most of the people are. Not shown on Table IV-2
or IV-3 is another alternative which turns out much better, as shown

below:

BASIN DESIGN COST PENALTY
A 5 1.72 0

B 2 .98 48,000

C 1 .30 24,000

D 0 0 225,000

3.00 297,000



Table IV-3. Penalty Function Calculations
ALTERNATIVE
1 3
BASIN SIZE DENSITY POP  TARGET PEN PEN | DES PEN | DES PEN
A 750 50 37500 5 131250 150000 } 1 150000 2.4 97500
B 800 20 16000 5 56000 64000 | 2 48000 | 1 64000
C 600 10 6000 5 21000 45000 | 2 180004 2 24000
D 450 20 9000 25 211500 166500 1.8 208800} 1 216000
5255' 68000 419750 404500 424800 401500

8S
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This alternative violates the constraint that some drainage must be
supplied to each basin; perhaps an unacceptable strategy. These methods
are simply quantitative means to tradeoff possibilities searching for
an optimum way to allocate resources. There is nothing magic in them
but they do demonstrate that the analysis need not be limited to guess-
work.

The material presented in this chapter has demonstrated some poten-
tial simple techniques for evaluating minor system plans to select a
"best" plan. The criteria for selection was somewhat subjective and
depended on the arbitrary set "target levels.'' These are values set
by the decision making group. The analysis presented gives the planner

a capability to demonstrate the effects of many investment alternatives.



CHAPTER V

EVALUATING MAJOR UDFC SYSTEMS

The "major' UDFC project can be a large financial investment,
running into millions of dollars. In many cases, however, the term
"major" connotates only that the design is for a flood with an infre-
quent recurrence interval, and not necessarily that the scale of the
project is large. The methods presented in this chapter apply to all
sizes of major UDFC projects but should be especially useful for cases
where the analyst needs simple, straightforward techniques.

More than the "minor'" UDFC system, the major system can be expected
to satisfy multiple objectives, including provision of open space and
recreational opportunities, as well as mitigation of flood damages.

Its evaluation should therefore be carried out using multiobjective
techniques. Many such techniques have been developed (see Reference
[2,4]). By and large, these techniques are complex, requiring considerable
effort and expertise to apply, perhaps more than is called for by the
normal major UDFC system. For this reason, a simple technique is

required that can be readily adapted for use by engineers lacking the
specific training required to apply complex methods.

The basic need when evaluating multipurpose systems, is to consider
how much each alternative project contributes toward meeting each ob-
jective. Then a method is needed to evaluate how these contributions
(called 'benefits') impact on different groups of persons concerned

with the problem (the incidence analysis).
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Approaches to Evaluation

One technique for displaying these contributions toward the different
objectives is the set of "accounts' used by the Water Resources Council.
Another is the '"Matrix" approach which is popular with transportation
planners. In the matrix approach, the benefits are simply listed by
category and project, in a table. For example, the following table

might result from a flood control reservoir study:

Table V-1. Matrix of Flood Control Project Benefits

BJECTIVE | FLOOD RECREATION | VISUAL NE I GHBORHOOD
ALTERNA- CONTROL IMPAcg DEVELOPMgNT
TIVE PROJECT (max 10) (max 10)

A $23,000 $ 6,000 4 6

B 18,000 12,000 6 8

C 32,000 8,000 3 2

D 6,000 14,000 9 6

In this table, some of the benefits are given dollar values and others
only assigned numerical values on an ordinal scale. This is because
the benefits are noncommensurate, that is, they cannot be compared in
similar units.

An interesting application of the matrix approach to UDFC analysis
is reported in Reference [3]. The authors list the following nine ob-
jectives to be considered:

1. Freedom of residences from flooding damage.
2. Freedom of commercial/industrial facilities from

flooding damage.
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3. Freedom of public/institutional facilities and equipment
from flooding damage.
4. Prevention of bank and channel erosion.
5. Protection of aquatic ecosystems.
6. Protection of wildlife habitat.
7. Freedom of parks, recreation and aesthetic areas from
flooding damage.
8. Prevention of traffic interruptions.
As is evident from the list, these are not independent objectives, but
are really the following three basic categories of objectives, broken
into subcategories:
1. Damage Prevention (#'s 1, 2, 3, 4, 7 above)
2. Natural Ecosystem Protection (#'s 5, 6)
3. Convenience, Secondary Economic Benefits (#8)

In this report, a procedure based on the matrix approach is
recommended. Also, the "Goals Achievement Matrix" advocated by Hill [1]
from work done in transportation planning is presented for the incidence
analysis. The techniques are presented through an example, rather than
in abstract fashion.

The matrix approach presented here seeks to develop a single score
for each alternative so that they can be compared on a relative basis.
In doing this, it takes subjective ratings and quantifies them, mixing
them together with objective information. This seemingly questionable
procedure is advocated for the following reasons:

1. The score so derived is not the final word but is meant

to provide useful information to the decision makers.
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2. The sensitivity of the scores can be examined with respect
to changes in weighting factors and/or subjective ratings.

3. Such an approach appears to be the only way to coherently
present a 44mpfe technique for multiobjective project
analysis.

Additional details are spelled out in the Case Study. The reader
is especially cautioned that the technique has the subtle effect of
quantifying intangibles. It can only be used to examine the relative
merits of sAdmifar profects. It can be misused and the results easily

distorted.

Example 0§ Project Evaluation

Description of Example Drainage Basin

The drainage basin in question is urban, its area is 25 square
miles or 16,000 acres. Its channel length is 10 miles, the flood
plain width averages 250 feet and takes in approximately 303 acres.
The area within the existing 100-year flood plain is 30% developed
(91 acres), and 70% undeveloped (212 acres). A total of 15,697 acres
lie outside the flood plain limits. Of these, 3,140 undeveloped acres
located in the upper drainage basin will develop within the next 2 1/2
years. Of the remaining area outside the flood plain, 11,929 acres are
completely developed and the rest currently undeveloped (628 acres).
The community has a flood plain ordinance which effectively controls
development within the flood plain. The 100-year flood plain was de-
fined 10 years previously and was based on development conditions at
the same time. The community is concerned about the effect that

development of the upper portion of the drainage basin will have on
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flood peaks, flood plain area and average annual flood damages. The
concept of liability for upstream land owners who increase flood peaks
is already established.

Average annual flood damages under e}isting flooding conditions
amount to $75,000 per year. Average annual flood damages will increase
to $90,000 when all of the tributary basin is developed. The increased
flood damages amounting to $15,000 per year represent the liability to
upstream land owners. Maintenance costs attributable to drainage amount
to $10,000 per year. The average annual outlay of the community attribu-
table to drainage therefore amounts to $85,000 per year under present
conditions and $100,000 per year under ultimate development conditions in
current dollars.

Several regional facilities are located within the flood plain
including the regional shopping center, a major elementary school, the
regional sewage treatment plant and many collector streets. In recent
years flooding has caused considerable inconvenience and there is public
pressure for the regional flood control authority to do something about
the flooding problem. The community is also concerned about the
quality of their urban environment, and citizens are interested in more
park space and more hiker-biker trails. The conflicting interests of
preserving 6pen space and making more land able to be developed have
been expressed by different segments of the community.

A drainage management study has been undertaken and the consultant
has defined four alternatives for handling the major drainage. Alter-
native No. 1 is a concrete channel which will require 50 feet of fenced
right-of-way (ROW) for the entire 10 mile length and will take up

approximately 61 acres. This alternative will make approximately 151
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acres able to be developed and will cost $1,500,000. No open space or
parks are planned and no trails will be provided. Alternative No. 2
is a soft-lined channel with drop structures to control stream velo-
cities. The required ROW will be 110 feet and will not be fenced.
The total ROW required will be 133 acres. Ten miles of trails will
be provided although no parks or open space are planned. Seventy-nine
acres will be made to be developed and the cost will be $1,300,000.
Alternative No. 3 will combine detention storage with soft-lined
channels and drop structures. A five acre detention dam will be
located in a 15 acre regional park to be located in the upper portion
of the drainage basin. The channel ROW will be 60 feet for the entire
10 mile length and the total ROW requirement will be 75 acres. An area
of 137 acres will be able to be developed and 10 miles of hiker-biker
trails will be provided. The total cost will be $1,100,000. Alter-
native No. 4 will utilize detention storage, soft-lined channels with
drop structures and open flood plain. A five acre detention dam will
be located in a 15 acre regional park, similar to Alternative No. 3.
Channel ROW will be 60 feet for approximately 6 miles. Four miles of
existing flood plain will be purchased as open space. Total ROW re-
quirements amount to 44 acres for channel, 15 acres for park and 121
acres for flood plain. An area of 32 acres will be able to be developed
and 10 miles of trails will be provided. The cost will be $850,000.
(Stated costs are the present worth of all project costs).

For short titles, we will call the alternatives the following:

Alternative 1: Hard Channel
2: Soft Channel
3: Storage Mix A

4: Storage Mix B
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The features of these alternatives are given in Table V-2.

The analyst began his study by evaluating project costs and
damage-related benefits. Reduced flood damages, reduced maintenance
costs and reduced liability were identified as the chief benefits,
and construction land and operation maintenance were identified as

the principal costs.

Benefit-Cost Analysis

The results of the analysis are tabulated in Table V-3. A glance
at the table will indicate that from a net benefit viewpoint, Alter-
native No. 2 is the most efficient investment. The dollars and cents
approach does not, however, reveal how each of the proposed alter-
natives affect community objectives which cannot be assigned dollar
figures.

To examine the performance of the project alternatives toward
meeting the project objectives, a clear statement of objectives is
needed. These are formulated as follows. The formulation of objectives
can result from either public participation or policy guidelines.

Objectives

1. Reduction in flood damage (DAMAGE)

2. Reduce liability from upstream development (LIABILITY)

3. Increase recreational opportunities and open Sspace
(RECREATION)

4. Encourage quality neighborhood development (DEVELOPMENT)

5. Improve visual impact of City (VISUAL)

6. Improve drainage service from convenience viewpoint

(DRAINAGE)



Table V-2.

Summary of Indicators

Increased
ROW Development
Cost Required Potential Trails Park
1. Hard Channel $1,500,000 50! 151 Ac - -
(61 Ac)
2. Soft Channel 1,300,000 110! 79 Ac 10 miles -
(133 Ac)
3. Storage Mix A 1,100,000 60" 137 Ac 10 miles 15 Ac
(75 Ac)
4. Storage Mix B 850,000 Note * 32 Ac 10 miles 15 Ac
121 Ac
136 Ac

Note * ROW = 60' (59 acres) for 6 miles.

purchased as open space.

Four miles of existing flood plain (121

acres)

89



Table V-3.

Selection of Project by Net Benefit Method

Present Reduced
Worth of Reduced Main-
Total Annual* Flood tenance Reduced Total Net
Alt. Cost Cost Damages Cost Liability Benefits Benefits
No. % ($/yr.) ($/yr.) ($/yr.) ($/yr.) ($/yr.) ($/yr.)
1 1,500,000 95,160 65,000 9,000 14,000 88,000 -7,160
2 1,300,000 82,472 70,000 8,500 14,000 92,500 10,028
3 1,100,000 69,784 55,000 7,000 14,000 76,000 6,216
4 850,000 53,924 45,000 6,000 12,000 63,000 9,076
235,000

* Based on 6% at 50 years for illustration

69
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Using appropriate techniques (public participation or policy guidelines),
the engineer determines that for the UDFC problem at hand, and from the
community point of view, the objectives are considered to have the

following priorities: (0-10)

NUMERICAL
PRIORITY
OBJECTIVE PRIORITY RATING

1. DAMAGE HIGHEST 10

2. LIABILITY LOW 3

3. RECREATION HIGH 7

4. DEVELOPMENT HIGH 7

5. VISUAL MEDIUM 5

6. DRAINAGE HIGH 7

The most significant groups of persons (publics) who are affected

by the projects are considered to be the following:

AFFECTED GROUPS

1. Flcod plain Residents (FP Residents)

2. Flood plain Businesses (FP Businesses)

3. Owners of Undeveloped Flood Plain Property
(FP Undev)

4. Owners of Undeveloped Tributary Property
(Upstream)

5. Owners of Businesses and Property Adjacent
to Flood Plain (Adj FP)

6. Other Residents of City (Other City)
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The information in Table V-2 can now be expanded to identify the
indicators of performance for each alternative project as related to
each goal. This is shown on Table V-4.

Table V-4 provides much of the same information as Table V-2.

Now we are putting the information in the format of performance indi-
cators, for use in selecting between projects. The performance indi-
cators need to be converted to consistent units for comparison purposes.
This is accomplished by allowing an arbitrary total score of 100 points
for meeting each objective Oj . Each Alternative Ai will end up

with an Indicator Score of Ii from this procedure, determined by

I. = Za.G. .
1 J 1]

where aj is the weighting factor for objective Oj and Gij is the
basic score for Alternative 1 toward meeting Objective j. Since an

arbitrary total score of 100 is to be allocated to any Objective j,

then

and the maximum possible points to be allocated to all Gij together
is
Max Points = IOOZaj
j
With this background in mind, it is possible to develop uniform
scores for the different alternatives, as follows:

1. Damages. 1In Table V-3, the basic damage reduction figures

are given. To distribute 100 points over these we first



Table V-4. Performance Indicators

OBJECTIVE
CATEGORY
DAMAGE LIABILITY RECREATION DEVELOPMENT VISUAL DRAINAGE
INDICATOR
1 . .
ALTERNATIVE Damage Liability Total Acres of  Subjective  Subjective Performance
Reduction Reduction Financed Park Rating Rating Rating
1. Hard Channel | $65,000 $14,000 $79,000 - 2 2 10
2. Soft Channel | 70,000 14,000 84,000 100 6 8 10
3. Storage Mix A| 55,000 14,000 69,000 115 10 10 10
4. Storage Mix B 45,000 12,000 57,000 2363 8 8 10
TOTALS? $235,000  $54,000  $289,000 451 26 28 40

NOTES:
1. A mile of trail is given the same value as one 10 acre regional park.
2. The totals are for the purpose of calculating ''scores' later.

3. The 121 acres of purchased open space is considered as a park.

L
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sum the damage reductions,
) damage = $235,000

and by allocating the 100 points proportionally, we get

28, 30, 23 and 19 points for the alternatives respectively.
2. Liability. This is the same procedure as for damages.

The resulting points are 26, 26, 26, and 22.
3. Recreation. Here we are allocating on the basis of park

acreage rather than dollars but the procedure is the

same. The points are 0, 23, 25 and 52.

4. Development, Visual Impact and Drainage. These were all

provided with subjective point scales. To distribute the
100 points, we follow the same procedure as with the
other categories. The points are, respectively: 8, 23,
39, 30; 7, 29, 35, 29; 25, 25, 25, 25.

These point assignments lead to Table V-5 which displays the points
in Matrix form. From this display we see that Alternative 4 shapes up
most favorably from the community point of view with 1150 points. The
basic reason for this is its high mark in the recreational category
caused by the flood plain park it provides.

The sehsitivity analysis can be carried out relatively easily by
varying the desired parameters. An example of this is provided by
deciding that perhaps recreation was of minor importance compared to
visual impact and development. To arrange this the weighting factors
for the latter two are changed from 7 and 5 to 10 each and that for

recreation reduced from 7 to 4. The results are shown on Table V-6.
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Table V-5. Alternatives-Objectives Matrix

OBJECTIVE DAM LIAB RECR. DEV | VIS DRA
Weighting Factors TOTAL
ALTE??CE 10 3 7 7 5 7 39

1 28| 280 26| 78 ] 8I 56 l 25l175 624

2 30| 300 26| 78 I161 23'161 |145 25|175 1020

3 23I 230 26} 78 251175 39'273 l175 25.175] 1106

4 ! 221 66 :364 30!210 !145 25,175] 1150*
100i1000 100300 100|7OO 100i700 100i500 1004700 3900

* = Best Score

Table V-6. Alternatives-Objectives Matrix
Changed Priorities

opseerve| oM | LA | RecR DEV | vis DRA
Weighting Factors TOTAL
ALTERNA-

Vs 10 3 4 10 10 7 44

1 28] 280| 26| 78| - | - | 8] so| 7| 70|2s[175| 683

2 50| 300 26| 7 23] 92| 23 230| 29| 290 | 25|175] 1165
5 23: 230] 26| 78| 251100 | 30l 390| 35 350 | 25]175] 132357

4 19 | 190 22! 66 52!208 3ol 300 29! 290 25!175 1229

i
¥ 1 T T
100 [1000 100|300/ 100400 100{1000 100}1000 100 700| 4400

* = Best Score
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This rearranges the point total so that Alternative 3 is highest. Other

variations can, of course, be considered.

The Goals-Achievement Matrix (GAM)

A separate GAM is required for each alternative to demonstrate
the incidence of benefits on different population groups. To demon-
strate the use of the GAM for this example, we return to the infor-
mation in Table V-5. It is necessary now to calculate or estimate the
extent to which the different groups will benefit from the projects in
terms of each objective. 1In the case of Damage, Liability and Drainage,
this distribution damage estimates over the groups. The Liability
is all a benefit to upstream land owners. Drainage benefits are shared
rather equally among persons working, living or owning property in
the flood plain. Recreation, Development and Visual benefits are not
So easy to estimate. Estimates of these benefits should not be used
at this stage to assess costs, but they can be used to select among
projects.

A table of distribution factors can thus be prepared for the
different groups. These factors show the fractions of benefits re-
ceived for each group, for each objective. For the case at hand,
Table V-7 presents this information.

Using this information, the GAM can be prepared for the Alter-
natives and the weighting factors shown in Table V-5. 1In fact, this
next step is a simple exercise in matrix multiplication which can be
set up easily for the computer. The results are shown on Tables V-8,

V-9, V-10, and V-11.
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Table V-7. Distribution Factors for Benefits
OBJECT.
DAM LIAB RECR DEV. VIS. DRA.
GROUP

FP Res .60 - .22 .12 .22 .34
FP Bus .30 - .22 .30 .18 .33
FP Undev .04 - .22 .30 .22 .33
Upstr - 1.00 - - - -
Adj. FP - - 22 28 .22 -
Other .06 - .12 - .16 -

1.00 1.00 1.00 1.00 1.00 1.00

Table V-8. GAM for Alt. No. 1
(Scores, Distr. Tables 6,8)
OBJECTIVES
DAM LIAB RECR DEV VIS DRA
TOTAL SCORES

280 78 - 56 35 175
FP Res 168 : - 7 8 59 242
FP Bus 84 - - 17 6 58 165
FP Undev 11 - - 17 8 58 94
Upstr - 78 - - - - 78
Adj. FP - - - 15 8 - 23
Other 17 - - - 5 - 22

280 78 - 56 35 175 624
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Table V-9. GAM for Alt. No. 2
OBJECTIVES
DAM LIAB RECR DEV VIS DRA
TOTAL SCORES

300 78 161 161 145 175
FP Res 180 - 36 20 32 59 327
FP Bus 90 - 35 48 26 58 257
FP Undev 12 - 35 48 32 58 185
Upstr - 78 - - - - 78
Adj. FP - - 35 45 32 - 112
Other 18 - 20 - 23 - 61

300 78 161 161 145 175 1020

Table V-10. GAM for Alt. No. 3

DAM LIAB RECR DEV VIS DRA
FP Res 138 - 39 33 39 59 308
FP Bus 69 - 39 82 31 58 279
FP Undev 9 - 39 82 39 58 227
Upstr - 78 - - - - 78
Adj. FP - - 39 76 39 - 154
Other 14 - 19 - 27 - 60

230 78 175 273 175 175 1106




78

Table V-11. GAM for Alt. No. 4

DAM LT1AB RECR DEV VIS DRA
FP Res 114 - 81 25 32 59 311
FP Bus 57 - 81 63 26 58 285
FP Undev 8 - 81 63 32 58 242
Upstr - 66 - - - - 66
Adj. FP - - 81 59 32 - 172
Other 11 - 40 - 23 - 74

190 66 364 210 145 175 1150

To exgmine how the benefits distribute across the publics for all
projects, Table V-12, the '"Publics-Alternatives Matrix'" is presented.
This shows that Alternative 4 is best for all groups except flood
plain residents and upstream land owners. For these groups, however,
Alternative No. 4 is close to the best. This could be a logical

argument for its selection.

Table V-12. Publics-Alternatives Matrix

Alt. Alt. Alt. Alt.
1 2 3 4

FP Res 242 327* 308 311
FP Bus 165 257 279 285*
FP Undev 94 185 227 242%
Upstr 78% 78* 78% 66
Adj. FP 23 112 154 172%
Other 22 61 60 74*

624 1020 1106 1150*
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It should be pointed out that the assignment of points in the
manner of this chapter has the appearance of quantifying intangible
benefits. The value of a unit of visual impact, for example, comes
out in the same terms as a dollar of damage reduction. The assignment
of priorities effectively accomplishes this and serious errors can be
introduced by improper use of this tool. The analyst is cautioned
not to suggest that in so doing he has accuwrwately quantified the in-
tangibles.

In asking for priorities, he is in effect asking for the indifference
point of preferences--that is, how much visual impact would you give up
for a dollar of damage reduction? This area requires a great deal of

additional investigation.
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CHAPTER VI
BENEFIT-COST ANALYSIS FOR COMPARING

PROJECT COSTS AND FLOOD DAMAGE BENEFITS

In the previous chapter, a decision matrix approach was described
for evaluating the comparative merits of major UDFC systems on a multi-
objective basis. The reduction of flood damage was recognized as one
of several economic benefits. Other, intangible benefits should also
be considered. In this chapter, a methodology is presented for evalua-
ting major UDFC systems using well established Benefit-Cost Analysis
(BCA) techniques. The methodology is basically limited to the considera-
tion of the reduction of flood damage as a benefit. When other project
objectives are to be considered, a procedure such as that given in
Chapter V should be considered. Since damage benefits play a relatively
insignificant role in the evaluation of minor UDFC projects, this
methodology is not considered applicable to them.

There are strong precedents for the application of '"'traditional"
benefit-cost techniques to the analysis problem. The federal govern-
ment has been using them under the authority of the Flood Control Act
of 1936 for many years and, although many problems have been identified
with the approach, it does represent a straightforward process which
can be replicated. Recently the Corps of Engineers issued revised
regulations for implementation of the 1936 Act. These are enclosed as
Appendix D [6].

The benefit-cost analysis is a part of the total economic evaluation
process which is included in the development of the engineering plan.

The following steps demonstrate the place of the BCA in the engineering
planning process:

81
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Identification of problem

Statement of objectives

Determination of effectiveness measures
Formulation of alternatives

Evaluation of alternatives

Display of results of evaluation process

The BCA is mostly carried out as step 5 but it relies on all of the

steps for the development of data and criteria.

For BCA applied to UDFC problems, more specific steps can be

developed, particularly to put the problem in the BCA format. For a

given flood prone area, the following steps would be appropriate, once

a planning study is initiated:

1.

2.

10.

11.

12.

13.

Divide the study area into reaches

Examine flood hazard area and classify by land use
Determine conditions under which each flood plain manage-
ment alternative will be evaluated

Obtain stage-frequency curves for each reach from hydro-
logic/hydraulic analysis

Determine flood damage categories by land use

Eliminate unlikely damage categories

Obtain and develop appropriate depth-damage relationships
Array alternatives to be considered and develop cost and
performance data

Compute flood damages for the Base Line Condition

Compute the average annual flood damage potential for each
alternative

Compute the costs for the alternatives

Discount benefits and costs appropriately

Display Benefit-Cost Information
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Case Study

The case study presented demonstrates the application of benefit-
cost analysis to a major UDFC problem. The analysis does not present
detailed strategies for calculating B-C ratios, comparative discount
rates or other material better left to economists. Rather it presents
a direct method for identifying and calculating the traditional damage-
related benefits, and the project costs for UDFC projects. The conclu-
sion of the case study is a display of results, complete with an explana-
tion of the biases introduced. The next step would be a debate, at the
policy level, of the comparative merits of projects given these 'net
benefits'" as one input. Other inputs would be community preferences
and intangibles, material described in Chapters V and VII.

The example is based upon the Little Dry Creek Master Plan project
located in Douglas and Arapahoe Counties, Colorado. The project was
undertaken for the Urban Drainage and Flood Control District by the
engineering firm of McCall-Ellingson § Morrill, Inc., and assisted by
the firm of Lyon, Collins & Co., Inc., local governmental consultants [5].
The basin, shown in Figure VI-1, was chosen as the case study because
of the varied conditions encountered and the detail of the analysis con-
ducted. To broaden the scope of the example, certain hypothefical ele-
ments and conditions not found in the Little Dry Creek basin have been
added.

It should be emphasized that each project will present unique
hydrology, development characteristics, alternative solutions and other
features, and the step-by-step procedure given here must be considered
only as a guide. More than in routing design, this type of analysis

requires considerable engineering judgment.
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The Little Dry Creek Master Plan involves several entities as well
as the Urban Drainage and Flood Control District. The basin includes
a fully urbanized area with a large regional shopping center (Reach A-B,
Figure VI-1) as well as urbanizing farmland. It lies in the section of
the metropolitan area experiencing very rapid growth. The area has a

history of severe flooding caused by intense summer rainstorms.

Step 1 - Divide the Study Area into Reaches

Divide the study area into manageable reaches for aggregation of
flood damages. It may be advantageous to have the divisions correspond
to the design points of the hydrologic analysis and/or political

boundaries. Figure VI-1 illustrates the reaches selected.

Step 2 - Examine Flood Hazard Area and Classify by Land Use

The following types of land use are typical:

Land Uses - Little Dry Creek Basin

A. Public streets, bridges, culverts and utilities
B. Public unimproved open space

C. Public improved open space

D. Private unimproved open space (grazing)

E. Private improved open space (farming)

F. Single family residential

G. Multi-family residential

H. Trailer and mobile home parks

I. Commercial (retail)

J. Industrial

K. Other
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In addition, a survey of special or unusual hazards from flooding should
be made. Only onc major special hazard existed in the Little Dry Creek
basin--the covered underground parking area of the Cinderella City
parking structure (Reach A-B).

Step 3 - Determine the Conditions under which the Flood Plain Management
Alternatives will be Evaluated

It is extremely important that the base line conditions and future
growth projects of land use in the flood plain be accurate and in accor-
dance with the prevailing policies in the area. The Corps has decided to
evaluate alternative plans under the assumption that land use require-
ments of the Flood Disaster Protection Act of 1973 (PL 93-234) will be
met [6] (see Appendix D). This constraint on flood plain land development
is important for the development of alternative flood plain management
strategies.

In the State of Colorado, and particularly in the Urban Drainage
and Flood Control District, flood plain regulation is, or will be,
essentially universal, therefore, the normal baseline condition will be
with regulation.

In a general sense, the evaluation procedure should include a
determination of the appropriate base line and growth conditions. A
decision tree analysis such as is shown in Figure VI-2 will be appropriate
for this.

On Figure VI-2 a shaded route is shown as that which will be
appropriate for projects within the Urban Drainage and Flood Control

District (UDFCD), and probably throughout most of the U. S. when
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regulation takes hold. In fact, in the UDFCD, several pieces of
legislation back up the regulation. They are included as Appendix E
and include the Flood Disaster Prevention Act of 1973, Colorado HB 1041
and a recent regulation promulgated by the Colorado Water Conservation
Board.

The procedure for analysis recommended by the Corps [6] recog-
nizes the importance of correct land use projections in the affected
area. They point out the following five steps:

1. Delineation of Affected Area

2. Projection of Anticipated Activities within the
Affected Area

3. Estimation of Land Use Demand

4. Determination of Flood Plain Characteristics

5. Projection of Land Use

In the Litfle Dry Creek example, a flood plain regulation is in
effect, and the land use projection must proceed accordingly.

Step 4 - Obtain Stage-Frequency Curves for Each Reach from Hydrologic/
Hydraulic Analysis

As an input to BCA, flood hazard areas under existing and projected
future development conditions must be defined. Because of the extent of
flooded land, the magnitude of potential damage and the cost of pre-
ventive and corrective measures all depend on the estimates of flood
flows and flood plain limits, the most reliable techniques consistent
with the scope of the project and the basic data available should be
utilized in the hydrologic and hydraulic analyses.

The BCA requires the computation of the flood hydrology for

existing and future tributary basin conditions for a range of recurrence
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intervals. The recurrence intervals should be chosen to give a repre-
sentative spread in the peak flows, i.e., low, medium and high. The
difference between existing and future hydrology reveals the hydrologic
effect of urbanization. The future hydrology will be used as the base
line to evaluate alternatives.

Development of the future hydrology will require estimation of
the future land development in the tributary basin. Existing land use
plans should be consulted. If they are not available, the engineer
must make his own prediction, perhaps with the help of local planners
who are familiar with the existing development, local subdivision regu-
lations, community preferences and other factors that will affect the
type of development.

It must be recognized that the flood hazard for each year is a
function of the tributary basin and flood plain development for that
year. The most accurate assessment of the future hazards will therefore
discount to present year-by-year development of both the tributary
basin and the flood plain area. It is not normally practical, however,
to make this assessment for each year of the planning periéd.

The use of present tributary basin conditions to estimate future
flood hazards is clearly inadequate. The use of fully developed con-
ditions is conservative. If development is proceeding slowly, this
approach may be unduly conservative.

For the purposes of UDFC planning, especially in rapidly developing
areas, the use of fully developed tributary basin hydrology is reasonable,
especlally if the conservative nature‘of the approach is considered.

In special cases, a year-by-year analysis can be used, or alternative

growth rates can be considered.
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For the case of Little Dry Creek, the hydrologic/hydraulic analysis
is not presented. It is available in the basic engincering report,

however [5].

Step 5 - Determine Flood Damage Categories bv Land Use

Determine the types of damages which might occur in the drainage

basin according to the land use.

Land Use Potential Damage Description
A. Public streets, bridges, 1. Wash-outs damaging structures
culverts and utilities and necessitating repair or

replacement, including structure
damage or failure due to debris
pile up.

Interrupted traffic or services
3. Removal of debris and cleaning

TN

B. Public unimproved open space 1. Erosion
2. Removal of debris and cleaning

—
.

Damage to facilities
Erosion
3. Removal of debris and cleaning

C. Public improved open space

3]

D. Private unimproved open 1. Erosion
space (grazing) Loss of livestock

N

Erosion

Loss of livestock

Damage to farm equipment
Damage to stored goods

E. Private improved open space
(farming)

H KD

Structural damage

Content damage

Removal of debris and cleaning
Erosion

Missed work

General inconvenience

F. Single family residential

QN U BN

Structural damage

Content damage

Removal of debris and cleaning
Loss of renters, increased
vacancies, or reduced rental
income

Erosion

Missed work

7. General inconvenience

G. Multi-family residential

IRy

(o)W,
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H. Trailer and mobile home parks Structural damage

‘ Content damage

Removal of debris and cleaning
Loss of renters, increased
vacancies, or reduced rental
income

Erosion

Missed work

General inconvenience

NN

~N OB

I. Commercial Structural damage

Content damage

Inventory loss/damage

Removal of debris and cleaning
Loss of business income

Loss of sales taxes

Loss of salaries to employees

Special police protection

(e BE NN W T BE S NI N S

J. Industrial Structural damage

Content damage

Inventory loss/damage

Removal of debris and cleaning
Operating loss-days idle

Loss of salaries to employees

DU BN N

K. Special Situations--
such as underground parking 1. Vehicular damage

L. Other

Step 6 - Eliminate Unlikely Damage Categories

Once specific categories and potential damage have been identified,
a number can be eliminated due to the unlikeliness of their occurrence
or to the insignificance of the loss. In the Little Dry Creek study
the following damage categories were eliminated for the reasons set

forth below:

Land Use/Damage Category Elimination Reasons
A. Industrial - all damage No industries in study area
B. Public unimproved open Damage insignificant

space - all damages

C. Public improved open No land in hazard area
space - all damages
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Private unimproved open
space (grazing)

Private improved open
space (farming)

Special Police Protection -
Commercial

Structural damage to bridges
by trailers and other
floating debris

Interrupted traffic or
services - public streets
and utilities

Erosion - all land uses

General inconvenience -
all land uses

Insufficient land in hazard area

Insufficient land in hazard area

Structural damage insufficient

to allow looting

Field review indicated low proba-

bility of damage

Alternate traffic routes and esti-
mated brevity of service interruptions
made category too small for inclusion

Judged insignificant to warrant
inclusion

Undoubtedly will occur but insuffi-
cient data to place dollar value

Systematically examining each land use/damage category to eliminate

from consideration those unlikely to occur in a particular drainage
basin will save the analyst considerable time in data collection and

manipulation.

Step 7 - Obtain and Develop Appropriate Depth-Damage Relationships

Flood damages are calculated with the use of depth of flooding
versus dollar damage tables or curves for various types of residential,
commercial or industrial structures. Several government organizations
have compiled data of this type including the Federal Insurance Adminis-
tration (FIA), the Corps of Engineers, the Soil Conservation Service
(SCS), and the Tennessee Valley Authority (TVA). It is felt that
currently FIA has the most applicable data for estimating flood damages
for residential structures because they have made a specific effort to
generalize a great deal of data [1]. FIA has only presented such data

for residential and small business structures. Generalized curves for



93

commerical and industrial areas do not currently exist. These must be
handled on a case-by-case basis.

Tables VI-1 and VI-2 give FIA depth-damage data as used in the
example problem. These were current until recently when FIA re-issued
the curves and revised them downward. The most current relationships
are in Appendix B.

Step 8 - Array Alternatives to be Considered and Develop Cost and
Performance Data

The formulation of alternative management strategies is a creative
process and depends on engineering judgment and innovation. It is a
necessary input to the BCA. For each alternative to be evaluated it
is necessary to know the costs and the performance data so that these
can be input into the analysis.

Data must be collected to allow computation of the following costs
for each drainage management alternative:

1. Right-of-way acquisition

2. Construction and engineering

3. Fiscal and administrative

4. Discount rate

5. Annual operation and maintenance
6. Insurance

A table reflecting the annual costs over the life of the improve-
ment will be constructed later.

The performance data will be necessary to determine the benefits
for each alternative at the selected levels of investment. In the case
of Little Dry Creek, five basic alternatives are considered:

1. Do Nothing ‘ (Alt. #0)

2. Detention Dams (Alt. #1)



94

Table VI-1
FEDERAL INSURANCE ADMINISTRATION
SEPTEMBER 1970
Depth Damage Curves¥*
Set A

STRUCTURES-RESIDENTIAL AND SMALL BUSINESS

Curve No.

01 03 05 10 13 18 23
Depth in Feet Damage in % of Total Value
-3.0 .0 .0 .0
-2.0 3. 3. 3.
-1.0 .0 .0 .0 .0 6. 5. 5.
First Floor .0(0.1) 8.0 4, 3. 8. 10. 7. 6.
1.0 22. 10. 11. 50. 24, 14. 16.
2.0 30. 16. 20. 71. 31. 21. 22.
3.0 35. 20. 25. 82. 37. 26. 26.
4.0 39. 24. 29. 87. 41. 30. 30.
5.0 41. 27. 31. 89. 44, 33. 32.
6.0 44, 30. 33. 91. 46. 35. 35.
7.0 46, 32. 34. 91. 48. 38. 36.
8.0 48. 34. 41, 49, 40. 44.
9.0 50. 39. 46. 50. 44, 48.
10.0 42, 50. 46. 52.
11.0 45. 53. 47 . 55.
12.0 47 . 55. 48. 57.
13.0 49, 58. 49. 58.
14.0 50. 59. 50. 59.
15.0 60. 60.
Classification Curve No.
One story, no basement 0l
Two or more stories, no basement 03
Split level, no basement 05
One story with basement 13
Two or more stories with basement 18
Split level with basement 23
Mobile home, on foundation 10

* Taken from Flood Damage Factors - Depth Damage Curves, Elevation-
Freguency Curves, Standard Rate Tables, Federal
Insurance Administration, September, 1970.
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Table VI-2
FEDERAL INSURANCE ADMINISTRATION
SEPTEMBER 1970
Depth Damage Curves¥*
Set A

CONTENTS—-RESIDENTIAL

Curve No.

27 29 46 51 31 41 33 56 38
Depth in Feet Damage in % of Total Value
-3.0 .0 .0 .0 .0
-2.0 8. 5. 81. 10.
~-1.0 .0 .0 8. 5. .0 81. .0 15. .0
First Floor .0(0.1) 5. 5. 21. 10. 1. 83. 2. 18. 3.
1.0 35. l6. 40. 22. 3. 19. 31. 30.
2.0 50. 28. 58. 34. 4. 32. 44, 56.
3.0 60. 37. 70. 43. 5. 41. 52. 72.
4.0 68. 43. 76. 48. 6. 47 . 58. 79.
5.0 74. 47. 80. 51. 6. 51. 6l. 84.
6.0 78. 49, 82. 52. 6. 53. 63. 87.
7.0 8l. 50.  83. 53. 6. 55. 64. 88.
8.0 83. 51. 85. 56. 6. 56. 66. 90.
9.0 85. 55. 59. 10. 62. 69. 90.
10.0 58. 64. 23. 69. 73.
11.0 65. 71. 47 . 75. 76.
12.0 72. 76. 64. 78. 79.
13.0 78. 78. 74. 80. 80.
14.0 79. 79. 81. 81. 80.
15.0 80. 80. 83.
16.0 81. 81.
Location Curve No.
All on first floor 27
All on first two floors 29
All on first floor and basement 46
All on first two floors and 51
basement
All above first floor 31
All in basement 41
In split level 33
In split level with basement 56
Mobile home on foundation 38
* Taken from Flood Damage Factors - Depth Damage Curves, Elevation-

Frequency Curves, Standard Rate Tables, Federal
Insurance Administration, September 1970.
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3. Channelization (Alt. #2)

4., Conduits (Alt. #3)

5. Dams with Channelization (Alt. #4)
In addition,:various nonstructural mixes could have been formulated,
but are not for the example. These are not the actual alternatives
considered but have been modified somewhat for illustration.

For each alternative it is necessary to know all associated costs

and the residual flood damages remaining after the alternative is

implemented.

Step 9 - Compute Flood Damages for the Base Line Condition

A. Establish Base Line Conditions

The "Base Line'" condition defines what is likely to happen if no
UDFC alternative plan is implemented. It is the datum against which
the effectiveness of alternative flood control schemes will be measured.
The effectiveness of each alternative is measured by how much it reduces
the flood damages from the ''Base Line'" case considered. It is important
that existing flood plain land use policies and regulations be accounted
for accurately. A key question is whether existing zoning policies will
allow future development of the flood plain. In Colorado, the presence
of flood plain regulation as a policy renders this question relatively
simple. In other countries, it may not be so simple. Figure VI-2 gives
the decision path which should be used.

If there is no flood plain regulation, the ""Base Line'" condition
might assume that future development within the flood plain will not be
controlled. If the present flood plain is largely undeveloped, this
could mean a steadily increasing flood damage potential, a -condition

which could be prevented with appropriate regulation.
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If an effective flood plain regulation is in effect, the ''Base
Line" condition will assume that future flood plain development will be
"controlled,'" and the future flood damage estimates will be less.

The decision tree in Figure VI-2 essentially provides for three
Base Line conditions. Each of these is dependent.on the status of the
flood plain regulation; effective, ineffective or nonexistent.

Table VI-3 summarizes the types of alternatives and Base Line conditions

which might be encountered.

The computation of flood damages in a reach requires that the land
use conditions and the topography in the flood plain be known.
B. Identify Damage Categories (Benefits and Collect Supporting Data)
For this case, benefits are limited to direct and indirect flood
damage reduction. To establish them, engineering data are required from
the hydrologic and hydraulic analyses which include:
1.  Tributary basin flood hydrographs for several recurrence
intervals for future basin development conditions.
2. Delineation of the corresponding flood plains on adequate
topographic mapping.
3. Estimates of flood depths and velocities.
Other data necessary for the damage analysis are:
1. Structural data - Residential and Commercial
For Little Dry Creek structural data were obtained
from computer printouts of the County Assessor's records
of properties located in and around the flood plain. The
data obtained for each property were:
Legal description
Property address

Assessed valuation of structure
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Table VI-3. UDFC Alternatives and Base Line Conditions
Existing Situation No Flood Plain Ineffective Effective Flood*
Regulation in Flood Plain Plain Regulation
Force Regulation in Force
in Force
Alternative:
Enact "Effective" X X -
Flood Plain
Regulation
Structural Mix X X X
Non-Structural X X X
Mix
Mix of Structural X X X
and non-struc-
tural
Other X X X

Base Line Condi-
tion Defined

* Colorado Conditions

Future Tribu-
tary basin
hydrology,
uncontrolled
development
in flood
plain

Future tribu-
tary basin
hydrology,
semi-control-
led develop-
ment in flood
plain

Future tributary
basin hydrology,
controlled
development in
flood plain



All structure values from the County Assessor's records
were divided by 0.3 to yield the market value because
property under Colorado law is assessed at 30% of actual
value. This technique is only valid if the assessments
realistically reflect market conditions.
Content Data - Residential

In Colorado personal property is no longer assessed,
and good sources of data on value of contents of residen-
tail units do not exist locally. The cost of developing
contents cost data by survey of individual units is not
warranted. Instead, a factor of 50% of the structure
value is used. This factor corresponds to practices
within the insurance industry and represents a reasonable
estimate considering the accuracy of the data. See
Appendix B.
Content and Inventory Data - Commercial

In the Little Dry Creek Basin two major commercial
areas exist in portions of the flood plain. County
Assessor data as to the value of contents and inventory
exist but are not a matter of public record. To utilize
this data while observing the rights of privacy, the
County Assessor's office took a random sample of contents
and inventory value. This sample was used as an average
value of contents and inventory pef commercial outlet.
Structural and Content Data - Mobile Homes

There did not exist adequate public data on the value

of mobile homes and their contents. It was necessary to
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contact a number of new and used mobile home sales
offices to obtain an average per unit value of each
mobile unit.
Removal of Debris and Cleaning - Public Land

Estimates of the number of hours of debris removal
necessary in public land uses such as streets and bridges
were made and the average per hour rate of the public
employees who would be involved in the work multiplied
by 2.25 to cover overhead. This estimate is based upon
the personal experience of the analyst (former municipal
finance official).
Missed Work, Removal of Debris and Cleaning - Residential
Land Uses

For each residential land use inundated, two days
per unit were estimated as necessary to do the cleaning.
The two days were assumed equal to the daily pay of an
employee earning $12,000 per year. The per day rate
was based upon the 1970 census data on median income
adjusted to fit the specific characteristics of the homes
in the flood plain. This calculation also was designed
to cover lost income from missed work.
Removal of Debris and Cleaning - Commerical Land Use

An estimate of three employees working for four
days was made for each commerical unit inundated. An
hourly rate equivalent to that of a retail clerk was used

to price the employees' time.
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Street, Bridge and Utility Damage Data

Estimates of the nature of the loss and the cost
to repair or replace public facilities were made from
field review of the flood plain. Recent unit cost data
from various public projects were used in these estimates.
Loss of Renters - Multi-family and Mobile Home Land Uses

The number of rental units which were inundated was
counted and an average monthly rental per unit (apart-
ments and mobile homes) was determined from actual
rental rates. A vacancy of 1.5 months per unit inundated
was estimated.
Loss of Business Sales and Sales Tax

In the Englewood portion of Little Dry Creek basin
a high loss in business sales was anticipated due to the
large commerical areas. To determine the amount of this
loss, daily gross sales per store were developed using
the area by area sales tax statistics maintained by the
City of Englewood. A per day loss sales figure was esti-
mated for each store inundated. Sales tax was computed
and included.
Loss of Employees' Salaries

No loss of employees' salaries was anticiapted as
it was believed that most would be involved in clean-up
or have the chance to put in make-up hours later. Had
the character of the flood damage and the nature of the
businesses affected been different, a loss would have

been estimated.
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12. Vehicular Damage
A large underground parking facility exists at
Cinderella City Shopping Center in Englewood. The egress
from that area can become impossible should many drivers
attempt to leave at the same time. The probability of
such a situation arising was calculated and used as the
basis for estimating this special damage situation.
13. Financial Data
Financial personnel of jurisdictions financing the
drainage improvements (cities, counties, and drainage
districts) should be contacted to obtain the cost of their
borrowed mohey and the interest at which they can invest
their idle funds. Municipal bond dealers that finance
projects like urban drainage projects should also be con-
sulted to see what interest they would require to finance
money for the jurisdictions involved. The estimated amount
of money to be financed will affect the selection of the
discount rate.

For areas of uniform flood damage potential (i.e., a residential
area of uniformly valued homes), per acre damage factors can be developed
for a range of flood dpeths. During the analysis, the flood plain can
be divided into areas of similar flood depth, i.e., 0 to 1 foot, 1 to 2
feet, etc. Flood damages are then found by applying the per acre damage
factors. The per acre damage factors can be computed by estimating
typical exposures for each damage category and applying the individual
damage factors. Table VI-4 summarizes the procedure for obtaining area

damage factors for 3 and 4 foot flood depths for a sample low density



Table VI-4

EXAMPLES OF HOW TO COMPUTE PER ACRE FACTORS FOR
ESTIMATING FLOOD DAMAGES IN HOMOGENEOUS AREAS (a)

Land Use: Low Density Residential, 3 units per acre.

3 Foot Flood Depth 4 Foot Flood Depth
Exposure Damage Damage
Damage Category Per Acre Damage Factor Per acre (b) Damage Factor Per Acre (b)
1 Story Structure $85,800 .35 $30,030 .39 $33,462
1 Story Content 42,900 .60 25,740 .68 29,172
Streets 6,000 .40 2,400 .80 4,800
Utilities 12,600 .20 2,520 .50 6,300 X
Lawns, Open Space 3,520 1.00 3,520 1.00 3,520
Vehicles 13,500 .68 9,180 .75 10,125
Cleanup 250/day 6 days 1,500 8 days 2,000
Total Damages: $74,890 $89,379
' Per Acre Per Acre

(a) Follow similar procedure for other flood depths.

(b) Multiply estimated exposure and damage factor.
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residential area. Damages for the other depths would be determined
in a similar manner. The data can also be presented graphically as
in Figure VI-3.

For areas that are not homogeneous with respect to land use or
damage potential, a more detailed analysis must be performed. For
each land use category the value of property exposed to flooding must
be known. The exposure is multiplied by the damage factor taken from
an appropriate depth versus damage curve. Dollar damage is estimated
and tabulated for each damage category, as in Table VI-S.

Available depth versus damage tables reflect flood damage due to
standing water. In addition, there is a potential for damage due to
the velocity of the flood water. Erosion and structural damage due
to undermining and flotation are possible if the velocities are signi-
ficant. Data for estimating this type of damage are not readily avail-
able. It is recommended that at least thg velocity head be added to
the flood depth when velocities exceed 8 fps, to account for some of
the damage that might occur. The depth-damage relationships previously
presented account somewhat for the velocity phenomena by predicting
100% damage at some depths.

C. Compute Base Line Average Annual Damages

Total the flood damages for each reach and recurrence interval
as shown in Table VI-6 for Reach A-B.

For each reach, construct a graph of flood damage versus probability
of exceedance in any given year. The graph will be similar to Figure VI-4.
Since the rarest flood calculated may be the 1% event (100-year), the 0%
event must be estimated and plotted. It can be extrapolated from the

slope at the end of the curve. The zero damage point must also be es-
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Table VI-5
DAMAGE TABULATION SHEET FOR NON-HOMOGENEOUS AREAS

Reach:
Frequency: 100 years
Type of Damage: One Story Residential Structure

Condition: Developed Basin, Controlled Development in Flood Plain

Structure Number of Inundated Structures for Flood Depth Flood
Value 0-1 ft. 1-2 ft. 2-3 ft. 3-4 ft. 4-5 ft, 5-6 ft, 6-7 ft. Damage

$30,000 15 5 1 $177,300
$40,000 6 1 $ 74,000
$50,000 1 $ 12,500
Number of
Structures 22 6 1
Total Value $740,000 $190,000 $30,000
% Total Value
Damaged (a) 25 35 41 46 49 52
Total Flood
Damage $185,000 $ 66,500 $12,300 $263,800

(a) From appropriate depth versus damage table or curve.

—
Q
o)}
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Table VI-6

SUMMARY OF BASE LINE FLOOD DAMAGES FOR A REACH

Stream: Little Dry Creek
Reach: A to B
Frequency: 100 years

Conditions: Developed tributary basin, controlled future
development in flood plain.

Amount of
Direct Damages Damage
Residential Structure and Content $420,000
Commercial Structure and Content 623,000
Indirect Damages
Loss of Sales 210,000
Removal of Debris - Public 12,000
Removal of Debris - Residential 2,000
Removal of Debris - Commercial 6,000
Damage to Public Utilities 3,000
Loss of Rentals 4,000

Total: $1,280,000
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tablished. Caution must be exercised since determination of these points
will affect the computation of the average annual flood damage. In this
example, flood damages are high for the '"Base Line' condition even though
an effective flood plain regulation has been assumed. The damages are
largely due to existing development within the flood plain, including a
portion of completely urbanized area.

The damages for Reach A-B shown on Table VI-6 amount to more than
half the total Little Dry Creek damages shown on Figure VI-4. The high
ratio is due to the comparably extensive development in Reach A-B.

The indirect damages were directly estimated rather than taken as
a percentage of direct damages. They amount to the following:

6000

Residential - /420,000 = 1%

Commercial - 216’000/623,000 = 35%
The comparable data given in Chapter II by the Corps is therefore
exactly the same for commercial (35%) but far different for residential
(15% vs. 1%).

Step 10 - Compute the Average Annual Flood Damage Potential for Each
Alternative

Repeat the flood damage computation parts of Step 9 for each flood
control alternative under consideration. There will generally be
residual flood damages for each alternative, due to flood events larger
than the design event. The residual damage is the area under the damage-
frequency curve after the alternative is implemented. Figure VI-5 shows
such a curve for Alternative 1, plotted alongside the Base Line curve.

The reduction in the annual flood damage potential is the principal

benefit realized if the flood control improvement is constructed. The
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average annual benefit is illustrated graphically in Figure VI-5 as the
area between the two curves.
Make a list of the benefits of the alternatives, as in Table VI-7.

A discussion of the present worth factor shown will follow.

Step 11 - Compute the Costs for the Alternatives

Prepare a table that reflects end-of-the-year costs over the
project life. The table would resemble Table VI-8, prepared for Alter-

native 1.

Step 12 - Discount Benefits and Costs Appropriately

Selection of an appropriate discount rate is important. The dis-
count rate will bias the analysis and may change the recommended alter-
native [2]. Selection should reflect at least the cost of borrowed
capital for the entities involved. In this example, the recommended
value of the Watér Resources Council of 5 7/8% per year for fiscal year
1975 was used. Appendix C provides additional information on the selection.

The selection of time horizon or planning period should be based
upon the physical life of the improvements which will prevent or control
flooding. If the improvements have a useful life which is less than the
design recurrence interval of the level of protection and the analyst
wishes to extend the BCA to that point, it is necessary to show replace-
ment of the facilities as a project cost. High inflation makes this
procedure uncertain. For this example a 50-year project life was chosen.
This corresponds to Corps procedures.

Comparison of benefits and costs must be made for the same time
frame. Benefits stemming from reduced flood damages occurring annually
over the life of the project cannot be compared directly with construction

costs which occur over a short period of time at the beginning of the



Table

VI-7

FLOOD CONTROL BENEFITS FOR ALTERNATIVES

Average
Average Annual Flood Present Worth
Annual Flood Damage Present Worth of Benefits
Alternatives Damage Reduction¥* Factor** @5 7/8%

Do Nothing = Base Line $2,150,000 S 0 16.04106 S 0

Condition
Alt. #1 - Detention $ 34,375 $2,115,625 16.04106 $33,936,868

Dams
Alt. #2 - Channelize $ 22,150 $2,127,850 16.04106 $34,132,970
Alt. #3 - Conduits $ 11,050 $2,138,950 16.04106 $34,311,025
Alt. #4 - Dams With S 15,275 $2,134,725 16.04106 $34,243,252

Channelization
* Flood Damages reduced from the Base Line condition.

s\ _

** P, W. Factor = (L + 1) L , where i = 5 7/8% and 50 years

(i) (1 + i)n

A8



Table VI-8
SUMMARY OF END OF YEAR COSTS OVER PROJECT LIFE

Alternative 1

Present Worth

: of Costs
Item Year 0-1 Years 2-30 Years 31-50 Present Worth Factor @ 5 7/8%
Site Acquisition $ 530,000 0 0 .94451* $ 500,590
Construction $3,500,000 0 0 .94451%* $3,305,785
Engineering $ 875,000 0 0 .94451%* $ 826,446
Fiscal and $ 2,000 $2,000 $2,000 16.04106** $ 32,082
Administrative
Maintenance and 0 $2,000 $2,000 (.94451)%* (15.98347)** $ 30,193
Operation
Other S 1,500 $1,500 $1,500 16.04106*%* $ 24,062
Present Worth Total $4,719,158
@ 5 7/8%
* PW Factor for fixed future cost = TT—f_ITn_ , where n = number of years and
i = discount rate = .05875

.\
**  PW Factor for equal annual costs = {%l++li)nl, where n and i are defined above.

¢TIl
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project. All benefits and costs must be converted to either present or
annual amounts before comparison, using appropriate interest factors,
which account for the time value of money. In this example, all benefits
and costs were converted to present worth. See the last two columns of
Tables VI-7 and VI-8. The use of present worth or annual amounts biases
the analysis somewhat. The reader is referred to engineering economics

texts for a discussion of this phenomena.

Step 13 - Display Benefit-Cost Information

Display of alternatives is possible with a number of methods,
including the benefit-cost ratio, net benefit, incremental rate-of-
return [2,4], and minimization of total costs [3].

For simplicity, the net benefit method is presented here. It
offers less opportunity for computational error and will save time
especially if any last minute changes are made which require a rerun
of the benefit-cost analysis. It is not uncommon, for example, for
decision makers to ask what effect a change in the per acre ROW cost
or what effect the addition or deletion of certain costs or benefits
would have on the recommended alternative. The results are not affected
by the classification of certain items as costs or disbenefits which is
sometimes a problem with the benefit-cost ratio method. The net benefit
is simply the value of the benefits minus the value of the costs, both
expressed in present or annual worth dollars. Table VI-9 is an example
of the procedure for displaying net benefit information. If this case
study had assumed a maximum cost constraint, then some of the projects

might be eliminated due to excessive cost.



Alternatives*

Do Nothing = Base Line
Condition

Alt. #1 - Detention
Dams

Alt. #2 - Channelize
Alt. #3 - Conduits

Alt. #4 - Dams With
Channelization

* These are not the alternatives presented in the Little Dry Creek UDFC study.

Table VI-9

DISPLAY OF NET BENEFITS

Present Worth
of Costs
@ 5 7/8%

$ 2,150,000***

$ 4,719,158

$ 9,764,850
$18,216,000

$ 6,305,100

Present Worth
of Benefits
@ 5 7/8%

$33,936,868

$34,132,970
$34,311,025

$34,243,252

Net Benefit
(Benefits-
Costs)

-$ 2,150,000

+$29,217,710%**

+$24,368,120
+$16,095,025

+$27,938,152

*% The most economical alternative has the largest positive net benefit.

*** Base Line condition flood damages.

Si1
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CHAPTER VII

THE EVALUATION OF SOCIAL AND ENVIRONMENTAL BENEFITS

The array of UDFC costs and benefits presented earlier (Table VI-9)
included a number listed as '"Intangible." Basically, intangible benefits
and costs are those to which no monetary value can be assigned [1]. For
UDFC projects, the primary intangibles to be considered are social,
aesthetic and environmental, all of which are interrelated. A primary
social benefit is convenience, which can be quantified under certain
assumptions, in much the same manner as the effect of traffic disruptions
on travel time.

Since UDFC 44 water based development, the intangibles to be con-
sidered are basically the same as those provided by other water projects.
Some similarities also exist Between intangible benefits of UDFC projects
and transportation corridors since both may involve the linear develop-
ment of space.

The "Principles and Standards for Water Resources Planning" of the
Water Resources Council provides a description of the categories of
benefits to be considered [2]. Those falling into the categories of
"social well-being" and "environmental quality" are generally considered
to be intangible. These include the following:

1. Environmental Quality
a. Open and green space, wild and scenic rivers, lakes,
beaches, shores, mountains and wilderness areas,
estuaries, and other areas of natural beauty;
b. Archeological historical, biological and geological

resources and selected ecological systems;

117
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c¢. The quality of water, land, and air resources; and

d. Irreversible commitments of resources to future uses.
2. Social Well-Being

a. Real income distribution

b. Life, health and safety

c¢. Educational, cultural and recreational

d. Emergency preparedness.

The "Principles and Standards for Water Resources Planning'" requires
or encourages that beneficial and adverse effects of proposed projects
on these parameters be displayed. This is tantamount to asking for a
statement of benefits and costs from these categories, descriptively
rather than quantitatively because they cannot be quantified.

In spite of the difficulty in quantification, it is known that the
public generally prefers certain views or values highly certain social
parameters. It is therefore possible that methods could be established
to quantitatively consider intangible benefits for decision making purposes.

It should be clearly stated at this point that this report does
not present a firm finished technique for the evaluation of social and
environmental benefits. Such a technique has not been forthcoming even
at the most sophisticated levels of project analysis including projects with
significant impacts such as the siting of nuclear power plants. Rather,

a review of methods in use is presented in this chapter so that the

reader can formulate his own impression of the state-of-the-art of the
evaluation of intangibles. He can then use his own judgment in formulating
descriptions and displays of the intangible benefits and costs of the

UDFC projects he proposes in the most effective manner consistent with

the state-of-the-art of evaluating these intangibles.
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A number of recent state-of-the-art reports have been produced
concerning the evaluation of social and environmental intangibles.

A recent OWRR report [3] evaluated the social dimensions of water re-
sources planning. In this report, the researchers present 42 social
factors that were identified as being significant for water resources
decision making. Using the statistical survey techniques, the relative
importance of these 42 social factors was determined and they were
ranked into a priority list accordingly. This list is reproduced as
Table VII-1. As seen from Table VII-1, hygienic tap water is of high
priority, whereas water sounds for people to enjoy is last priority.
The factors that are significant for UDFC are distributed throughout
the list, but it is noteworthy that flood control is relatively

high.

A recent report by the U. S. Environmental Protection Agency [4]
reviewed current methodologies for evaluating aesthetics and environ-
mental planning. This comprehensive report presents a review of methods
for measuring and quantifying aesthetics. The review is up to date as
the report was published in late 1973. The methods fall into two general
categories. First, visual analysis, which is a method to be used by
planning staff to identify aesthetic attributes in the environment and
to describe the implications of changes in terms of potential uses of
environmental resources. The second category, user analyses, is a body
of techniques for eValuating individual preferences for various aesthetic
stimuli. According to the report, both methodologies are intended to
provide information to assist decision makers and the general public when
considering the advantages and disadvantages of proposed planning activities.

In this report, a number of the best known methodologies are reviewed.
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Table VII-1. Rated Value of Each of 42 Social Factors

VALUE

05*

.91

29

.90

24
14
10
07

.81
.52
.50
.27
.20
.92
.78
.53
.36
.15
.85
.67
.58
.25
.99
.76
.61
.58
.57
.54
.52
.20
.98
.89
.52
.35
.17
.84
.45
.17
.07
.65
.54
.46

1**

27
28

9
13
26
40

2
34
23
11
36
38
18
10

5
22
12
41

6
31
14
15
16
37
21
17

4
24
20
35
42
25
39
19

3
30
33
29

7

8
32

FACTOR

Hygienic tap water

Bodies of water free from sewage

Bodies of water free from radioactive waste products
Water for farming

People not wasting water

Bodies of water free from oil

Public informed about water uses, resources, and problems
Water that is pleasant to drink

Flood control

Drinkable stream and lake water

Water for electrical power

Fair rationing, if water rationing is necessary

Water costs fairly allocated among the people

Natural watery habitats for wild life

Water for industrial uses

Plenty of tap water for people to use as they wish
Clear, beautiful stream and lake water

Recycled water

Public participation in water-management decisions

Water to keep things green

No offensive odors from water or wastewater treatment
Water rationed, to prevent waste or conserve supply
Native planting, to reduce need for watering

Bodies of water for recreation

Fair allocation of water resources for recreation

Scenic beauty of bodies of water

Bodies of water for transportation

Fluoridated public drinking water

Streams and bodies of water free from excessive vegetation
Building-developments kept away from bodies of water
Fish farms

Local population density controlled through water supply
Stream bottoms unsealed, not concreted

Water-resources personnel having good community relations
Natural rivers, free of dams

Water that is not too hard

Visually inoffensive water facilities or plants
Opportunity to live conveniently near to bodies of water
Bodies of water free from excessive noise

Water to keep the streets clean

Water for private or public swimming pools

Water sounds for people to enjoy

*

Preference ratings
** Original list number
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This includes the environmental quality rating system, prepared by the
Bureau of Outdoor Recreation, the Environmental Evaluation System (EES)
the Water Resources Planning devised for the Bureau of Reclamation, the
procedure for evaluating environmental impact devised by Leopold for the
U.S. Geological Survey, and a number of others. Most of these methodolo-
gies have great potential when used properly. They all attempt to
measure the very complex interactions between the human and natural
environment. As an example of the complexities to be considered,

Figure VII-1 which gives an overview of the environmental evaluation system
is presented [5]. All of the impacts listed presumably would fall into
one of the categories of the Water Resources Council.

A recent Corps of Engineers publication, reported on a symposium
which was directed toward a technique for quantifying aesthetic qualities
of water resources [6]. This document contains six independent papers
and a summary paper presented at the colloquium. In the summary paper,
the participants agreed that any method for aesthetic quality quantifi-
cation must meet the following criteria:

1. Be based on the theoretical framework

2. Be generated from public experience and not the developers
biases.

3. Be adaptable to diverse planning methodologies (i.e., have
usable outputs and be budget-realistic)

4. Be functional for both regional and site analysis.

5. Be predictive of change

6. Be designed to deal with both cognitive and physical
aspects of aesthetic experience.

7. Be adaptive to consider the situational state of the

area user.



ENVIRONMENTAL IMPACTS
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1

Ecology (240)

Environmental

Aesthetics {(153)

Human Interest (205)
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zel
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8. Be capable of identifying unique aesthetic opportunities.

9. Be built to eliminate response bias and deal with uncer-
tainty judgments.

10. Be designed utilizing cardinal scaling.

11. Be reliable and valid.

One of the papers, that by Gum [7], actually presented a technique
for quantifying aesthetic opportunities. In the summer session, the
participants agreed that this approach had possible merit. It is not
described in detail in this report, but the reader is referred to the
original publication.

Another interesting approach to the quantification of these in-
tangibles was presented by Battelle Laboratories, for the Atomic Energy
Commission [8]. This document, which was basically prepared to present
a methodology for evaluating social and aesthetic values associated with
nuclear power plants, contains a methodology which might be useful for
water resources projects. They examined a number of data sources, and
determined that eight criteria were significant for use in analyzing
nuclear plant options. These were: economics, water quality, air quality,
animal/plant life, cultural/recreational, health/safety, aesthetics and
land use. In the case of aesthetics, a method was developed to express
relationships between viewscape quality and the basic components of the
impactness, vividness and unity. The analysis can be complex up to the
point where it becomes burdensome, according to the report. They identi-
fied three major weaknesses in the methodology for evaluating alter-
natives. These were: 1) lack of quantification of most effects, 2) lack

of measure of community social values, 3) lack of methods for integrating
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social values with techno-economic ones. This report should be of
significant interest to landscape planners and members of the inter-
disciplinary teams most interested in the visual impact of their
designs. It is felt that the methodology is too detailed and complex
for engineers working on UFDC projects.

In summary, a great deal of literature is becoming available on
the quantification of intangible costs and benefits. These have been
recognized as important for the evaluation of water resources projects
at the federal level. The emergence of the new federal'Principles and
Standards for Water Resources Planning," which puts environmental quality
in as an objective, essentially equal with national economic development,
signals that intangible benefits are to be considered in a significant
fashion. The only appropriate methods to display them at the present
time appear to be through a descriptive approach with none of the
quantification methodologies yet being adaptable at the practical level.
Some additional literature is sighted in the references for this chapter,

for those readers who would like to investigate this question further.
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CHAPTER VIII

REALITIES OF IMPLEMENTATION

Implementation is the most crucial and difficult phase of an
UDFC project. Without the necessary approvals and funds, all of the
planning, engineering, and economic analysis is in vain. This point
is well known in public works circles, especially regarding drainage
problems. The point was made previously in this report that over half
of the recommendations contained in the comprehensive APWA drainage
report of 1966 [6] were for more work on implementation and financing.

Implementation is a deliberate and phased process tempered
by political pressures. In metropolitan areas, implementation is com-
plicated by multi-jurisdictional problems.

The initial step in the implementation phase is the master
planning process,:  which consists of definition of the problems and
solutions, development of facts, and preparation of a preliminary
design for an agreed-upon solution. It is during the master planning
process that benefits and costs are identified for the various solutions
available. Benefits and costs are an important aspect of alternative
selection, which in some cases is very difficult, particularly when
several entities are involved.

Benefit and cost facts serve as input for decision making and
should be considered in this perspective. The alternative with the
highest benefit-cost ratio may be unacceptable because of high capital
costs or adverse environmental effects. However, benefit-cost analysis
may be used to optimize a given design using storm frequency as the
variable. Another possibility may be to select an alternative with a
favorable benefit-cost ratio (but not necessarily the highest) but
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with a low capital cost. 1In any event, benefit and cost facts provide
the information necessary for public works officials and political
bodies to compare, consider, evaluate, and select desirable and cost
effective solutions to drainage and flooding problems.

The completion of a preliminary design does not guarantee
implementation. However, it is difficult to implement without a pre-
liminary design. There is typically a limited amount of general funds
available for drainage improvements, and a critical problem is how
to allocate the available monies. This is where the political process
plays a critical role, with the general criterion being the distri-
bution of funds over a period of time to benefit all constituencies
in a manner similar to their contribution. This is generally true
regardless of the level of government involved. At the local govern-
ment level, councilmen or county commissioners try to get things done
for the districts they represent. At the state level, legislators must
keep those that elected them happy. At the federal level, the '"pork
barrel" projects championed by legislators from local areas are common.

To a large extent, implementation depends on political pressure
which in turn, is generated by the affected public. The public works
official is usually aware of the problems and is generally not surprised
by political pressure. If he has prepared well, he may have a master
plan on hand that can provide a basis for implementation. If a solution
is defined, and costs and benefits identified, the professional and his
process and the political representative and his process can join forces
to attack the problem.

With the technical background and political support, the public

works official attempts to develop ways to finance the proposed improve-
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ments. There is a distinction between types of projects and sources of
finance because the beneficiaries vary with different projects. It is
difficult to justify using general tax funds to finance a project of
obviously localized benefit. It is not impossible, however, if it

can be shown that general funds will be distributed equally throughout
the region over a reasonable period of time. The time frame is usually
a problem, however, and pressure develops to solve problems in a more
rapidly responsive manner.

Politically, elected policy makers will be more inclined to work
toward financing drainage solutions if they have received adequate
information as to the problem, who is affected, and costs and time of
potential solutions.

The concept of incidence and equity can provide a basis for a
method for addressing problems in a time frame consistent with politi-
cal pressures. If the relationship between project cost and those who
benefit can be identified, then funding schemes can be developed based
on equity. If the people who benefit do not want to pay, then the
general public cannot be expected to pay, and that problem can be
dropped for the time being. Some common practices regarding finance
sources for different type projects are listed in Table VIII-1. It
was shown earlier in Figure II-1 that major and minor UDFC projects
result in different types of benefits, which necessitates justifying
each effort on a project by project basis.

There 1s rather sparse literature on the specific problems of
financing UDFC systems. A recent Water Resources Council publication
covered some state ordinances on selected financing techniques [7].

There is some literature on special assessments [2,4], but very little
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Table VIII-1. Sources of Finance for Different
Types of UDFC Projects

PrOJe%t Minor Projects Major Projects
Development Ype
Phase
Existing Development General Tax Fund General Tax Fund
Special Assessment Special Assessment
Special Grants (for Special Grants (for
drainage) flood control,
Service Charge multi-purpose
developments)
Service Charge
New Development Developer's Responsi- Basin Fees
bility Master Planning
Basin Fees Dedications
Master Planning Anticipatory Zoning

in the way of overview documents on this subject. There does exist,
however, considerable literature on the subject of public finance at
the federal, state, and local level. Public finance is a respectable
discipline within the economics/public administration disciplines.
The reader is referred to Reference [5] for an overview of this area.
Finally, there exists a number of references related to rate setting
and service charges for utilities, some of which may be applicable to
this problem (See [1] for example).

Whenever the questions of implementation and finance-arise, legal
arguments must be satisfied before a plan can proceed. In the provision
of urban public services of all types, benefit-cost analyses are on shaky
ground until the term '"benefit' is specifically defined. For the most
part, it has not been specifically defined in formal legislation. The

Colorado State Legislature, however, did pass legislation in 1975 to
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define what benefits may be accrued to a drainage or flood control
project. Appendix A is devoted to a legal analysis of this problem
and includes a copy of the legislation.

There are three basic methods which can be used to raise funds
for urban drainage facilities: (a) general ad valorem taxes and/or
sales taxes; (b) special assessments; and (c) service charges or fees
which users must pay. The essential elements of each method are noted
in the paragraphs below.

General Ad Valorem Taxes and Sales Taxes. Most local governments

are authorized to levy taxes against property within their jurisdictions
for the general benefit and public health, welfare, and safety. Some
localities, such as Denver and many other cities in Colorado, also have
heéd and sales taxes which generate revenue for general funds. If a
local government so desired, drainage projects could be funded by using
monies from such general funds.

Special Assessment. In special assessments, property is assessed

according to the "benefits" received from the specific drainage improve-
ment being made. The Colorado Statutes (See Chapter 89, Section 2,
Colorado Revised Statutes) provide that it is lawful to construct im-
provements and to assess the cost thereof upon property "especially
.benefited” by such improvements. The term ''especially benefited" has
been generally defined by state courts as increase or enhancement of
value in property. However, the Colorado State Legislature recently
defined the term '"benefit" but the new law has not yet been tested.

Service Charge or Fees. Service charges should be distinguished

from assessments or taxes, since the law places different requirements

on each. Service charges may be generally defined as amounts imposed
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to defray the costs of particular services rendered for one's account.
Important elements in such charges are the actual provision of some
tangible service or commodity, a relation between the charges imposed
and the value of the service rendered, and a specific usage of charges
collected for the provision, and maintenance of the particular service
and service facilities. An example of such charges would be the fees
paid for water and sewer services. In both cases, as with drainage
facilities, a collection and distribution network is required, which
may involve transmission facilities and larger works at various points
within the network. At present, there is specific authority in Colorado
statutes for service charges or fees for drainage. Such a method of
charging users has operational precedent with water, sanitary sewer,
airport, parking, turnpike, park, etc. user fees.

The financing question for UDFC problems is an important one which
has not been resolved locally or nationally. This question is inter-
twined with the need for better benefit-cost analyses, which is the
necessity to be able to relate benefits to beneficiaries.

Financing questions have not been addressed in depth in this
study. An earlier study for the Urban Drainage and Flood Control District
discussed in detail, the alternative measures available, but the results
of this study have not yet been implemented because of certain financing

constraints [3].
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APPENDIX A
LEGAL BASIS FOR ESTABLISHING DRAINAGE BENEFITS

INCLUDING MODEL LEGISLATION

1. '"What Constitutes 'Benefits' for Urban....Page 137
Drainage Projects"

2. Senate Bill No. 52........ ..., Page 146
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As part of this project a paper was prepared by W. J. Shoemaker,
a Denver attorney and Colorado State Senator, on the legal problems
of establishing drainage benefits. Subsequently, Senator Shoemaker
introduced Senate Bill 52 into the legislature to provide for the
establishment of these benefits, dependent upon sound technical
analysis.

Senator Shoemaker's background paper appeared in the Denver Law
Journal, Vol. 51, No. 4, 1974, and is reproduced here. Senate Bill 52,

which can serve as model legislation, appears afterwards.



What Constitures “BeNerirs’” For URBAN
DRAINAGE PROJECTS

By W. JosEPH SHOEMAKER®

A tunnel which, though serving no uscful purpose as an isolated
transportation unit, is intended to furnish an avenue or highuway to
be leased to public transportation agencies, is a public improvement
for a public use, for which taxes may be imposed.

INTRODUCTION

Colorado has a history of finding legal justification for public
improvements as the holding above witnesses. Milheim v. Moffat
Tunnel Improvement District, a famous Colorado case, involved
an even more famous engineering feat, that of boring a railroad
tunnel, with provisions for a 108-inch water pipe, through the
Rocky Mountains. That case has set a precedent upon which
proponents of urban drainage projects may also rely. In order to
use the Milheim precedent to advocate such a cause, however, it
is important to understand the distinction between assessing
property for general benefits which accrue to the community at
large as contrasted with assessing property for the special benefits
which must accrue directly and solely to the owner of the land in
question and not to others. Milheim approved of the former
method of assessing, although most of its language related to the
special benefits the property owners would receive.

Most public improvements, including urban drainage pro-
jects, are financed with revenues obtained from taxes paid by the
public.? Drainage improvements in rural areas have long been
financed by establishing drainage districts® which assess rural
lands for the cost of building and maintaining drainage facilities,
while urban areas have been given authority to use local improve-
ment and special improvement districts to build drainage works.*

* Partner, Shoemaker and Wham, Denver, Colorado; B.S., 1947, United States
Naval Academy; J.D., 1956, University of Towa.

! See Milheim v. Moffat Tunnel Improvement Dist., 262 U.S. 710 (1923), off g 72
Colo. 268, 211 P. 649 (1922).

! Private funds sometimes are received. User fees are becoming more popular us &
means of financing public projects, e.g., airport facilities, sewage treatment works, turn-
pikes, water works, because such fees relate to services received as opposed to the value
of one’s property.

? Coro. REv. STAT. ANN. § 47-1-1 (1963).

* Coto. Rev. STAT. AsN. § 89-2-1 (1963): “It shall be lawful . . . to construct any of
the local improvements mentioned in this article and to assess the cost thereof . . . upon
the property especially benefited by such improvements.” Further, “Such improvements
may alao consist of the construction of sewers . .. ."” id. § 89-2-2(1)(a) (1963).
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In local improvement districts, the property owners vote on the
issue of whether their property should be taxed to pay for the
improvements. Whether their property will be generally bencjited
to the extent of the additionai taxes is the determinative issue.
In special improvement districts, the property owners are as-
sessed in relation to the special benefits bestowed upon their
property by the construction of the improvement. The assessing
government eventually has the burden of showing these benefits.

In the application of user fees toward the construction of
urban drainage projects, the users are entitied to question
whether the fee paid is commensurate with the cost of the facility
and the benefits received from the use of such facility. Any re-
sponsible governmental builder will clearly delineate the benefits
to be received by his constituents from proposed drainage projects
before adding to the taxation burden of those same constitucnts
the amount necessary to derive revenues to pay for the drainage
projects. Therefore, whether the urban drainage project is of
general benefit or special benefit, someone in government—
whether administrative, legisiative, or both—has to know what
the judicial branch ultimately may hold to be a legal benejit for
which taxpayers may be taxed.” One objective of this article is
to provide some background on what courts may decide on urban
drainage projects as to special versus general henefits.

Drainage projects have had minimal success in competition
with other public improvements (such as housing, transportation,
etc.) because the benefits of drainage projects have been narrowly
construed in those cases involving special improvement districts
as a taxing mechanism, in which special benefits have to be
proved. The main undertaking of this article is to demonstrate
that the narrow special benefit viewpoint is to be distinguished
from the general benefit definition so that public builders of
urban drainage projects may have the justification needed to
merit their use of taxpayers’ dollars. Additionally, the legal
meaning of benefits as interpreted by the courts in difierent fac-
tual settings will be examined.

I SerciaL BEngrtTs

The commonplace problem of surface water drainage has been
around for so long that some municipal officials have ignored the

* Legislation is needed in most jurisdictions to define “benefit"; see proposal pre-
sented in CONCLUSION (nifra.

LET
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tloodt and health hazards which outmoded drainage systems pose to

our growing ciiies.*

When the above statement was made in 1968 by this author,
it was a reflection of the practical frustration inherent in trying
to use the special improvement district as a funding mechanism
for drainage improvements.” The legal hurdles that have devel-
oped over the years in special assessment cases have been enough
to discourage the most energetic public works official from ever
attempting to solve drainage problems. A brief review of this
method of financing special drainage improvements will show
that the narrow legal interpretation of benefits relates to the
method of financing, not to the need for urban drainage improve-
ments. .

Most statutory enactments which relate to the authority of
local governments to construct drainage improvements follow
this general form:

The City and County shall have the power to contract for and make

local improvements, to assess the cost thereof wholly or in part upon
the property especially benefited . . . .* ’

-+ . [and] the cost shall be assessed in proportion to the henefits

received.!

This method of financing an improvement follows the histor-
ical language contained in the statutory authorization* allowing
farmers to join together in a district to drain their lands by tiling,
building drainage channels, or deepening existing natural water-
ways. Property owners pay the cost of such projects by assessing
a mill levy against properties in the district commensurate to
benefits received.

¢ Editorial preface to Shoemaker, An Engineering-Legal Solution to Urban Drainage
Problems, 45 Denver L.J. 381 (1968).

' Id. Since that article was published, and to a great extent because of the article,
the Colorado Legislature in 1969 provided for the establishment in the Denver metropoli-
tan area (Adams, Arapahoe, Boulder, Denver, Douglas, and Jefferson Counties) of the
Urban Drainage and Flood Control District with a milt levy authority of one-tenth mill
for planning purposes and authority to seek 2 milla for construction of projects. Coro. Rev,
S7at. ANN. § 89.21-22(4) (Supp. 1969), as amended, § 89-21-22(4) (Supp. 1971). In 1973,
the Colorado Legislature added an additional authorization to the Board of four-tenths
mill for construction of drainage and flood control improvements. Ch. 286, § 1, [1973)
Colo. Sess. Laws 996.

* Crry ano County or DEnveR, Covo., CHARTER § A2.4.

' 1d. st A26.

" CoLo. Rev. STAT. ANN. § 47-4-1(1) (1963): “The tracts of land which will receive
most and about equsl benefits shall be marked one hundred, and such as are adjudged to
receive less benefita shatl be marked with a less number denoting its per cent of benefit.”

Rh4 DENVER LAW JOURNAL [Vor. 51

It is noteworthy that nowhere in the eatire 18 sections of the
Colorado statute is the word benefits defined. This legislative
failure to define benefits has delegated the duty to the courts. The
cases do not directly define benefits, but rather tell what bencfits
are not. This narrow negative interpretation of benefit legislation
discourages municipal officials interested in building drainage
improvenments. What follows is the putting inlo perspective of
what appears to be the narrow meaning of benefits in special
assessment cases. In each case a particular property taxpayer, not
the general public, brought the appeal based on the owner’s con-
tention that his property was not specially benetited, essentially
meaning that it received no more benefit than anyone else’s prop-
erty. All of the following factual situations are matched against
the special improvement financing theory thai the basis of the
right to levy an assessment for an improvement is the particular
benefit received by the property charged.” )

" A landmark case is Ferguson v. Borough of Stamford,® where
the court stated that improvements may not be assessed upon
those benefited only as members of the community at large, nor
may they be assessed to an amount greater than the amount of
benefits conferred. Like all other taxation, improvements should
be apportioned, as far as possible, equitably among all who are
similarly interested. Stated another way, a general benefit alone
will not support. a special assessment to help pay the cost of a
drainage project. There must be a special benefit to the specific
property to be charged which increases its value, relieves it from
a burden, or adapts it to a superior or more profitable use."

Another case defining the elements of special benefit with
greater certainty is Peterson v. Thurston,' where it was declared
proper to consider whether a drain would make land more valua-
ble for tillage, or more desirable as a residence, or more valuable
in the general market, the final test being the influence of the
preposed improvement on the market value of the property.

In Hoepner v. Yellow Medicine County," a county in Minne-
sota proposed to convert part of a natural waterway into a public
drainage ditch and outlet. The plaintiff’s land was separated

" Coro. Rev. STAT. ANN. § 47-4-1 (1963).

1" 25 AM. Jur. 2d Drains and Drainage Districts § 46 (1966).
" 60 Conn. 432, 22 A. 782 (1891).

" 25 AM. Jur. 2d Drains and Drainage Districts § 46 (1966).
* 161 Neb. 758, 74 N.W.2d 528 (1956).

* 241 Minn. 6, 62 N.W.2d 80 (1954).

8CT
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fiom tne natural waterway by about 1,000 feet, and the land had
sune sloughs, the largeat of which drained tlirough a private open

auch across a neigubor's land to the natura watercourse. The

ininresota Supreme Court stated:

[Thej question prerented . . . is whether a lendowrer as a matter

of law receives assessable drainage benefit in a drainege improv-

ment proceeding . . . solely by reason of the fact ihat the surface

water on his Jand s drained into the public ditch involved even
thevgh he had a right to use, in its natural condition, the outlet
which is to be the public ditch and even thougk these is no showing

that the pubiic dit~h utfers a better outlat.”

The county contended that the deepening of the creek would
‘acilitate tiling of plaintifl’s land and give an advantage of sub-
swrlace drainage. Plaintiff contended that the open ditch pres-
ently ueed adequately drained the subsurface; and, in fact, that
tlie open ditch had a greater capacity for drainage than any tile
which conld be installed. The county further contended that
pleintiff’s outlet to the natural water course wes only based on
s:¢ oral permission given by the neighbor and that the public
‘mprovement would make the outlet more accessible. The Minne-
ceta Suprere2 Court found the plaintiff not to be specially bene-
“viea and Lused its finding on the language of the statute in-
viaved.™ “{Llands mnay be assessed for benefits wien the con-
siruction of the drainage system ‘Makes an outlet more accessi-
bie, or otherwise directly benefits such lands or properties,’ "W
The court held neither to be the case here.

In Cirasella v. Viliage of South Orange,™ the question was
raised whether or not a siorm-sewer improvement provided a pe-
culiar benefit to the plaintiff's property which was not contiguous
o the storm-sewer improvement and was not contiguous to any
pipe or pipes carrying surface drainage into the storm-sewer. The
slonia-sewer improvement had heen built to carry the surface
runoff from the lands of plaintiff and others. The New Jersey
court. in affirming a lower court ruling that plaintifi's lands were
not benefited, stated:

Assessments as distinzuished from otner kinds of taxation, are those
special and local impositions upon the property in the iramediate
vicinity of municipal improvements, which are necessary to pay for
the improvement, and are laid with reference to the special benefit

" Id st 9, 62 N.W.2d at 83,

" MUNN, STat. § 106.151 (1971).

* Hoepner v. Yellows Medicine County, 241 Minn. 6, 1v, 62 N.W.2d 80, 84 (1954).
® 07 N.J. Super. 522, 156 A.2d 134 {1959).
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which the property is supposed to have derived therefrom . . . . The
foundation of the power to lay a special assessment or a apecial tax
for a local jmprovement of any character, whether it be vpening,
improving or paving a street or sidewalk or constructing a sewer, or
cleaning or aprinkling a street, is the henefit which the ohject of the
assessment or tax confers on the owner of the abutting property, or
the owners of property in the assessment of special taxation dis-
trict, which is different from the general benefit which the owners
enjay in comman with the other inhabitants or citizens of the munic-
ipal corporation. Accordingly, it is now well settled in most jurisdie-
tions that adjacent property may be specially assessed to defray, in
whole or in part, the cost of local improvements by which such
property is especially benefited. That doctrine, as stated, is based
for its final reason on enhancement of values. That is to say, the
whole theory of local taxation or assessments is that the improve-
ments for which they are levied atford a remuneration in the way of
benefits. Whether the property has been specially benefited by an
improvement is generally regarded a question of fact, depending on
the circumstances in each case, for the determination of the proper
tribunal. The broad question is whether the general value of the
property has heen enhanced, not whether its present owner receives
advantage.?

In Frank v. Renville County,” another Minnesota case, the
factual dispute was set forth in some detail and illustrates in
words the historical conflict in most special assessment drainage
cases. The county constructed a drainage ditch across the plain-
tiff’s land and determined that benefits accrued to the land.

"ld. at 525, 155 A.2d at 137 citing In re Public Service Elec. & Gas Co., 18 N.J."Super.
357, 363, 87 A.2d 344, 346 (App. Div. 1952). For purposes of determining whether property
will be benefited by creation of a parking district, “[blenefit is usually considered as
tending to reflect enhancement in the market value of property . . . . Local zoning ordi-
nances are matters which help determine market values . .. . Jeffery v. City of Salinas,
232 Cal. App. 2d 29, 37, 42 Cal. Rptr. 486, 493 (1965). :

When the owner of a lot is taxed for municipal improvements, the benefit is not the
benefit to the public at large but to the owner of the lot. The phrases benefits and
increased value are interchangeable terms since, where tax is apportioned according to the
increased value of a lot, they are the same thing as the value of the benefit which the owner
receives from the improvement. Garret v. City of St. Louis, 25 Mo, 505, 511, 69 Am. Dec.
475, 478 (1857).

Benefit is the increment of value to land affected by improvement and represents the
difference between market value of land before improvement and immediately after im-
provement. A ts for imp: ts must be such special, pecuniary benefits as
result to a particular landowner by resson of his ownership of land affected, as distin-
guished from general benefits to the public. Maywood Land Co. v. Rochelle Park T., 13
N.J. Misc. 841, 181 A. 696 (1935).

The terms “benefits” and “to be benefited,” as used in an act providing for organiza-
tion of flood control districts, mean that a landowner has received, or will receive, by
reason of improvement, an increase in market value of his property. Weyerhaeuser Timber
Co. v. Banker, 186 Wash. 332, 342, 58 P.2d 285, 289 (1938).

7 242 Minn. 172, 64 N.W.2d 750 (1954).

6¢1
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Damages to the plaintif’s land were also establish=d and the
picintiff appealed both counts, that henelils were assessed toc
high, and damages too low. The plaintiff's position. was thal a
200-acre farm which produced an average annual income of
$12,500 could not be benefited to the ex‘ent of $3,000 by any
drainage system when only 3 or 4 acres of crop on his land was
lost in 2 out of 5 years because of inadequate drainaze. He further
claimed his land was substantiaily and materially damaged b
coustruction of a 40-foot ditch ac-oss his land.

The county contended the improvement would necossiiaic

less maintenance than plaintiis iile system; result in water mov-
ing more rapidly from the tinct; aad water would he cleared from
several acres where it was covered most of the time. Plaistiif
further contended that the ereation of the hanks (caused by in-
creasing the depth of the diteh from 8 to 10 feet), the cost of a
bridge crossing over the ditch, and resulting inconveniences to his
farming operations were damages for which he should be compen-
sated, The Minnesota Supreme Court reversed the lower court
and remanded the case for a new trial on both issues: The kenefils
assessed to the plaintiff and the damages awarded to him.

Colorado’s Supreme Court has spoken decisively and consis-
tently on the same issue.? In Sania Fe Land Inprovement Co. v,
City & County of Denver,* a sanitary sewer special improvement
district case, the court fouad support for special ascessinents
under the theory that the property against which they are levied
derives some special, immediate, and peculiar bunefit by reason
of the improvement, in addition to, and different from that en-
joyed by other property in the community outside of the district
in which the improvement is made. That is, the lucal improve-
ment peculiarly enhances the value of the property against which
the assessment is levied, to an amount egual to, if not in excess
of, the amount of the special aszessment.

In Hildreth v. City of Longmont,® upholding a district conrt
ruling that property was benefited, the Coloradn Supreme Court
stated:

Generally speaking, only such beuefits are to be assessed as it is

® Milheim v. Moffat Tunnel Improvement Dist., 72 Colo. 268, 211 P. 649 (1922),
Legal practitioners have guestioned, however, wheiher the lundinark cusc of Miiieir is a
special bencefit case or general benefit case, or whether, because of the novelty of tha
subject motter as opposed to a sewer or sirect improvement case, the ccurt came to its
conclusions using both special benefit and genernd benefit lunguage,

* 89 Colo. 309, 313, 2 P.2d 238, 239 (1931).

B A7 Colo. 79. 195 P. 107 (1509).
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reasonably apparent the property will receive other than the weneral

henefit to the community, and nothing is to be considered a benetit

which does net enhance the value of the property. Vacant lots may .

have no present use for a sewerage system; but it adds to their value

by giving them a sanitary advantaze which renders them salable at

a price which otherwise they could not command, because of their

desirability . ., . »

Town of Fort Lupton v, Union Pacific Railroad Co.% was an
action by the railroad to enjoin the city of Fort Lupton from
assessing railroad property for strect and curb improvement. The
railroad pointed out that the street improvement provided no
additional access for its customer traffic, no increase in revenues
to the railroad, and no physical heuefit to the railroad's property.
The Colorado Supreme Court aflirmed a lower court's finding
that no benefit inured to tke railroad despite the citv's contention
that a declaration of benefits by the city council shall be prima
facie evidence of the fact that the property assessed is benefited
in the amount of the assessments.?*

It should be apparent at this point that some differences
exist among the various definitions of special benefits, depending
upon whether urban or rural land is involved. The above cases are
in general agreement that urban land is specially benefited if its
market value is increased by the installation of storm or sapitary
sewers. Thus, even vacant urban land may be specially benefited
by such improvements, as its market value and salability in-
crease. It should be noted that the increase in value is a benefit
which may never be converted to cash by a landowner if he never
sells or transfers his land, and thus may never be realized. In the
case of a sanitary sewer, the actual use thereof is a béenefit tangi-
ble enough to justify assessment. :

When rural land is involved, the above cases seem to imply
that a present special benefit is necessary. Rural land often seems
to require some agriculturally-related benefit, such as drainage of
flooded land for use as crop land, or increasing runoff to promote
earlier planting. These benefits are often balanced against cost

™ Id. at 86, 105 P'. at 114 (emphasis added).

7 156 Colo. 352, 399 P.2d 248 (1965). See also District 50 Metropolitan Recreation
Dist. v, Burnside, 167 Colo. 425, 448 P.2d 788 (1968). In Burnside, the Coloradn Supreme
Court upheld a statute which excluded raiiroad property from levy for recreational d.strict
purposes. The court stated: "“The section is a legislative declaration of what is obvious —
that the property excluded would not benefit from, or have any use for, playgrounds, golf
courses and swimming pools.” Id. at 431, 448 P.2d at 791. It would be helpful if the
legislature were to set forth what constitutes benefits, or criteria for public officials to use.

™ Id. at 354, 399 P.2d at 249,

ovi
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and inconvenience to the rural land owner. Increase in land value
may also be a consideration in assessing rural drainage projects.

Special henefits, then, have at least one common denomina-
tor in economic value. If a monetary benefit can he shown to have
accriied to a landowner by reason of an improvement (increased
market value, increased crop production, etc.), then special as-
sessment becomes more feasible. Difliculties may arise where no
value can be assigned to an improvement by a landowner, such
as the drainage of land used as a refuse dump by the owner.

In all cases where the special improvement assessment has
been upheld, the burden was on the assessing government to show
that the improvement had a unique and distinguishable benefit
to the particular land owner assessed, apart from and beyond
benetit to the public at large.

II. GENERAL BENEFITS

It would be most helpful to builders of urban drainage im-
provements if legislative bodies defined potential types of bene-
fits from urban drainage projects, leaving exact dollar amounts
to the facts of each proposed improvement. Thus, if a special
improvement district were determined the best method of financ-
ing the improvement, the types of benefits would have to be

evaluated with respect to each piece of property assessed. On the

other hand, if property were to be assessed generally for the cost
of the improvement, the types of benefits would only have to be
cvaluated for the total area covered by the district to answer the
general question of whether benefits equalled or exceeded the cost
of the improvement.

There are several resources to assist legislators in drafting
types of benefits. Benefit has been defined as “[a]dvantage;
profit; fruit; privilege,”” and also as;

[a] contribution to prosperity; whatever adds value to property;

advantage; profit; whatever promotes eur prosperity, happiness, or

enhances the value of our property rights, or rights as citizens, as
contradistinguished from what is injurious.”
Moreover,

“[blenefit” is not limited to pecuniary gains, nor to any particular
kind of advantage; it refers to what is advantageous, whatever pro-
motes presperity or happiness, what enhances the value of the prop-

® Brack's Law Dicrionary 200 (4th ed. 1951).
® Baeenting's Law Dicrionary 131 (3d ed. 1968). See National Surety Co. v. Jarret,
95 W. Va. 420, 121 S.E, 291 (1924) for a testamentary definition of benefit.
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erty or rights of citizens as contradistinguished from what is inju-

rious.

Benefit has also been defined in general terms in cases. The
leading Colorado case of Miltheim goes into some detail as to what
constitutes a benefit.® A number of plaintitfs brought suit to
enjoin the defendants from proceeding under a statute creating a
tunnel improvement district, the ground of the action being that
plaintifls’ property would be burdened by an illegal tax. Issues of
law and fact were presented as to the benefit to the property
subject to assessment. The District Court of Jefferson County
heard evidence upon the question of benefits and found for the
defendants. The Colorado Supreme Court affirmed.

The Tunnel Improvement District in Milheim was created
for the construction of a transportation tunnel through the conti-

. nental divide for transportation between the western and eastern

portions of the state. Properties in nine counties were to be as-
sesscd. One of the contentions of the plaintiffs was that the im-
provement was not for public use. The Colorado Supreme Court
stated:

|A} use may be public though not many persons may enjoy it. This

is well established, the requirement being that the improvement be

open to use by all persons who have need of it.»

If the husiness proposed to be carried on is essentially for
public bencfit and advantage, then the use is public. In determin-
ing a public use, the criteria followed by the court consisted of (8)
the physical conditions of the country; (b) the needs of a com-
munity; (c) the character of the benefit which a projected im-
provement may confer upon a locality; and (d) the necessities for
such improvement in the development of the resources of a
state.¥ .

Tt was further contended by the plaintiffs that the benefits
were unequal. The court stated: “The law does not require that
the benefits should be exactly equal.””® The plaintiffs further
objected cn the grounds that me ppecial benefits accrued to the
property owners in Jefferson County because of the tiinnel. The
court noted:

{TIhe tunnel will make possible the defivery of coal in Denver at a

" A. Booth & Co. v. Weigand, 36 Utah 138, 83 P, 734 (1906).

# Milheim v. Moffat Tunnel Improvement Diet., 72 Colo. 268, 211 P. 649 (1922).

B Id at 270, 211 P. at 651.

¥ Id. citing Tanner v. Treasury Tunnel, Mining & Reduction Ce., 35 Cole. §93, 606,
83 P. 464, 465 (1906). .
® Id. at 273, 211 P. at 653.

[
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considernhly lower [reight rate, and hence make it probable that the
growth and prosperity of the city will be malerially promoted. That
being true, the lands in Jefferson County within this district will
assuredly increase in value with the growth of Denver.®

A concurring opinion in Milhcim further observed that:

‘The area of the district is one which is cut ofl from intercourse with

the rest of the world for many weeks in the year . . . . The lack of

easy communication, and, for some periods during the year, of any

communication at all, with other parts of the state, interrupts and

jeopardizes commercial intercourse of all kinds. Products from this

vast and fertile territory cannot be marketed with any degree of

assurance. The proposed improverent is needed and will benefit the

district in a peculiar and local way above any possible benefit to the

state at large.”

The broad interpretation of benefit by the Colorado Supreme
Court lends credence to a possible effort by the Colorado Legisla-
ture to define benefit.

Courts in other jurisdictions have also expanded upon the
meaning of benefits for purposes of justifying taxation of property
to defray the costs of improveménts. In a recent Florida case
involving the ecological impact of a proposed project, Seadade
Industries v. Florida Power & Light Co.,® it was held that since
the constitution declared the policy of the State as to natural
resources, the protection of resources is an appropriate matter for
consideration in condemnation cases. In Seadade, the plaintiff
maintained that the proposed canal to carry spent cooling water
from a generating plant to the body of water into which it was to
be discharged, was unnecessary because the spent water would
harm the permanent body of water. The Florida Supreme Court
found that the defendant successfully showed that the discharge
would be acceptable and no irreparable harm would result. The
type of benefit under consideration related to preservation of a
permanent body of water.

A case distinguishing assessment for benefits to the general
public from assessments to particular property not specially ben-
efited, is Crampton v. City of Royal Oak.® Royal Oak had created
a special assessment district in a downtown area for development
of pedestrian malls and plazas, among other improvements.
Plaintiffs contended their property would not be “specially bene-

* Id. at 278, 211 P. at 654.

" Id. at 290-91, 211 P, &t 658.

* 245 So. 2d 209 (Fla. 1971).

* 362 Mich. 503, 108 N.W.2d 16 (1961).
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fited” and that the city's method of assessing, i.e., one part on
assessed value of the land for general tax purposes and the second
part hased on closeness or remoteness and square footage of each
parcel, was in error,

The Michigan Supreme Court in Crampton reversed a lower
court decision which had upheld the assessor's method. In declar-
ing that special assessments must be based on special benefits to
particular parcels of property and not on assessed valuation, the
court referred to an earlier Michigan decision, Grand Rapids
School Furniture Co. v. City of Grand Rapids,® in which it was
stated that assessors “are simply to apportion a fixed amount, not
with reference to values alone, but also with reference to needs,
necessities, and advantages.”" The Michigan Supreme Court
also reaffirmed an earlier principle that “future probable advan-
tages may be considered in assessing benefits, and that incidental
benefits may be taken into account as well as those directly re-
ceived by the land.”*? The court further stated:

The improvement here involved is not primarily one for the protec-
tion of property but is designed to benefit the city as a whole, and
the property within the assessment district specially, by promoting
the use and enjoyment thereof and enhancing its value. . . .

4 IIr.l a case of this nature, consideration must be given to the
purpose to be attained by the public improvement sought.®
In this case, the assessment was set aside by the court and the
municipality was given the right to substitute a new assessment
based on benefits received by each parcel of land within the as-
sessment district. :

In a dissenting opinion, Justice Black observed that what could
be benefits for some in the assessment district could be detrimental
for others in the district. He quoted from the city’s brief as follows:

It takes no great imagination to see that an area easily accessible to
pedestrian and motorist alike in safety, free from fast moving
through traffic and congested local traflic with its attendant noise,
fumes, and general commotion, systematically and conveniently
planned and laid out, generously interspersed with large free park-
ing areas, and beautified with landscaping and decorative malls and
plazas, is to be preferred far and away over its opposite counter-
part."

® 92 Mich. 564, 52 N.W, 1028 (1892).
" Id. at 569, 52 N.W. at 1029.

* 362 Mich. at 522, 108 N.W.2d at 24.
% Id. at 523, 108 N.W.2d at 25-26.

" Id. at 532, 108 N.W.2d at 29.
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Justice Black then went on to agree with these benefits as
related to some property owners, but pointed out that the di-
verted traffic, fumes and noise could be a detriment to others:

Such a project benefits, yes. The shopper is convenienced and at-

tracted by comfortable ways of spending money, and the adjacent

places of husineas do more husiness. But that business, so attracted,

must be taken from other less attractive spots. Such is Confucius’

law of competition. It atfords no basis for compulsive contribution

of those adversely affected, or at least those who receive no like

benefit.®

This case is particularly important because it establishes
types of benefits that may be present. The special assessments
were sct aside as a mechanism for financing the proposed im-
provement because there was inadequate evidence to support the
types of benefits as related to specific parcels.

Health and sanitation improvements have also been cited by
several courts as a type of benefit for assessing lands for drainage
improvements.* As related to this type of benefit, the cases seem
to indicate that even though it is impossible under the circum-
stances to ascertain the exact monetary benefit resulting directly
to land from an urban drainage project relieving a health and
sanitation problem, the land may nevertheless be subject to as-
sessment on the basis of the improvement to health and sanita-
tion.

IIl. LEecisLATIVE AcTiON

“[Tthe Legislature is . . . invested with a wide discretion
. . . lin] imposing a tax . . . .”" A state legislature, in the
absence of any constitutional restriction, may fix the basis of
assessment or taxation, and whenever it does so, such method
must be followed to the exclusion of any other.* As was noted
previously,” the Colorado statutes use the word benefits, but
nowhere do the statutes define the term.* Since the legislature
has seen fit to relate assessments and taxation to benefits, specifi-

“ Id. at 533-34, 108 N.W.2d at 30.

* Garden of Eden Drainage Dist. v. Bartlett Trust Co., 330 Mo. 554, 562, 50 S.W.2d
627, 631 (1932): “What is termed hill land, when contiguous to or surrounded by ‘swamp-
land, may be greatly benefited by draining such disease producing swamps, or the means
of ingress and egress to and from such lands . . . .” See also Dean v. Wilson, 267 Mo.
268, 183 S.W. 611 (1916).

" Bedford v. Johnson, 102 Colo. 203, 210, 78 P.2d 373, 377 (1938).

“ Clark v. City of Royal Oak, 325 Mich. 298, 38 N.W.2d 413, cert. denied, 338 U.S.
890 (1949).

® See text accompanying note 11 supra. . :

® No statutory definition of benefit in other jurisdictions has been discovered.
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cally as related to drainage projects, the next step should be the
establishment of criteria for determining what constitutes types
of benefits.

The engineers and planners who are working with urban
drainage projects can provide valuable assistance to the legisla-
ture in defining benefits from drainage improvements by outlin-
ing the particular benefits inherent in such projects.

CONCLUSION

The need for adequate urban drainage and flood control sys-
tems in metropolitan areas is clear. However, implementation of
such systems is being hindered by hesitancy of local officials to
act in light of the statutory requirement that assessments be
made according to benefits received, while the meaning of
benefits remains undefined. The following proposed statutory
definition of benefit would help to clarify the situation, and its
enactment would be a positive step toward encouraging needed
urban drainage improvements. .

The term benefit, for the purpose of assessing a particular
property within a drainage district (or special improvement dis-
trict), may include any one or more of the following:

a. Any increase in the market value of the property;

b. The provision for accepting the burden from specific property -

for discharging surface water onto servient property in a manner or

quantity greater than would naturally flow because the dominant
owner made some of his property impermeable;

! ¢. Any adaptability of property to a superior or more profitable

use;
d. Any alleviation of health and sanitation hazards accruing to
particular property or of public property in the district if the provi-
sion of health and sanitation is paid for wholly or partially out of
funds derived from taxation of property owners of the disatrict;

e. Any reduction in the maintenance costs of particular property
or of public property in the district if the maintenance of the public
property is paid for wholly or partially out of funds derived from
taxation of property ewners of the district;

f. Any increase in convenience or reduction in incenvenience
accruing to particular property owners, including the facilitation of
access to and travel over streets, roads, and highways;

g. Aesthetic, ecological or recreational improvements accruing to
particular property owners as & direct result of the drainage im-
provement.

h. The dollar value or values of any one or more of the above a.
through g. accruing to a specific parcel of property or the total prop-
erty of a taxing entity shall be determined as related to the cost of
the specific improvement.

The United States Supreme Court has ruled that the fact

vl
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that lands included in a drainage district will receive no direct.
benefit is not per se enough to exempt them from assessment.*
erefore, assessment according to the ahove types of benefit is well
within judicial limits.* The legislature should take the necessary
action to enact such a provision defining types of benefits. It isa
broader definition than most state courts have followed and is a
step toward encouraging the construction of needed urban drain-
age improvements, while at the same time affording protection to
property to be assessed from irresponsible charges. ‘

* Miller & Lux, Inc. v. Sacramento Drainage Dist., 26 U.S. 129 (1921).

* See also Morton Salt Co. v, City of S. Hutchisog, 159 F.2d 897 (10th Cir. 1947);
Barten v. Turkey Creek Joint Dist., 200 Kan. 489, 438 P.2d 732 (1968); Curtis v. Louisville
& Jefferson County Metropolitan Sewer Dist., 311 $.W.2d 378 (Ky. 1958).

12741
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APPENDIX A (Con't.)

Colorado Legislation Defining ''Benefits"

Colorado's progressive Legislature was presented with the SB 52
in January, 1975. After passing the Senate, it passed the House on
June 6, 1975. Both Houses and the respective Local Government Committees
were presented copies of the preceding paper.

The Legislators were generally unaware that previous legislatures
had used the word "benefits' in eighteen sections of Colorado statutes,
but nowhere defined the term. Legislators were also eager to expand
upon the narrow definition given to "benefits" by Courts. Finally,
the references in SB 52 to (1) dominant owners discharging excess water
on to servient property; (2) alleviation of health and sanitation hazards;
(3) reduction in maintenance costs; (4) increase in convenience to
property owners; and {(5) recreational improvements resulting from Some
drainage improvements, were persuasive arguments to the Legislators, as
developed by the previous phase of this research project.

SB 52 amends with the same language five separate sections of

Colorado Statutes.
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SENATE BILL NO. 52. BY SENATORS Shoemaker and Sandoval; also
REPRESENTATIVE Strahle.

PROVIDING FOR ASSESSMENT OF BENEFITS ACCRUING TO PROPTRTY WITIIN
VARIOUS TYPES OF IMPROVEMENT DISTRICTS WIICHI PROVIDE FOR
WATER DRAINAGE.

Be it enacted by the General Assembly of the State of Colorado:

SECTION 1. Part 5 of article 20 of title 30, Colorado
Revised Statutes 1973, is amended BY THE ADDITION OF A NEW
SECTION to read:

30-20-512.5. Determination of special benefits - factors
considered. (1)  The term "benefit™, for the purposes ot
assessing a particular property within a public improvement
district, particularly with respect to storm sewer drainage and
to drainage improvements to carry off surface waters, includes,
but is not limited to, the following:

(a) Any increase in the market value of the property;

(b) The provision for accepting the burden from specific
dominant property for discharging surface water onto servient
property in a manner or quantity greater than would naturally
flow because the dominant owner made some of his property
impermeable;

(c) Any adaptability of property to a superior or more
profitable usc;

(d) Any alleviation of health and sanitation hazards
accruing to particular property or accruing to public property in
the improvement district if the provision of health and

Capital Tetters indicate new material added to existing statutes;
dashes through words indicate delctions from existing statutes and
such material not part of act.
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sanitation is paid for wholly or partially out of funds derived
from taxation of property owners of the improvement district;

(e) Any reduction in the maintenance costs of particular
property or accruing to public property in the improvement
district if the maintenance of the public property 1is paid for
wholly or partially out of funds derived from taxation of
property owners of the improvement district;

(f) Any increase in  convenience or reduction in
inconvenience accruing to particular property owners, including
the facilitation of access to and travel over streets, roads, and

highways;

(g) Recreatioral improvements accruing to  particular
property owners as a direct result of drainage improvement.

SECTION 2. DPart. 6 of article 20 of title 30, Colorado
Revised Statutes 1073, is amended BY THE ADDITION OF A NEW
SECTION to read:

30-~20-605.5. Determination of special benefits - factors
considered. {1) The term 'Dbenefit", for the purposes of
assessilig a particular property within an improvement district,
particularly with respect to drainage improvements to carry off
surface waters, includes, but is not limited to, the following:

(a) Any increase in the market value of the property;

(b) The provision for accepting the burden from specific
dominant property for discharging surface water onto servient
property in a wmanner or quantity greater than would naturally
flow because the dominant owner made some of his property
impermeable;

(c) Any adaptability of property to a superior or more
profitable use;

(d) Any alleviation of health and sanitation hazards
accruing to particular property or accruing to public property in
the improvement district if the provision of health and
sanitation is paid for wholly or partially out of funds derived
from taxation of property owners of the improvement district;

() My reduction in the maintenance costs of particular
property or accruing to public property in the improvement
district if the maintenance of the public property is paid for
wholly or partially out of funds derived from taxation of
property owners of the improvement district;

(H) Any  increase in  convenience or reduction in

inconvenience accruing to particular property owners, including
the facilitation of access to and travel over streets, roads, and

PAGE 2-SENATIL BILL NO. 62
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highways;

(g) Recreational improvements accruing to particular
property owners as a direct result of drainage improvement.

SECTION 3. Part 5 of article 25 of title 31, Colorado
Revised Statutes 1973, as amended by House Bill No. 1089, enacted
at the First Regular Session of the Fiftieth General Assembly and
approved by the Govermnor on May 1, 1975, is amended BY TIE
ADDITION OF A NEW SECTION to read:

31-25-506.5. Determination of special benefits - factors
considered. (1) The term "benefit"™, Tfor the purposes of
assessing a particular property within a storm sewer improvement
district, includes, but is not limited to, the following:

(a) Any increase in the market value of the property;

(b) The provision for accepting the burden from specific
dominant property for discharging surface water onto servient
property in a manner oOr quantity greater than would naturally
flow because the dominant owner made some of his property
impermeable;

(c) Any adaptability of property to a superior or more
profitable use;

(d) Any alleviation of health and sanitation hazards
accruing to particular property or accruing to public property in
the improvement district, if the provision of health and
sanitation is paid for wholly or partially out of funds derived
from taxation of property owners of the improvement district;

(e} Any reduction in the maintenance costs of particular
property or of public property in the improvement district, if
the maintenance of the public property is paid for wholly or
partially out of funds derived from taxation of property owners
of the improvement district;

() Any increase in convenience or reduction in
1nconvenience accruing to particular property owners, including
the facilitation of access to and travel over streets;

(8) Recreational improvements accruing to particular
property owners as a direct result of drainage improvement.

SECTION 4. Article 5 of title 37, Colorado Revised Statutes
1973, is amended BY THE ADDITION OF A NEW SECTION to read:

37-5-104.5. Determination of special benefits - factors
considered. (1) The term "benefit™, Tfor the purposes of
assessing a particular property within a conservancy district
particularly with respect to regulating stream flow to control

PAGE 3-SENATE BILL NO. 52
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froous, ‘nchxice., bus 15 got limited to, the following:
'z} ety iecrease e che market value of the property;

(ti The provisio for accepting the burden from specific
dominant properiy for» discharging surface water onto servient
property in & manner or quantity greater than would naturally
flow because <he aominant owner made some of his property
impermeable;

{c] Any zdactabilit’ of property to a superior or more
A \ ~ " J p Y
profitabie use;

(d) Any alieviation of health and sanitation hazards
accruing to particular property or accruing to public property in
the improvement disirict, if the provision of health and
sanitation is vpaid for wholly or partially out of funds derived
from taxation of property owners of the improvement district;

(e} Any reduction i the mzintenance costs of particular
property or of public property in the improvement district, if
the maintenance of the public property is paid for wholly or
partiaily out of fimos devived from taxation of property owners
of the improvenwntr dxsciich;

(f) Any increace in convenience or reduction in
inconvenience accruing fc particular property owners, including
the facilitation of access to and travel over streets, roads, and
highways;

{8) Recreational improvements accruing to particular
property owners as 2 direct result of drainage improvement.

SECTION 5. Arvcicle 23 of title 37, Colorado Revised
Statutes 1973, is amended BY THE ADDITION OF A NEW SECTION to
read:

37-23-101.5. Determination of special benefits - factors
considered. (1) The term 'benefit', for the purposes of
assessing a partscular property within a drainage system
improvement district, includes, but is not limited to, the
following:

(a) Any increase in the market value of the property;

(b) The provision for accepting the burden from specific
dominant property for discharging surface water onto servient
property in a manner or quantity greater than would naturally
flow because the dominant owner made some of his property
impermeable;

(€} Any adaptability of property to a superior or more
profitable use;

PAGLE 4-SINATE BILL NO. 52
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(d) Any alleviation of health and sanitation hazards
accruing to particular property or accruing to public property in
the  improvement district, 1if the provision of health and
sanitation is paild for wholly or partially out of funds derived
from taxation of property owners of the improvement district;

(e) Any reduction in the maintenance costs of particular
property or of public property in the improvement district, if
the maintenance of the public property is paid for wholly or
partially out of funds derived from taxation of property owners
of the improvement district;

(f) Any increase in convenience or reduction in
inconvenience accruing to particular property owners, including
the facilitation of access to and travel over streets, roads, and
highways;

(g) Recreational  improvements accruing to particular
property owners as a direct result of drainage improvement.

SECTION 6. Lffective date. This act shall take effect July
1, 1975,

SECTION 7. Safety clause. The general asscmbly hercby

finds, determines, and declares that this act 1s necessary for
the ‘immediate preservation of the public peace, health, and
safety.

Fred £. Anderson ‘ Rupen A. Valdez

PRESIDENT OF SPEAKER OF THE HOUSE

THE SENATE OF REPRESENTATIVES

Comtort W. Shaw Evelyn T. Davidson

SECRETARY OF CHIEF CLERK OF TIE HOUSE

THE SENATE OF REPRESENTATIVES
APPROVED

Richard D. Lamm
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APPENDIX B

DAMAGE ESTIMATION DATA

Table B-1. 1975 Revised Depth-Damage Curves..... Page 153
for FIA Residential and Small Business Struc-
tures

Table B-2. 1975 Revised Depth-Damage Curves..... Page 154
from FIA Residential Contents

"State-of-the-Art of Estimating Flood Damage..... Page 155
in Urban Areas"
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Earlier in this research project, an analysis was ﬁade of the
state-of-the-art of estimating flood damages. It was found that
although estimation procedures were widespread in federal agencies,
little information was available in the engineering literature.

A paper was prepared and published in the Water Resources Bulletin

(Vol. 11, No.‘2, April 1975), which presented some information on this
topic. Other information has since been identified in other publica-
tions. The above paper is reproduced here for the information of the
reader.

The Federal Insurance Administration has been active in studying
depth-damage data. They recently prepared revised, generaliy reduced
relationships for residential and small business structures. These

are given as Tables B-1 and B-2.*

* Furnished by Mr. Sam Brugger, FIA, April, 1975.
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Table B-1

1975 REVISED DEPTH-DAMAGE CURVES FROM FIA
RESIDENTIAL AND SMALL BUSINESS STRUCTURES

Curve No.

01 03 05 10 13 18 23

Depth, ft. Damage in % of Market Value
-3 0 0 0
-2 4 3 3
-1 0 0 0 0 8 5 5
0 7 5 3 8 11 7 6
1 10 9 9 45 18 11 16
2 14 13 13 64 20 17 19
3 26 18 25 74 23 22 22
4 28 20 27 79 28 28 27
5 29 22 28 80 33 33 32
6 41 24 33 81 38 35 35
7 43 26 34 82 44 38 36
8 44 31 41 49 40 44
9 45 36 43 51 44 48
10 - 46 38 45 53 46 50
11 47 40 46 55 48 52
12 48 42 47 57 50 54
13 49 44 48 59 52 56
14 50 46 49 60 54 58
15 47 50 56 59
16 48 58 60

17 49 59

18 50 60

Classification Curve No.

One story, no basement 01

Two or more stories, no basement 03

Split level, no basement 05

Mobile Home, on foundation 10

One story with basement 13

Two or more stories with basement 18

Split level with basement 23
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Table B-2

1975 REVISED DEPTH-DAMAGE CURVES FROM FIA RESIDENTIAL CONTENTS

Curve No.

27 29 31 38 41 46 51

Depth, ft. Damage in % of Total Value
-4 0 0 0
-3 45 5 5
-2 0 0 0 0 50 7 6
-1 55 8 9
0 10 7 1 3 60 15 ‘11
1 17 9 2 27 20 17
2 23 17 3 50 22 22
3 29 22 4 65 28 28
4 35 28 5 71 33 33
5 40 33 6 76 39 39
6 45 39 6 78 44 44
7 50 44 6 49 50 49
8 55 50 6 81 55 55
9 60 55 10 83 60 61
10 58 17 64
11 65 23 71
12 72 29 76
13 78 35 78
14 79 40 79
15 80 45 80
16 81 50 81
17 55
18 60
Classification Curve No.
All on first floor 27
All on first two floors 29
All above first floor 31
Mobile home on foundation 38
All in basement 41
All on first floor and basement 46

All on first two floors and basement 51
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STATE-OF-THE-ART OF ESTIMATING
FLOOD DAMAGE IN URBAN AREAS!

Neil S. Grigg and Otto J. lelweg®

ABSTRACT: With implementation of the Tlood Insurance Act of 1968 many additional local
flood protection projects are being considéred. Consulting engincers and local agencies need
consistent methods o estimate flood damage in order to perform feasibility studies, Federa!
agencies have 2 great deal of data and long experience in making damage estimates but no
comprehensive guides are available at the local level. Curves of flood damages to different
residential structure types are presented. The relationships in use by the U. S. Federal Insurance
Administration are shown to be reasonable and are recommended for use as approximate
guides. Additional research is recommended and discussion of the paper is invited in order to
make additional data available in the literature.

(KEY TERMS: damages; drainage; flood control; land use; management; planning; zoning.)

INTRODUCTION

When flood occurs in urban areas the category of damage normally ieported in the
press and therefore receiving most attention, is direct damage to property. This is, how-
ever, only one of abous five empirical categories of flood damages [Breaden, 1973} .

The five categories are:

1. Direct damages

2. Indirect damages

3. Sccondary damages
4. Intangible damages
5. Uncertainty damages

DIRECT DAMAGES
In urban areas, direct damages occur basically to structures and to public facilities such

as roads, utilities, and associated facilities. This appears to be the major category of flood
damages which shouid be censidered. Damages to property vary according to the type of

'Papcr No. 74065 of the Water Resources Bulletin. Discussions are open until August 1, 1975,
Respectively, Associate Professor of Civil Engincering, Colorado State University, Ft. Collins,
Colorado, and Graduate Research Assistant, Colorado State University, I't. Cotlins, Colorado.
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property, it's value, and the cost to restore it to it’s original condition. There is a fair
amount of data available for cstimating damages to residential property, but kittle data is
available for estimating industrial and commercial damages [Grigg and Nelweg, 1974]
The main contribution of this chapter is an in-depth analysis of the currently avaitable
data for estimating residential flood damage.

INDIRECT DAMAGES

Indirect damages inctude the value of lost business and services, the cost of alleviating
hardship, safeguarding tiealth, rerouting traffic, delays and related phenomena [Breaden,
1973]. The description of indirect damages is very difficult and has not been delineated
to the extent that they can be individually estimated. The current statc-of-the-art is to
take the indirect damages as percentages of direct damages. One set of estimates that has
received wide distribution was by the Corps of Engineers [Kates, 1965] and is as follows:

1. Residential - 15%
. Commercial — 35%
. Industrial — 45%
. Utilities — 10% .
. Public facilities — 34%
. Agriculture — 10%
. Highways — 25%
. Railroads - 23%

WO~ AW H W

SECONDARY DAMAGES

Secondary damages may occur when the economic loss caused by flooding extends
farther than the losses to those whose property is directly damaged. For example, people
who depend on output produced by damaged property or on hindered services may feel
adverse affects [Breaden, 1973]. Normally, the secondary damages tend to be offset by
secondary benefits and are not included in damage estimates.

INTANGIBLE DAMAGES

With the recent issuance of the Water Resources Council Planning Standards, intan-
gible costs and benefits have received greater attention. Some categories of intangible
damages are: environmental quality, social well being and aesthetic values. It is currently
not possible to estimate monetary values of intangible damages, but these should be
considered as part of the total analysis for project justification. There are several research
projects underway leading te methods of estimating the magnitude of intangible damages
but we do not expect hard quantitative information on this subject in the near future.

UNCERTAINTY DAMAGES

The occupants of a flood plain suffer because of the everpresent uncertainty with

.regard to when the next flood will occur and how serious it will be. The uncertainty

damage cost may be calculated as an amount in excess of the expected value of the
damages that flood plain occupants are willing to pay to avoid a flood loss [Breaden,
1973]. It has been shown that people are willing to pay annual insdrance premiums

SS1T
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exceeding the cxpected annual fosses to avoid financial disaster or ¢ven the financial
inconvenience of irregular budgeting [Breaden, 1973]. The calculation of uncertainty
damages is not straightforward and requires a study of practices in buying inswance.

ESTIMATING DIRECT RESIDENTIAL FLOOD DAMAGI: IN URBAN ARFAS

Estimating potential flood damages is an important problem in planning federal, state
or local water resources projects. The economic importance of this has increased with the
implementation of the Flood Insurance Act of 1968 and the recent Flood Disaster
Prevention Act of 1973. There is a paucity of published data for use by engineers in
making damage estimates. Actual flood damage data from surveys remains in the files of
agencies and insurance companies. A water resources project with tlood control may
include structural, non-structural, pr a combination of measures. In any case, damages to
be prevented by the potential flood control projects must be estimated in order io
evaluate alternatives.

The seriousness of the luck of urban tlood damage data was described In a 1968 ASCT:

 study, ’

“Because damage is primarily related o the Mood, damages are likewise evaluated with a
sense of probability of occurrence. . . The contemporary absence of a satisfactory body of
hydrologic and economic field data on urban storm drainage system floods constitutes a
liability of monumental proportions in the assessment of those floods and their associated
damages.” [Ackermann, ¢t al., 1968]

This study went on to advance suggestions for a rescarch program to supply the needed
basic data. These points are related to overall urban hydrelogy data needs in a companion
study by ASCE [1969]. These two references make a good starting point for reading on
urban drainage and damage problems. Of course, the general flood control literature is
also applicable to this question and an excellent starting point is the paper by White
[1964].

This chapter presents a discussion of damage estimation methods in use by engineers
for calculating expected annual average flood toss (AAFL) which is tuken here to include
only direct damage to buildings and contents. It is recognized, of course, that other
factors enter into the calculation of loss, but this discussion is limited to direct damage.
There are three factors that enter into calculation of AALL; stage-discharge relationships
Jor cach reach of a river or drainage hasin, discharge-frequency data, and depth-damage
curves. These are combined to give damage-frequency curves, the area under which yields

the AAFL. In many flood plains where velocity and duration of flooding do not affect .

flood damages appreciably, general depth-damage curves can be used in conjunction with
the above hydrologic data to estimate the AAFL. The curves presented in this paper are
for this purpose. Hopefully, the discussion gencrated by the paper will enrich the litera-
ture in this important subject area.

The source of data for the curves shown are estimating tables and curves prepuied by
federal agencics. These curves are mostly based on generalized vriginal data compilations
from diverse sources. Some potential sources of such estimating curves would be reluctant
to release their curves because of the difficulty in gathering, analyving and presenting
such data as discussed in {Ackermann, 1968]. Therefore, in presenting these curves the
writers are not suggesting that they be unquestionably accepted for use but that they be
considered for use and, if no estimating curves are currently available to some agencies,
perhaps they can be adopted.

382 Grigg and Helweg
’

The paper is specifically restricted to tesidential structures and contents. The
enarmous variability of commercial structures rendeis damage estimation more compley,
Some estimating values are available (Homan and Waybur, 1960; USDA, 1970] but by
and large, this problem is not as well understood as the residential damage question.

CURRENT PRACTICES OF ESTIMATING DIRECT DAMAGES

The techniques used to calculate direct damages can be classified in various ways.
White uses two main classifications: synthetic techniques and stage-damage curves [White,
1964). The authors have chosen three categories to illustrate these techniques; aggregate
formulas, histerical damage curves, and empiricai depth-damage curves. White's synthetic
techniques would encompass both ‘the aggregate formulas and historical damage tech-
niques.

Brown [1973] and James (1972] have published examples of the aggregate formula
approach. For example, James [1972] suggests that for estimation purposes,

»

Where: .
Cp = flood damage cost for a particular flood event

Kp = flood damage per foot of flood depth per dollar of
market value of structure

U =fraction of flood plain in urban development

MS = market value of structure inundated in dollars
per developed acre

h ' =dverage flood depth over inundated area in feet
A =areaflooded in acres

The historical damage curve method is presented by Eckstein [1958]. As shown on’

Figure 1, historical damages of floods are plotted against flood stage. For current validity,
damage costs must be corrected to present values by including additional construction
(i, the development of the flood plain) and by corrécting for inflation.

Where: .
D; = the damage for the i flood selected
P, =exceedance probability of the it flood
N = the number of flood magnitudes uscd in computation

The third and most common method requires a property survey of the flood plain and
either an individual or aggregated estimate of depth vs. damage curves for the structures
occupying the plain {Cornell et al., 1972; TVA, 1959] . This information is then related
to stage-frequency curves to determine the required damage-frequency curve. This
method can be applied with the degree of detail appropriate to the project size and cost.

9S1
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Figure 1. Historical Depth-Damage Curve.

USE OF DEPTH-DAMAGE CURVES

Generally speaking, four inputs are needed to compute the AAFL. These are: the first
floor elevations of the structures in the flood plain (or the elevation where floodwater
enters the building), the stage-frequency curve for the stream reach, the depth-damage
curves for the structures in the study reach, and the value of the structure (with contents)
in the flood plain. This is illustrated in Figure 2. Structures can include roads and other

individual First
Floor Elevations

Stage —Frequency
* Relation Aggregated Average
Annual
Damage - Frequency
Structures and Relationship Fiood
Contents Value Loss

Depth Damage
Curves

Figure 2. Computational Procedure for
Average Annual Flood Loss.
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facilities such as utiities but damages to these are usually negligible in comparison to
houses and businesses.

One of the problems for an engineer when using the damage tables available is that the
value of the structure and the value Of the contents are normally computed separately.
When making a first estimate or studying a small project, a “‘rule-of-thumb” must nor-
mally be used to relate value of contents to structure value or separate surveys ol con-
tents and structure values must be performed. The latter is uneconomical for small
projects and first estimates, so a method is nceded to combine the damage to structures
with damage to contents to yield a total depth-damage relationship. There are mixed
feelings regarding the validity of such a combination. Some feel that contents must be
valued separately because their value varies relative 10 the value of the structuse over
time. Others fecl the two quantitics can be combined without loss of accuracy.

A statistical survey relating structure value to contents was conducted by the Stanford

- Research Institute (SRI} [1960]. From their data, a regression equation was developed

with the following results:

) \' ,
100 €= 42,0818 - .00072 v, _ ®)
Vs
Where:
VC = market value of contents
Vs = market value of structure in dollars

The standard error was 15.49 and the coefficient of correlation was .32 revealing that
the value of the contents varies considerably in relation to the value of the structure. /t
does appear that the value of contents declines relative to the total value of structure as
the value of the structure increases. For example, assuming the above relationship. the
contents of a $20,000 house would be around 28% or $5,000. There is some evidence
that the ratio does not continue to decline as the market value of the structure increases
beyond $35,000.

A flood study conducted in 1964 by a Federal agency used 327% of the structure value
to compute the value of the contents. A major insurance company uses 50% and states
that this may be high or low, depending on the circumstances. Another Federal agency
feels that 30% of the structure value is a good approximation for the value of the
contents.

When depth vs. percent-damage data is available separately, & combined relation for a
given flood event can be developed as follows:

Assuming contents to be valued at 30% of structure value,

V=V+v, (3)
Dy =DV + DV, . 4
P LW )
v, 1.3 433

LST
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Where!
V,  =total market value of structure and contents
I, = total damage to structure and contents in dollars
Dy = fraction of the structure damaged
D, = percent of contents damaged

This relation can be used to develop combined curves for total percent damage as a
function of stage for different types of property.

DEPTH VS. PERCENT-DAMAGE CURVES

The following graphs were compiled in order to demonstrate variations in depth-
damage data available. The curves are based on tables and curves obtained from references
[TVA, 1960; USACE, 1970; USDA, 1974; FIA, 1970]. Some assumptions were neces-
sary to plot the curves on an uniform format and the curves in the references are given as
guidelines only, not as verified data. Nevertheless, it sccms worthwhile to compare the
relationships in use so that engineers can be guided in their selection of estimating values.
It should be noted that the Federal Insurance Administration (FIA) curves shown are the
earliest versions and may be revised, FIA appears to be making a credible attempt to
synthesize data and develop reliable estimating curves, and cngincers interested in this
subject should stay in touch with their work.

Figures 3 through 6 show depth-damage curves for four main types of residential
structures. Figure 7 shows a comparison between one type of house with and without a
basement. Figure 8 is the result of a study conducted by the TVA [1969} . which
indicated that houses of one type had similar depth-damage curves regardless of actual
value. The classes of structure plotted on the graph represent four price ranges of one-
story houses without basements. However. one study cast some doubt on this popular
assumption that houses of one type have similar depth-damage curves.

The relationship shown on Figures 3 through 8 may be uged by engincers for estima-
tion purposes. The wide variation in the curves waves a flag of caution, however, as
recognized by the agencies using the curves. Because of the many flood damage mitiga-
tion studies now underway, it seems that some guide should be available. For the case
where the engineer is comparing altemative flood control measures, any reasonable stage-
damage curve will provide a relative measure of damages. The pitfall would be to assign
too much assuracy to resulting estimates,

Bascd on the curves presenicd, the FIA relationships appear to be the most reasonable
for estimation purposes, if for no other reason than that they “split the middle.” The FIA
has based their curves on a substantial data base and the curves certainly appear reason-
able. Having the advantage of the previous studies of the other agencics, it is expected
that the middle range would be the one selected by FIA.

CONCLUSIONS

A great deal of additional research on flood damage estimation procedures is needed.
As with many other water problems the basic need is accurate data that can be used to
define empirical relationships. Further work is needed. to selate the value of conients to
the value of tie structure. Perhaps the insurance industry will ultimately develop this
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\ \ . data. There are many unanswered g uestions, such as whether structures of one type have
\ q p
N : the same depth-damage curves regardless of their values. Studics to relate the time varia-
\\ p g 8
\ \ tion of structure value to the value of the contents are needed. More data about commer-
\ : cial and industrial damage is needed. In one case reported, commercial damage is 70% of
‘ \ flood damage [Cornell, 1972].
Research by the federal agencies involved in flood studies has resulted in the accumula-
N\ 8
N . tion of useful information for damage estimates. Though the agencies are continually
. | \ _ © updating their information, consulting engineers and local agencies need useful informa-
z ; | 3\ 5 tion now for use in smaller scale projects. The curves presented in this paper will hope-
g i . " . s . PTSI
= i | \ \\ 4 fully help to meet this need. The curves exhibit wide variation. To consider this, it is
T cC oy D T suggested that sensitivity studies could be made to examine net project benefits under
o B -0 \‘ [7+} u [4 ]C
3 Zrn \ oV o different damage schedules. This would lead to more realistic project evaluation.
H o . 8 Proj )
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curves could be published in the discussion closure adding substantially to the curves
. presented here.
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APPENDIX C

DETERMINATION OF THE DISCOUNT RATE

Water Resources Council, Standards for...... Page 164
Planning Water and Related Land Resources
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Great controversies have arisen over the selection of the discount
rate to be used in engineering-economic studies. These have mostly
arisen because the federal government was using rates regarded by some
as too low for the evaluation of water resources projects.

Generally, in economic studies, the rate to be used should reflect
a value judgment on the part of the public served of their willingness
to forego consumption for the formation of capital. James and Lee*
list five specific approaches for deriving a proper rate.

We cannot solve here an insolvable problem. A great deal of
thought has gone into recent federal thinking on the subject and we
are recommending specifically that the Water Resources Council
reéommended rate be used.

The Water Resources Council's '"Principles and Standards for
Water Resources Planning,' approved October 25, 1973 established a rate
of 6 7/8%. The Water Resources Development Act of 1974 rescinded
this, returning back to an earlier procedure which linked the interest
rate to the government's yield rates of bonds within duration 50 years
or longer. This includes certain specified categories of bonds. The
Water Resources Council procedures are explained in their Rules and
Regulations, which are reproduced below. The procedure is one where
the Water Resources Council attempts to tie their recommended rate to
these long term yield rates. The approved value for the FY 1975 is
5 7/8%. The calculated value for FY '75 according to their rules and
regulations was 6 1/2%. Due to the constraint that not more than a

quarter percent movement in a given year is allowable, they were only

* James, L. D. and R. R. Lee, Economics in Water Resources Planning,
McGraw-Hill, 1971, pp. 126-127.
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to raise from the FY '74 value of 5 5/8% to 5 7/8% in FY '75. The
indication would therefore be that the rate will be 6 1/8% in FY '76
assuming that the 6 1/2% computation made in FY '75 will approximate

the computation for FY '76.
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UNITED STATES WATER RESOURCES COUNCIL

29242

WATER RESOURCES COUNCIL

STANDARDS FOR PLANNING WATER AND
RELATED LAND RESOURCES

Change in Discount Rate Formula and
Currently Applicable Rate

1. Notice s hereby given that the in-
terest rate formula established by the
U.S. Water Resources Council, Septem-
pber 10, 1973, in Chapter IV, D, “Stand-
ards for Planning Water and Related
Land Resources” was amended by sec-
tion 80 of the Water Resources Develop-
ment Act of 1974, Public Law 93-251,
March 7, 1974. The full text of section 80
is as follows:

Section 80. (a) The interest rate formula
to be used in plan formulatfon and evalua-
tion for discounting future benefits and com-
puting costs by Federal officers, employees,
departments, agencles, and instrumentalities
in the preparation of comprehensive regicnal
or river basin plans and the formulatien and
evaluation of Federal water and related land
resources projects shall be the formula set
forth in the “Policles, Standards. and Fro-
cedures in the Formulation, Evaluation, and
Review of Plans for Use and Develcpment
of Water and Related Land Resources” ap-
proved by the President on May 15, 1962, and
publishcd as Senate Document 97 of tne
Eighty-seventh Congress on May 29, 1962,
as amended by the regulation issued by the
Water Recources Council and published in
the FEnRRAL REGISTER on December 24, 1668
(33 PR 18170; 18 CFR 704.39), until other-
wise provided by & statute enacted after the
date of enactment of this Act. Every pro-
vision of law and every administrative action
in confilet with this section is hereby
repealed to the extent of such conflict.

(b) In the case of any projlect authorized
before January 3, 1969, if the appropriate
non-Federal interests have, prior to Decem-
ber 31, 1869, given satisfactory assurances
to pay the required non-Federal share of
project costs, the discount rate to be used
i@ the compulation of benefits and costs for
such project shall be the rate in effect im-
medisately prior to December 24, 1963, snd
that rate shsall continue to be used for such
project until construction hes been com-
pleted, unless otherwise provided by a stat-
ute cnacted after the date of enactment of
this Act.

() The DPresident shall make & full and
complcte fuvestigation end study of prin-
ciples end standards for planning and evalu-
ating water a.d related resources projfects.
Such Investigation and study shall include,
but not be limited to, consideration of en-
hancing revional economic develcpment, the
qusality of the total environment including
its protestion and improvement, the well-
being of the pcople of the Tuited States, and
the reational economle development, as ob-
jectives to be included in federally-financed
water and reinted resources projects and (n
the evaluation of costs and benefits attribut-
able 1o such prolects, es intended in section
209 of the Flood Control Act of 1970 (84 Sta*
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1818, 1820), the Interest rato formuls to be
used in evaluating and discounting future
benefite for such projects, and appropriate
Federal and non-Federal cost sharing for
such projects. He shall report the resulis
of such Investigation and study, tacether
with his recommeudations, to Corngress not
later than one vear after funds are first
appropriated to carry out this subsection.

2. The ‘“Principles and Standards for
Planning Water and Related Land
Resources,” established by ti:e U.S. Water
Resources Council pursuant to section
103 of the Water Resources Planning Act
(Pub. L. 89-80), were published in the
f‘;sr;cx’z. R;:Gés'r}m on September 10, 1973,

R 2i778) and became effecti -
tober 25, 1973. ve Oc

3. Pursuant to the provisions of Sec-
tion 80 of Pub. L. 93-251 and the au-
thority delegated In Section 2 of Execu-
tive Order 11747, November 7. 1973,
Chapter IV, D, “The Discount Rate” in
the “Standards” is hereby amended to
read as follows: '

The discount rate will be estgblished in
eccordance with the concept that the Gov-
ernment’s investment decisions are related
to the cost of Federal borrowing.

(a) The interest rate to be used in plan
formulation and evaluation for discounting
future benefits and computing costs, or
otherwlse converting benefits and costs to a
common time basils, shall be based upon the
average yleld during the preceding fiscal year
on interest-bearing marketable securities of
the United States which, at the time the
computation is made, have terms of 15 years
or more remaining to maturity: Provided
however, That In no event shall the r:\té
be raised or lowered more than one-quarter
of 1 percent for eny year, The averare vield
shall be computed as the average during the
fiscal year of the daily bid prices. W‘herz the
average raite so computed is not s multiple
of one-etchth of 1 percent, the rate of inter-
est shall be the multiple of one-eighth of
1 percent nearest to such average rate.

(b) The computation shall be made as of
July 1 of each year, and the rate thus com-
puted shall be used during the succeeding
12 months. The Director chall annualiv ree
quest the Secretary of the Treasury to inform
the Water Resources Couucil of the rate
thus computed.

(c) Subject to ihe provisions: of parn-
graphs (d) and te) of this section, the pro-
vislons of paragraphs (a) snd (b) of this
section shall apply to all Foderal and fed-
erally assisted water and related land re-
sources project evaluation reports submitted
to the Congress, or approved administra-
tively, after the close of the second session
of the 8Cth Congress.

{(d)} In the ca=¢ of any proicct authorized
before January 3, 1969, if the appropriace
non-Federal inlerests have, prior to Decems-
ber 31, 1863, given satiefaciory assurances
1o pay the required non-Federal share of
project costs, the discount rate to be used in
the computation of beneflts and costs for
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such project shall be the rate in effect im-
mediately prior to December 24, 1958, and
that rate shall continue to be used for such
project until construction has been com-
pieted, unless otherwise provided by a statute
enacted afier the date of enactment of .the
Water Resources Development Act of 1974,
Public Law 93-251, March 7, 1974.

(e) Notwithstanding the provisions of
paragraphs (a) and (b) of this section, the
discount rate to be used in plan formula-
t:on and evaluation for the fiscal year 1963
shall be 4% percent except as provided Ry
paragraph (d) of this section.

4. The ‘Treasury Department on
July 13, 1973, informed the Water
Resources Council pursuant to 3. (b)
above, that the interest rate would be
534 percent based upon the formula set
forthin 3. (a):

* * * the average yleld during the preceding
fiscal year on interest-bearing marketable
securiities of the United States which, at the
time the computation is made, have terms of
15 years or more remaining to maturity * * *.

This rate was used for plan formulation
and evaluation during the periods July 1,
1973-October 24, 1973, and March 7,
1974-June 30, 1974, of the ¥iscal Year
1974 consistent with a further provision
of 3. (a) which provides:

* « + [t]lhat in no event shall the rate be
ralsed or lowered more than one-quarter of
1 percent for any year.

Since the rate in Fiscal Year 1973 was
515 percent (37 FR 14445), the rate for
Fiscal Year 1974 was 5325 percent.

5. The Treasury Department on
July 17, 1974, informed the Water Re-
sources Council pursuant to 3. (b) above,
{hat the Interest rate would be €15 per-
cons hased upon the formula set forth in
3. -

¢ ¢ ¢ the average yield during the preced-
ing fis~al vear on interest-besaring market-
able securlties of the United Siates which,
at the time the computation is made, have
terms of 15 years or more remaining to ma-
turity * * *.

. This higher rate, however, cannot be
used for plan formuiation and evaluation
for Fiscal Year 1875 because & furiher
provision of 3. fa) proviies:

« + * [tikat in no cvent shall the rate be’
raised or lowered more than oae-quarier of 1
pereent for any yoar.

Since the rate in Fiscal Year 1974 was
554 porcent (23 FR 20i19), the rate for
Iiscal Yeur 1970 1s 375 percent,

Dated: August 7, 1974.

Rocers C. B. MORTON,
Chairman.

{FR Doc.74-18624 Plled §-13-74;8:45 am]
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Title 33—Navigation and Navigabie Waters

CHAPTER 1I-—CORPS OF ENGINEERS,
DEPARTMENT OF THE ARMY

PART 341-—EVALUATION OF ECONOMIC
BENEFITS FOR FLOOD CONTROL AND
WATER RESOURCE PLANNING

General Principles and Standards of
Benefit Evaluation

Notice is hereby given that the regula-
tion set forth below by the Secretary of
the Army (acting through the Chief of
Engineers) prescribes revised imple-
menting policy and procedures pursuant
to section 1 of the Flood Control Act of
22 June 1936 (Pub. L. 74-738). Specifi-
cally, the regulation emphasizes the pro-
cedures and measurement techniques for
evaluating benefits under the national
economic development objective for flood
control and related water - resources
planning.

Since this regulation prescribes a gen-
eral policy statement and specific evalu-
ation procedures and measurement tech-
niques designed primarily for internal
use by Corps professional staff, notice of
proposed rulemaking and the procedures
thereto is considered unnecessary. This
regulation will become effective Au-
gust 15, 1974, It does not apply to plan-
ning reports submitted to the Office of
the Chief of Engineers (OCE) prior to
the effective date. It applies fully to all
planning reports submitted to OCE after
December 31, 1974. It will be applied par-
tially to planning reports submitted be-
tween August 15, 1974 and December 31,
1974.

Dated: 5 August 1974.

James L. KELLY,

Brigadier General, USA,

Acting Director of Civil Works.
Subpart A—Introduction

Sec.
341.10
341.11
341.12

Subpart

Purpose.
Authority.
Definttions.

B—General Principles and Standards of
Benefit Evaluation

Deflnition and examples of national
economic development objective.

Relationship of flood control pro-
grams to national economic devel-
opment objective.

General benefit standard for national
economic development.

Application of general benefit stand-
ards to flood control programs.

Subpart C—Evaluation Procedure

Prerequisites to evaluation proce-
dure.

Evaluation procedure.

Irrational use.

Presentation.

Subpart D—Benefit Measurement

Characteristics of flood plaln man-
agement benefits.

Flood damages without project.

Measurement and projection of phys-
ical flood losses.

Projection of business and financial
losses.

Projection of emergency costs.

Inundation reduction benefit,

Location benefit. '

Intensification benefit,

341.20
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34131
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341.33

311.40

34141
34142

341.43
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341.45
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Sec.

341.48 Remaining flood damage situation:
Categorization.

341.49 Remaining flood damage situation:
Display. :

Subpart E—Validation of Benefit Evaluation

341,50 Methods for adding valldlty to bene-
fit evaluation. !

341.51 Assumptions and hypotheses.

341.52 Probabilities of occurrence.

341.53 Specific checks.

AuTtHORITY ! Flood Control Act of 1936,
Pub. L. 74-738 (33 U.S.C. 701a), June 23,
1936; Water Resources Council, Principles
and Standards for Planning Water and Re-
lated Land Resources, 38 FR 24778-24869,
September 10, 1973.

Subpart A—introduction

§ 341.10 DPurpose.

This regulation outlines the principles,
standards, procedures and measurement
techniques for evaluating benefits under
the national economic development ob-
jective for flood control and related
water resources planning. This is one of
the objectives contained in the Prin-
ciples and Standards of 10 September
1973.

§ 341.11 Authority.

(a) Flood Control Act of 1936, Pub. L.
74-738, 33 USC 701a, June 22, 1936;

(b) Water Resources Council, Prin-
ciples and Standards for Planning Water
and Related Land Resources, 38 FR
24778-24869, September 10, 1973.

§ 311.12 Definitions.

“Activity.” Any firm, household or
public service entity, be it governmen-
tally sponsored, private, profit making,
quasi~-public, charitable, etc.; sometimes
used in text to mean all activities of a
similar type; e.g. (residential, agricul-
tural, manufacturing, or commercial).

“Activity decisions.” A choice by an ac-
tivity based upon maximization of its net
income (economic rationality, net in-
come).

“Alternative site, available alternative,
alternative location.” (a) Broadly, any
location where a given activity might
locate outside of the flood plain; (b)
specifically, the best available non-flood
plain location at a given point in time,
as measured by maximization of net in-
come to the activity. As a rule the site
is not available if it is already occupied
by a similar activity fype or it will be
occupied by a similar activity type both
with and without the project. If an al-
ready occupied site is to be considered as
the alternative, the costs of moving, in-
cluding any unrecovered sunk costs, lost
interest and profits during moving and
any diseconomies to employees must be
fully accounted for. As a practical mat-
ter, these costs will usually preclude use
of occupied sites unless the useful life
of the structures Is near zero.

“Ares affected.” The area affected by a
proposed plan is the fiood plain plus other
areas likely to serve as alternate sites
for activities which might use the flood
plain if it were protected.

“Associated costs.” The cost necessary
to make one site equally valuable as an-

other. Value is measured cither as gross
income (revenues) or as other total
output for non-monetary activities, such
as schools (value, activity, development
costs, site development costs, site operat-
ing costs, locational advantages).

“Average annual flood damages.” See
“Flood damages.”

“Base year.” The first year in which
the plan is expected to become opera-
tional.

“Benefit.”” An NED benefit means an
increase in the Nations’ output of goods
and services and/or an improvement in
economic efficiency caused by a project.
NED benefits are categorized according
to their effect on activity decisions as
inundation reduction benefit, location
benefit, or intensification benefit.

“Benefit standard.” The willingness of
users (benefiting activity) to pay for a
proposed plan (user, activity).

“Benefiting activity.” An activity
which realizes an increase in net income
because of a proposed plan (user, ac-
tivity).

“Costs.” The amount expended by an
activity in order to generate output, nor-
mally excluding the rental value of the
land. In this regulation, costs usually
segregate those due to flood damages in
order to facilitate analysis. However,
flood damages are conceptually a cost of
doing business. (Note: Project “costs”
are a separate item).

“Damage susceptibility.” The relation-
ship between total value of a type of ac-
tivity in a flood plain and the flood dam-
ages sustained by that activity. The rela-
tionship is a function of the characteris-
tics of the flooding itself (depth, velocity,
duration, etc.) and the objects flooded
(dwelling, materials, etc.), and their
location.

“Damages.” Often used in text to mean
flood damages (flood damages) .

“Damages reduced.” Often used in text
to mean flood damages reduced (flood
damages reduced) .

“Depreciation.” A loss from the upper
limit of value. An effect caused by de-
terioration and/or obsolescence. Deterio-
ration is reflected by wear and tear, de-
cay or structural defects, obsolescence
occurs in two forms: functional and
economic.

“Development costs.” The cost of pre-
paring land for use by an activity (site
development costs) plus, when appli-
cable, cost necessary to make one site as
valuable as another (associated costs).
The difference in development costs is a
component of changed net Income.

“Economic benefit.” Synonymous with
benefit, for purpose of the economic de-
velopment objective.

“Economic development objective.”
The objective of increasing the value of
the Nation's output of goods and services
and improving national economic effi-
ciency.

‘“Economic efficiency.” The objective of
producing goods and services at the low-
est possible cost per unit of output for
a given level of output (economic devel-
opment objective, economic rationality,
economic benefit).
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‘“Economic rationality.” The assump-
tion that activities having full knowledge
of the flood hazard will attempt to maxi-
mize returns, and will not externalize
their flood losses.

“Efficlency.” Synonymous with eco-
nomic efficiency for purposes of the eco-
nomic development objective.

“Exceedence frequency (frequency of
flooding).” The percentage of values
that exceed a specified magnitude, and
occur as the most extreme event within
specified sequential time periods; the ex-
ceedence probability times one hundred.
A 100 year exceedence interval corre-
sponds to an exceedence frequency of
1.00.

“Exceedence Interval (of flooding).”
Also, sometimes the less desirable terms,
recurrence Interval and/or return period
have been used. The average interval of
time between values that exceed a speci-
filed magnitude; reciprocal of the ex-
ceedence frequency per 100 years. In an
annual flood serles, the average interval
in which a flood of a given size is ex-
ceeded as an annual maximum. In a par-
tial duration series, the average interval
between floods exceeding a given size
regardless of their relationship to any
period of time. It should be noted that
a flood corresponding to a 100 year aver-
age exceedence Interval is not expected
to be equaled only once during a 100 year
period. A 100 year exceedence interval
flood magnitude can be expected to be
exceeded one or more times one out of
four periods of 30 years length, one out
of two periods of 70 years length, and
about two out of three perlods of 100
years length. The total period of time
under consideration must exceed 1,000 to
10,000 years before the 100 year exceed-
ence interval flood magnitude can be ex-
pected to be exceeded on an average of
once for each 100 years.

“Existing benefits (and damages).”
Average annual benefits (and damages)
to activities affected by flooding at the
time the study is completed.

“Exceedence probability (probability
of flooding).” A probability that an event
selected at random, the most extreme
event within each sequential time period
of a specified length, will exceed a speci-
fied magnitude. A 100 year exceedence
interval corresponds to an exceedence
probability of 0.01.

“Externality.” Synonymous with ex-
ternal effect. An effect on parties other
than users of the outputs of a plan; spe-
cifically, increased damages to activities
outside the protected area under the
with—as compared to the without—
condition.

“Flood.” Inundation arising from
stream overflow, overland water flow,
high lake stages, high tides and inade-
quate drainage plus stream related
erosion, gullying, flood plain scouring,
streambank cutting, shore or beach
erosion and sedimentation.

“Flood characteristics.” The physical
properties of floods are an important
variable in determining and projecting
flood damages.

“Flood control project.” (a) Broadly,
a synonym for flood plain management

168
RULES AND REGULATIONS

plan; (b) Narrowly, a structural project
by whomsoever undertaken.

“Flood damages.” (a) Broadly, dam-
ages caused by a flood; (b) often “flood
damages” mean “average annual dam-
ages.” Floods vary In size and frequency.
Average annual damages are yearly
damages, on average, at any point in
time, assuming one set of conditions and
are independent of the interest rate used
for project evaluation; (¢) flood damages
are a cost of doing business; reduction of
the damage is therefore a reduction in
costs which contributes to economic ef-
ficlency (synonymous with inundation
damages).

“Flood damages prevented.” Flood
damages with a plan or project deducted
from damages without the plan or
project.

“Flood damages reduced.” Synonym
for flood damages prevented.

“Flood plain.” Land physically inun-
dated by a flood.

“Flood plain management plan.” A
plan for responding to the adverse effects
of flooding (flood). This plan may
envision structural measures, flood
proofing, zoning, management, or a
combination. This regulation provides
for choosing plans on the basis of the
economic development objective.

“Gross income.” Total return to an
activity. Usually expressed In dollars
(synonym for gross or total revenues).
Gross Income, less costs, rent, and flood
damages, equals net income for a given
activity (revenues, costs, rent, flood dam-
ages, net income).

“Index.” The relation or proportion of
one amount to another; an indicator,
e.g., density is an index of urbanization.
The proper choice and use of an index
is often critical to the accuracy of pro-
Jections. Therefore, use of one item to
indicate chianges in another item should
be based upon (1) establishing empiri-
cal relationship between the two items:
(2) confirming a logical relationship be-
tween the two {tems, and (3) determin-
ing the likellhood that the relationships
will continue over time and the nature
of possible variances,

“Infrastructural locational advantage.”
See locational advantage.

“Intensification benefit.” Benefit which
arises because a plan or project induces
an activity to modify its operation on the
flood plain.

“Intensification of land use.” An In-
crease in the gross output of an existing
activity at an existing site, due to a
change in the factors of production.

“Inundation reduction benefit.” The
flood control benefit to those activities
whose location decisions are unaffected
by a proposed plan. It is the value of
those flood losses prevented to those
activities which would use the flood plain
even without the proposed plan.

“Inundation damages.” Synonym for
flood damages.

“Land use.” A description as to how
land is utilized within the affected area.
A change in land use is based upon af-
fected area requirements and the ability
of the flood plain to better meet these
requirements given various levels of pro-
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tection. A major source and starting
point are land use meaps, with support
data, determined by responsible local,
regional and Federal agencles. The detail
number of levels of protection and num-
ber of years land use need be projected
will vary with the plans being considered

‘and the area being studied. The level of

detail should be based upon the criteria
of whether formulation and justification
are affected.

“Location advantage.” For any given
demand for land, the desirabillty one
parcel of land may possess over another;
and advantage may be physical, aes-
thetie, infrastructural or a combination
thereof. The former includes slope, foun-
dation, potential for flooding, avallability
of water; Infrastructural locational ad-
vantages are primarily psychological,
such as nearness to existing population,
accessibility to highways, civil stability,
and proximity to market. Most physical
advantages do not change significantly
over time and are generally measured In
terms of site development costs or in
terms of hazard damage sustained. In-
frastructural advantages will change
over time as an area develops, depreci-
ates or redevelops. It is most difficult to
quantify infrastructural advantages.
Measuring assoclated costs Is one way,
where it is possible to make two parcels
of land equivalently valuable for an ac-
tivity by a measurable expenditure (e.g.,
by putting in a road, by evaluating com-
muter costs between two sites, etc.),
Where this is not possible, a direct esti-
mate of the value of the location may be
made. A starting point is to state the ad-
vantage(s) quantitatively; e.g., water
supply available. A second step would
be to attempt to measure the market
value of comparable land and activities
with and without the advantage. The
purpose is to isolate unique advantages.
Interviews with experts may also be help-
ful. Where the infrastructural advantage
cannot be measured either directly or by
associated deviopment costs, the advan-
tage should be listed qualitatively hy
the reporting planner.

“Location benefit.” Changes in net in-
come to those activities whose decisions
as to where to locate are affected by the
proposed plan.

“Market value.” Synonym for value.

“Net income.” For firms, the differ-
ence between the gross income and costs
(or expenses). For households or public
service activities, the difference between
the value (market or simulated) of the
good or service supplied and the alter-
native cost of providing that same serv-
ice. The difference is net income for
users and is the benefit attributable to a
flood control project. It i1s emphasized
that net iIncome merely defines the bene-
fit; it does not indicate how the benefit
Is to be measured. Costs exclude land
rent except when specified otherwise In
the regulation (costs, revenues, benefit).

“Period of analysis.” The period of
analysis is that time horizon over which
needs shall be assessed and is the basis
for the NED benefit-cost ratio. The pe-
riod of analysis is 100 years for major
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reservolrs, major long-term urban pro-
tection and main-line levees. It 1s 50
years for all other flood control measures.

“DPhysical locational advantage.” See
locational advantage.

“Productivity.” (a) The ability to pro-
duce or increase output; (e.g.) normally
expressed as a rate of output over time;
ib» economic efficiency.

“Profit.” Synonymous with net income,
as used in this regulation.

“Project.” See flood control project.

“Protection.” A measure of the level
of a flood protection or plan, generally
measured by the exceedence frequency
protected against (e.g., Standard project
protection, 50-year protection). (exceed-
ence frequency, threshold level)

“Rationality.” See economic ration-
ality.

“Rent.” The value to, or the amount
paid. a landowner for use of his raw
land; a component of location benefit.
Economic rent equals the net income
of the occupying activity.

“Remalning flood damages.” Flood
damages which will occur even with a
flood plain management plan (flood dam-
ages, flood damages prevented) .

“Sensitivity analysis.” The calculation
of the rate of change of the objective
function with respect to a particular
parameter. An analysis of the compo-
nents of a plan based upon alternative
assumptions and/or projections to de-
termine if a change in a measure would
appreciably affect plan choice, design or
schedule. -

“Site operating costs.” The costs of op-
erating a given activity on a given par-
cel of land. The difference is a compo-
nent of location advantage. (site develop-
ment costs, associated costs, development
costs, location benefit)

“Standard project flood.” A large and
improbable flood, usually simulated by
placing the largest storm of record in
a given region over a specific basin or
sub-basin.

“Threshold level.” For a given activity
and year, the protection level at which
the activity is indifferent to locating on
or off the flood plain. The activity is in-
different when net incomes, on and off
the flood plain, are equal. Threshold
levels are crucial to location benefit
measurement and to land use analysis.

“Uneconomic.” An event which is not
economically rational (economic ration-
ality.)

“User.” Synonym for benefiting
activity.
“Value.” In this regulation, value

means market value; le, what a willing
buyer will pay a willing seller for a good
or service assuming full knowledge by
both parties of the pertinent market
characteristics of the good or service.
The market may be simulated.

“Wwillingness to pay.” The benefit
standard for National Economic Devel-
opment benefits attributable to a flood
plain management plan.

“With project condition.” The condi-
tion of having a specific flood control
plan, regardless of sponsorship or
operation.
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“Without project condition.” The con-
dition of not having the specific flood
control plan in operation. It is described
in terms of what is most likely to occur
within an area under evaluation without
the specific action, regardless of spon-
sorship.

“Zoning.” Authoritative restriction of
uses to which land may be put. A form
of land use regulation.

Subpart B—General Principles and
Standards of Benefit Evaluation

§ 341.20 Definition and examples of na-
tional economic development objec-
tive.

This regulation applies where national
economic development, providing for an
increase in the value of the Nation’s out-
put of goods and services and improving
national economic efficiency, is an objec-
tive. When this is the case, the develop-
ment of water and related land resources
results in increased production of goods
and services which can be measured in
terms of thelr value to the user. In-
creases in crop yields, expanding recrea-
tional use, and peaking capacity for
power systems are examples of direct
increases in national output which result
from water and land resource develop-
ments. Such developments often result
in an increase in the productivity of
labor and capital used with these re-
sources. Increases in earnings through
changes in land use, reduced disruption
of economic activity due to droughts,
floods and inadequate water supplies,
and removal of constraints on produc-
tion through improved water quality are
additional examples of direct increases
in productivity from water and land de-
velopment that further contribute to
national output.

§ 341.21 Relationship of flood control
programs to national economic de-
velopment objective.

A variety of programs, such as flood
plain management (Including flood con-
trol and prevention), dralnage, reduction
of sedimentation, land stabilization and
erosion control, contribute to the na-
tional economic development objective
by improving the net productivity of
flood prone land resources. This occurs
either by a direct increase in total out-
put or by reducing the costs for activities
using land resources. In the latter case,
the resources released are available for
use elsewhere in the economy to further
increase national economic output. These
programs affect land resources and con-
sequently the output of activities in the
following manner:

(a) Prevention or reduction of inunda-
tion arising from stream overflow, over-
land waterflow, high lakes stages, high
tides, and prevention of damage from
inadequate drainage.

(b) Prevention or reduction of soil ero-
sion, Including sheet erosion, gullying,
and flood plain scouring; streamback
cutting, shore or beach erosion, and pre-
vention of sedimentation.

(¢} Removal or reduction of limita-
tions on uses of specified land resources.

(d) Adjustments in the manner and
mode of flood plain use in recognition of
the flood hazard.

§ 341.22 General benefit standard for
national economic development.

The benefit standard is the willing-
ness of users (benefiting activities) to
pay for each increment of output from
a plan.

(a) Willingness to pay determines the
values of the increase in output from a
plan where total value is defined as the
willingness of users to pay for each in-
crement of output from a plan. The out-
put of flood control plans is the increase
in the productivity of land or the re-
duction in the cost of using land re-
sources. When users are producers, will-
ingness to pay is determined by the dif-
ference in net income accruing to users
of land resources benefiting from the
flood control plan compared with what
the users would earn in the absence of
such a plan, When users are consumers
(as opposed to producers), willingness to
pay is defined as the difference between
the cost of obtaining a site of equivalent
value in an alternative manner and the
cost of using the protected flood plain.
If the additional output from a plan is
not expected to have a significant effect
on the price of land of comparable qual-
ity to the protected site, these prices may
be used in the estimation of plan bene-
fits.

(b) Users. Users may be Individuals,
households, landowners, firms, or public
entities.

(c) Net income. Net income is defined
as the difference between the value (mar-
ket or simulated) of output (goods or
services) and the cost of (excluding land
rent) of producing the output.

(d) Non-national business and finan-
cial losses. Losses to benefiting commer-
cial activities which are compensated
through increased business off fiood plain
are not national losses.

(e) Erternalities are effects on parties
other than users of the outputs of a plan.
Flood damages may result from a plan
beyond the area it is designed to protect.
When plan Induced damages occur to
non-protected areas, they must be sub-
tracted from the benefits to the protected
are? when calculating final benefits of
a plan.

§ 341.23 -Application of general benchit
standards to flood control programs.

While there i1s only one benefit stand-
ard, there are three benefit categories
thereunder reflecting different activity
decisions made In response to the reduc-
tion of flood flows or hazards which re-
sult from a flood control plan; namely:

(8) Inundation reduction benefit. An
activity uses the flood plain exactly the
same with and without a plan. The bene-
fit i1s the increase in net income to the
flood plain activity. For activities not now
on the flood plain, this benefit will occur
only when it can be demonstrated that
the activity wiil have a larger net income
at the flood plain site than at the next
most efficlent available alternative site
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tas definicd in § 341.3 of this part) with-
out the pian.

(b) Intensification benefit,
mercial, industrial or agricultural activ-
ity on the flood plain modifies its opera-
tion because the reduction in potential
flood damages makes it profitable to do
so. The benefit is the increased net in-
come to the activity and landowner com-
paring the current and previous methods
of operation. This benefit will occur
when the increased output can be pro-
duced most efficlently under project con-
ditions by intensified operation on the
existing acreage as opposed to increasing
production elsewhere or bringing new
areas into production.

(c) Location benefit, An activity uses
the flood plain with a plan but not with-
out, as a result of the reduction in po-
tential flood damages. The benefit is the
difference in net income to the new ac-
tvity comparing the flood plain site to
the alternative off-flood plain site which
would be used without the plan less the
difference in net income for the activity
displaced by the new activity.

Subpart C—Evaluation Procedure

§ 311.30 l’reroquisfles to evaluation pro-
cedure.

The following provides a description
of those elements which are common
to a consideration of all flood control in
the plan formulation and evaluation
process. Special consideration should be
glven these elements during the study,
and they should be cescribed in the final
study report. !

(a) Description of flood plain manage-

" ment plans. A flood plain management
plan Is a strategy contributing to appro-
priate use of flood plains principally by
reducing potlential flood damage. Such
plans will normally involve a combination
of measures, regardless of sponsorship,

_ for modifying flood flows and/or reducing
damage susceptibility. Each specific plan
under consideration will be described in
that portion of the report dealing with
evaluation and measurement.

(b) With and without analysis. Each
plan will be evaluated under strict ad-
herence to the principle of with and with-
out analysis. The with condition will be
specific in tcrms of a plan, regardless of
sponsorship or level of protection, rather
than general terms, such as a flood con-
trol program. The without condition will
be defined in terms of what is most likely
to occur within an area under evalua-
tion without a specific plan. The four
cases that follow illustrate and clarify
the appropriate without condition.

(1) No clternative action in the ab-
tenee of a Corps plan of action. In this
case. the appropriate without situation is
that which will exist in the absence of
any Corps action.

(2) Alternative action already taken by
other parlies. In this case some flood
protection has already been provided.
The. appropriate without situation in-
cludes existing flood protection but with-
out further action by the Corps or any
other party.

(3) Allernalive action is anticipated
to be taken before Corps action. In this

A com-.
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case, the appropriate without situation
includes such anticipated protection but
without further sction by the Corps or
other parties. For example, flood pro-
tection has not yet been provided but
there are assurances that it will be pro-
vided before a Corps plan could be
started.

(4) Alternative action will be taken in
the absence of a Corps plan, but if the
Corps undertakes a plan no alternative
action will be taken by other parties. In
this case, the appropriate without situ-
atlon is that which will exist In the
absence of action by any party, as in (b)
(1) of this section. The rationale for this
s that in formulating plans, evaluation
of avallable alternatives (structural,
non-structural and mixed) must be
undertaken. Likewise a cholce must be
made from among these alternatives, in-
cluding those which could be undertaken
by other parties in the absence of a Corps
project.

(c) dpplication of Flood Disaster Pro-
tection Act to with and without condi-
tions. The adoption and enforcement of
land use regulations pursuant to the

 Flood Disaster Protection Act of 1973

(Pub. L. 93-234) will be assumed, both
with and without a Corps plan. This is
to Insure that Corps evaluation proce-
dures conform to Federal policy.-

(1) Regulation certified or near certifi-
cation. The Corps office will assure itself
that the land use regulation has been
or will be certified by the Flood Insur-
ance Administration (FIA) as adequate
under 24 CFR 1910.3(¢c) and/or (d) and
24 CFR 1910.5. In such cases, the without
conditions are developed pursuant to the
regulation. Purther structural, non-
structural and mixed alternatives will be
considered in Corps plan formulation.
The with condition will assume a zoning
ordinance compatible with the without
condition ordinance in those cases where
the 100 year flood is not contained by the
Corps plan. Where the flood is contained,
it may be assumed that no zoning ordi-
nance will be in effect. This is consistent
with FIA policy.

(2) Regulation not yet certified. It will
be assumed that the local jurisdiction
will adopt land use regulations certifiable
to FIA In the near future under the with-
out condition as a datum, and for the
with condition when a residual hazard
will remain. This applies to flood plains
regulated pursuant to 24 CFR 1910.3 (a)
and (b); to flood plains presently regu-
lated by local ordinances independent of
FIA; and to flood plains with no flood
regulation presently in effect. The regu-
lation assumed will include the following
two crucial features: No further develop-
ment of the flood plain unless the first
floor of the building is elevated to the
100-year level for residences or flood
proofed to that level for non-residences;

" and no occupancy of the floodway which

when taken with other developments
raises the height of the 100-year flood
by greater than one foot anywhere in the
flood plain. The possibility of a 24 CFR

" 1910.5 exemption will not be considered.

In those cases where application of this
sub-paragraph results in significantly
higher benefits to the Corps plan than
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would be the case under an assumption
of no land use regulations, the District
will report this finding and the reasons
therefore.

3) Ezxceptions. In certain cases the
prior provisions of this paragraph will
npt apply. These cases will involve situa-
tions where private, non-federally re-
lgtted financing of future development is
likely. Such cases will be extremely rare
and should be fully supported in the re-
port by an adequate explanation of the
unusual circumstances.

(4) Other applications. The impact of
Pub. L. 93-234 on evaluation has not been
fully determined. The use of reduction in
premium rates as a benefit category is an
example. For the time being, no further
changes in evaluation procedure will be
made.

(d) Economic rationality. The with
and without conditions are defined as
those which are most likely to occur
under each condition, However, for pur-
poses of evaluating structural compo-
nents of a plan economic rationality will .
be assumed. (This assumption is neces-
sary since it is contrary to Corps policy
to encourage or perpetuate irrational
flood plain use.) Economic rationality as-
sumes that activities attempt to maxi-
mize returns, have full knowledge of the _
flood hazard, and will not externalize
their flood losses. For those flood plains
where a local zoning ordinance forms
part of the with and without conditions,

- the basic test of economic rationality for

occupancy is: Do the advantages of the
flood plain exceed the cost of complying
with the zoning ordinance plus remain-
ing flood losses? For the few other flood
plains, the basic test for occupancy is:
Do the advantages of the flood plain ex-
ceed the expected flood damages or the
cost of flood-proofing plus remaining
flood losses, whichever is less?

(e) Base Year Definition. The base
year is defined as the first year in which
the recommended plan is expected to be
operational. The choice of the base year
should allow for the practical minimum
time required for authorization, funding,
construction and/or implementation,

_with no attempt made to account for

unforeseen delays or unusual expeditihg
In any procedural phase. The selection
of the base year should be estimated on
as realistic a basis as possible; the fol-
lowing is recommended as a guide:

Time allowance
2 years

Procedural phase

Submission of feasi-
bility report to date
of plan authoriza-
ton.

Plan authorization to
date of receipt of
initial construction
or implementation
funds.

2 years

Receipt of initial Variable depending
funds to date plan upon scope and
becomes operational. complexity of the

plan; shall be

identical to pertod
during which in-
terest during con-
struction 18
charged under
current directives.
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(1) Period of analysis. The period of
analvsis is 100 years for major reservoirs,
major long-term urban protection and
main-line levees. It is 50 years for all
o lier flood control measures. The period
¢ analysis is the time horizon over which
r.=eds shall be assessed and is the basls
far the NED benefit-cost ratio.

‘z) Amortization. Benefits and costs
for each flood plain management plan
shall be brought to present worth as of
the base year and amortized for 50 and
100 year periods. Projections beyond 50
vears are difficult to support. Therefore,
neither increases or decreases in flood
control benefits for project years 50 to
100 will be assumed or accepted.

(h) Benefit display. Benefits shall be
displayed in undiscounted average an-
nual values for the current year, the base
vear, and by decade thereafter. Account
will be taken of projected hydrologic,
demographic, and economic changes. Av-
erage future hydrologic conditions shall
not be used.

(1) Price levels. Benefits and costs shall
be evaluated under prices existing at the
time of submission of the report to OCE.
In the case of agriculture, apply Water
Resources Council (WRC) Guideline #2,
Agricultural Price Standards for Water
and Related Land Resources Planning,
Feh. 1974, and subsequent revisions, for
all projects covered by the Principles
and Standards and related guidance.

§ 311.31 Evaluation procedure.

There are five major steps necessary
in evaluate a flood plain management
plan. These five steps are: Delineation of
affected area; projection of anticipated
activities within the affected area; esti-
mation of land use demand; determina-
tion of flood plain characteristics; and
projection of land use. The level of detall
and presentation of each step will vary
with the area being studied and should
be based upon the criteria of whether
plan formulation or evaluation are af-
fected. For example, a stable economic
setting, where existing damages justify
or nearly justify the proposed plan, will
normally require less detall in assessing
future benefits than a plan justified pri-
marily on future conditions.

(a) Delineation of affected area. The
aren affected by a proposed plan consists
of the flood plain plus all other areas
likely to serve as alternative sites for any
activity which might use the flood plain
if it were protected. A functional ap-
proach to delineating the affected area
rcquires obtaining insight as to potential
future uses of the flood plain. There are
several methods of accomplishing this,
such as simply observing current uses of
the flood plain, holding public hearings,
reviewing local plans, consulting influ-
ential citizens, community officials, pri-
vate firms and utility companies, review-
ing economic base studies, Standard Met-
ropolitan Statistical Areas (SMSA) and
other large area studies. Potential future
uses should first be specified by broad
categorles including: Industrial (manu-
facturing), commercial, residential, open
space, recreation, agriculture and other.

\
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Working circumferantially from the flood
plain, alternative available areas for each
such use must be specified. Sufficlent area
must be included to insure that the af-
fected area 1s large enough to accommo-
date at least these major categories of
potential future use. When the potential
use of the flood plain includes industrial
use within an SMSA, the entire SMSA 1is
the affected area; for residential use,
even within an SMSA, a much smaller
area may bhe envisioned. In the case of
agriculture, it is normally sufficient to
specify alternative areas in more general
terms.

(b) Projection of anticipated activities
within the affected area. Projections of
demographic and economic activity
within the affected area are seldom in-
fluenced, in the aggregate, by a plan for
flood control. A single set of projections
should be developed, therefore, to serve
as a basis for the entire analysis. Excep-
tions to the general rule will be supported
by a special explanation of why a plan is
likely to cause a different level of aggre-
gate activity. Economic and demographic
projections should be made for at least
the following characteristics: Popula-
tion, personal Income, manufacturing
employment and output, and agricultural
output. For any given area, additional
projections may be necessary depending
upon the potential uses of the flood plain
and the sensitivity of the plan to these
projections. Projections should be made
for the planning period (normally 50
years from the base year) at least by 10
year increments. Demographic projec-
tions should be based upon historical
trends for the affected area, upon larger
area trends or projections such as those
put out by the Office of Business Eco-
nomics, U.S. Department of Commerce
and the Economic Research Service, U.S.
Department of Agriculture (OBERS),
and upon local master plans and projec-

tions. However, growth in the fiood plain”

i1s not likely to be the same as for larger
areas. The Influence of applicable con-
straints such as quality of land available,
environmental impact and local zoning
ordinances must be made explicit in the
analysis.

(¢) Estimation of land use demand.
Land use demand within the affected
area is obtalned by converting demo-
graphic projections (e.g., population) to
acres. Such conversion factors will nor-
mally be derived from published second-
ary sources, from Corps studies of similar
areas, or from empirical data available
In the affected area. The categories of
land use demand should be only as de-
talled as is necessary to reflect the inci-
dence of the flood hazard and to estab-
lish the benefits derived from a plan. For
example, 1f the affected area has con-
siderable potential for high-rise apart-
ments, then the population projection
should be carefully converted to acres
which include high-rise densities factors.
Conversely, where residential use 1is
small, detailed analysis of the residential
sector is of lesser importance.

(d) Determination of flood plain char=
acteristics. The existing characteristics
of the flood plain must be delineated be-

fore it 1s possible to determine its poten-
tial uses. Therefore, an inventory of the
flood plain will be undertaken in order
to determine those characteristics which
make it attractive or unattractive for the
land use demands established in para-
graph ¢ of this section. Emphasis will be
placed upon those characteristics which
which distinguish the flood plain from
other portions of the affected area. The
following categorization should be used
as & guide.

-(1) Inherent characteristics of a flood
plain. All or most flood plains have the
following characteristics: Flooding;
floodway, natural storage; open space,
recreation, wildlife, wetlands; transpor-
tation; and other.

(1) Flooding. A description of the flood
situation will be presented, including a
designation of high hazard areas. This
description will include the character-
istics of the flooding such as depths, ve-
locity, duration, debris content, area
flooded by flood of selected frequencies,
including 100 year frequency, historical
floods and Standard Project Flood
(SPF). See also § 341.41(c) (1) of this
part.

a1 Floodway, natural storage. A de-
scription and delineation of those areas
which, if urbanized or structurally pro-
tected, would affect natural storage,
velocity or stage, or In any way affect
flood flows elsewhere will be presented.

(ii) Open space, recreation, wildlife,
wetlands. Many flood plains are potential
recreation, open space, wetland, or wild-
life preserves, particularly those proxi-
mate to an urban area. The potential of
the flood plain for these purposes must
be recognized and presented.

(iv) Transportation. Flood plains near
navigable streams have inherent attrac-
tiveness for industries which demand
water-orlented transportation. Flood
plains also often serve as sites for rail-
roads, highways, pilpelines, and related
facilities which are not susceptible to
serious flood damage yet tend to attract
industry to the area.

(v) Other atiributes. Other inherent
attributes include: Sofl fertility, reliabil-
ity of water supply, waste disposal, sand,
mineral and gravel deposits.

(2) Physical characteristics. The ex-
Istence of certain physical characteristics
may effectively preclude use by some ac-
tivities likely to compete for flood plain
land. For example, it may not be feasible
for certain types of heavy manufactur-
ing activity to locate in areas possessing
unfavorable soil foundation character-
istics. Therefore pertinent physical char-
acteristics should be described, includ-
ing slope, soil types, water table, among
others.

(3) Available services. Most activities
require some or all of the following
services: Transportation facilities (high-
ways and rall), power, sewerage, water,

_avallability of labor force, and the like.

The availability of such services in or
near the flood plain will be indicated, In-
cluding comparisons with other portions
of the affected area. Future planned
services for the affected area will also be
presented.
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(4) Exisling activities. The inventory
of the flood plain will include a list of
existing activities, the number of acres
and density of each. The total acreage of
the flood plain should thus be accounted
for; vacant or unused acreage should be
separately categorized.

(e) Projection of land use. Given tt_xe
existing characteristics of the flood plain
and the remainder of the affected area
previously designated, land use demand
must be allocated to flood plain and non-
flood plain lands. with and without each
specific flood plain management plan.

(1) Basic factors. The allocation shall
be based upon a comparison of three sets
of factors. These are: (i) The flood
plain characteristics; (ii) the character-
isties sought by potential occupants; and
(iii) the availability of sought-after
characteristics in the non-flood plain
portions of the affected area.

(2) Criteria. The principle of economic
rationality shall be applied. The flood
plain will not be used unless it possesses
characteristics which give 1t a significant
economic advantage over all other avail-
able sites within the affected area. If such
advantages exist, the analyst must de-
termine whether they overcome potential
flood losses. Flood losses include those to
the benefiting activity and to those ad-
ditfonal activities induced to use the flood
plain; e.g., residential use, induced
neighborhood commercial and public fa-
cilities. Flood losses will be specific to the
zone of the flood plain being considered.
A zone 1is delineated by frequency of
flooding, (See §341.13, “Exceedence
Frequency” of this part), under “with-
out plan” conditions, from which the
incidence of all benefits shall be speci-
fied. This should include flood magni-
tudes with exceedence intervals of 25, 50,
100 years, the standard project flood and
the design flood.

(3) Procedure. A consistent procedure
will be applied to every plan and pro-
tection level under consideration, and to
the without plan condition. The appro-
priate procedure is:

-~ (1) Determine whether future benefits
are likely to affect the design, formula-~-
tion or justification of a flood plain man-
agement strategy. If so, proceed to next
step.

(i1) Eliminate all uses for which the
flood plain offers rnio advantages and all
activities which cannot tolerate flooding
or flooding of a certain type (e.g., high
velocity) .

(ill) For uses attracted to the flood
plain, a list of advantages in comparison
to alternative sites in the affected area
will be presented. For each advantage,
the analyst will indicate the importance
of the advantage In location choice (e.g.,
essential, important, desirable, or of
marginal advantage). Special attention
should be paid to minimura characteris-
tic requirements of each activity type
(e.g., ground surface slope may not ex-
ceed 15 percent for “X” activity. type).
Where applicable, the advantage will be
explicitly quantified.

- (iv) For advantaged uses, an estimate
of potential flood losses should be pre-
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sented. Often economic losses are mini-
mal; e.g., green belts. municipal parks,
game refuge or the use of simple open
space. In such oasr:, continued flood
plain use may be as:mned. Often a high
level of protection vill reduce potential
losses for any activity in all areas of the
flood plain to negligible amounts. In such
cases, those activities for which there is
8 maximum absolute advantage will use
the flood plain.

(v) The advantages of the flood plain
to related flood hazard will be compared

in order to determine whether, for low -

levels of protection or under the without
condition, the advantages exceed the po-
tential flood losses. Historical experience
in the flood plain or in nearby or similar
flood plains; the ratio of losses to ap-
proximate net returns or capital invest-
ment; guidelines by Federal and private
lending authorities; local master plans
which explicitly take flood hazards into
account; WRC guidelines; residential in-
terviews; and business interviews are all
methods by which such a determination
can be made short of detailed quantifica~
tion.

§ 341.32

While allocation of land use will pro-
ceed under the assumption of economic
rationality, there will be instances where
occupancy of flood plains in the general
area exists, but is not apparentiy ra-
tional; e.g., single family residential use
in frequently flooded areas. This should
be confirmed in several ways. One is by

Irrational use.

-direct interview of occupants; e.g., did

the occupant know he was in a flood
plain? What degree of hazard did he
anticipate? Another is by discussion with
local authorities. A third is by observing
historical occupancy and sequence of
development to determine whether high
hazard flood plain occupancy is common.
If deliberate high hazard occupancy is
observed, the location decision may be
assumed to be rational. Once the exist-
ence of irrational use is verified, and the
probable increased future irrational use
confirmed, the report should (a) base fu-
ture benefits to structural protection only
on rational use, (b) if possible, assist the
Jocal entity in devising sound regula-
tory ordinances to prevent continued ir-
rational use, and (¢) claim the preven-
tion of irrational use as a benefit to such
regulation, flood plain information, land
purchase and other similar non-struc-
tural plans or plan components.

§ 341.33 Prescotation.

For the recommended plan and for the
without condition, there should be pre-
sented a map or other graphic display
clearly indicating existing and projected
land use for the affected area, with ap-
propriate exceedence intervals as indi-

-cated In § 341.31(e) (2) of this part.

Subpart D-—Benefit Measurement

§ 341.40 Characteristics of flood plain
management benefits,

The use of a flood plain is likely to

" change even in the absence of a dood
plain management plan. This change
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may result in an Increase or decrease
of economic activity. A benefit accrues
by reducing or modifying the flood haz-
ard to such economic activity. This bene-
fit is referred to as an “inundation reduc-
tion benefit.” In addition, activities which
would use the flood plain even without
& project may be encouraged to intensify
their use because of a plan (e.g., where
a shift from lower to higher value orops
occurs). This is referred to as an “in-
tensification benefit.” Finally, a plan may
induce new economic activity into the
flood plain (e.g.,, where a shift from
agricultural to industrial use oecurs).:
This benefit is referred to as a “location
benefit”.

§ 311.41 Flood damages withoui project.

The determination of the level of ex-
isting and future fiood damages without
a plan leads directly to computation of
t.i.. inundation reduction benefit.

(a) Types of flood damage. Flood dam-
ages can be classified as physical dam-
ages or losses, emergency costs, and busi-
ness or financial losses. Each activity af-
fected by a flood experiences losses in
one or more of these classes. Such clas-
sification assists in identifying and eval-
uating the losses and in relating varia-
tions in their magnitude to the range of
flood conditions expected with and with-
out the project.

(1)  Physical damages include the
damages to or loss of buildings or parts
thereof; loss of contents, including fur-
nishing, equipment, decorations, stock
of raw materials, materials in process
and completed products; cost of cleanup;
loss of roads, sewers, bridges, power lines,
and so forth.

(2) Business and financial losses in-
clude the various economic losses other
than direct physical damages and emer-
gency costs resulting from a flood, such
as net loss of normal profits and return
to capital, labor and management in
the readily identifiable zone of flood in-
fluence. Such losses bear no consistent
relation to physical damages and must be
derived from specific independent eco-
nomic data for the interests and proper-
ties affected. To the extent that such
losses cannot be compensated by post-
ponement of an activity or through
transfer of the activity to business es-
tablishments not affected, prevention of
such loss results in a contribution to na-
tional economic development.

(3) Emergency costs will include those
additional expenses resulting from a
flood that would not otherwise be in-
curred, such as evacuation and reoccu-
pation, flood fighting, disaster relief, in-
creased expense of normal operations
during the flood, increased costs of police,
fire or military patrol, and abnormal
depreciation. Emergency costs should be
determined by specific survey or research
and may not be estimated by applying
arbitrary percentages to the physical
damage estimates.

(b) Existing flood damages without
project. Existing flood damages are po-
tential average annual damages to ac-

tivities affected by flooding at the time
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the study is completed. Existing damages
are those either expressed for a given
magnitude of flooding or as computed in
thé damage frequency process. No projec-
tion is involved. The basis for the deter-
mination of existing damages shall be
Josses actually sustained in historical
floods. Therefore, the analyst should
specify the year and month for all signifi-
cant discharges above zero point of
damage and indicate damages actually
sustained by reach or zone and type of
property and activity. Data on historical
flood losses must be supplemented by ap-
praisals and an inventory of the capital
investment (including structures and
contents) within the flood plain. Esti-
mates ¢f damages under existing condi-
tions for floods of magnitude which have
not historically occurred must be com-
puted. Average annual losses will be esti-
mated by using standard damage-fre-
quency integration techniques. -

(c)
project. These are damages to economic
activities which are expected to use the
flood plain in the future in the absence
of a plan. Future includes any time pe-
riod after the year in which the study
is submitted to OCE. In order to ulti-
mately relate costs to benefits, however,
future damages must be discounted to
the base year.

(1) Hydrologic changes. Changes in
basin land use may result in major al-
teration of the drainage characteristics,
particularly surface run-off; such hy-
drologic changes must be projected for
the planning period. Average future hy-
drologic conditions shall not be used;
such techniques obscure situations where
a project level of protection may be to-
tally unacceptable by the end of the
planning period. ‘ ’

(2) Economic changes. Economic
changes can be expected to result in a
change in the level of flood losses in the
future. The following three paragraphs
discuss the projection of future flood
damages. The level of detail in project-
ing future flood losses should be based
on the effect of the analysis on plan
formulation and evaluation. A benefit-
cost ratio for existing condition will al-
ways be shown. If it is greater than unity,
the projection of future benefits may be
accomplished in abbreviated form, un-
less it would distort the comparison of
alternatives or the cost allocation and
cost sharing in multiple purpose proj-
ects. In the latter situation the detail
and accuracy of the estimates of flood
control benefits should be comparable
to benefit estimates for other purposes
(e.g., water supply).

§ 341.42 Measurement and projection
of physical flood losses.

Measurement and projection of flood
damages must be based upon the estab-
lishment of actual, observed relation-
ships between damages, flood character-
istics, and those indicators used for
measurement and projection. Thus, pro-
Jections of flood damages should be made
on the basis of the actual regression co-
efficlents as modified by consideration of

Future flood damages without

' The
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constraints which change the histori-
cally derived relationship between flood
damages and a given independent vari-
able. Basically, damages are a function
of the number and value of each physi-
cal unit of propertv in the flood plain
adjusted for the dvnage susceptibility
at each stage of flooding. All of these
interrelationships must not only be made
explicit in the analysis, but their accu-
racy and representativeness supported
by empirical evidence. There are three
steps to be used in measuring flood dam-
ages for a future year: Estimating the
number and size of physical units; esti-
mating the future value of units; and
determining damage susceptibility of
units. ’

(a) Physical units. The first step in
measuring flood damages for a future
year, is to determine from the land use
analyses the number and size of physi-
cal units In the flood plain by hazard
zones for each of the {following
categories:

(1) Residential. The number of physi-
cal units can be obtained by relating the
number of acres to density, persons per
dwelling unit and similar ratios. These
ratios can be expected to change over
time; however, major shifts would be
improbable. Several ratios should be
tried to test for consistency, accuracy and
sensitivity of any one estimate. Extreme
care must be taken to subdivide the resi-
dential category into single famlily and
mutliple dwelling units since damage per
unit of value vary widely for each. Mul-
tiple dwelling units should be further
subdivided; e.g., into high rises, garden
apartments, and Ibw density multiple.
Single family residences should be clas-
sified as conventional or mobile home
units. Type of construction is also im-
portant, as discussed below under dam-
age susceptibility.

(2) Commercial. The number of com-
mercial establishments can be estimated
by relating sales to population, output
to sales, acres to output, square footage
to gross sales, or by a similar technique.
Again, extreme care must be taken to
subdivide commercial categories; e.g., re-
tail, wholesale, warehouse, professional
and administrative, highway commer-
cial, and other appropriate subcategories
affecting the value and damage suscep-
tibility of the physical unit. A causal re-
lationship must be demonstrated between
t'.e activity projected (e.g., warehouse),
and the independent variable (e.g., man-
ufacturing output within affected area).
interdependence between com-~
mercial activity and related soclo-eco-
nomic indicators should be closely
fglecked for consistency and dependabil-

y.

(3) Industrial. The_number of indus-
trial establishments is estimated less
readily than commercial or residential.
This 1s because broad regional or nation-
al needs will usually dictate the demand
for most industrial products. It is not
reasonable to assume that the agegregate

‘industrial output of an affected area will

be influenced by a flood control program.
However, the location of these activities

within the area could easily be affected.
Direct interviewing of existing industries
and consultation with a responsible land
use planning entity as to possible shifts
in industrial location patterns is usually
feasible due to the relatively small num-
ber of industries likely to occupy a given
flood plain. Indices of physical units
which may be appropriate include capital
to output ratios, output per employee,
sales to output ratio, capital investment
per unit of output, value added per
gross sales, and rolling stock per ton-
mile. Land available for industry as indi-
cated by local zoning and land use plans
may act as a constraint upon develop-
ment but does not determine the amount
of industry which will locate in the flood
plain. Recognized projections such as
OBERS, McGraw-Hill, National Plan-
ning Association, the Federal Reserve,
and Resources in America’s Future,
among others, should also be utilized.

(4) Public facilities. These cover a wide
range of different types of physical units;
e.g., roads and bridges, schools, gov-
ernment offices, sewage treatment facili-
ties, water treatment plants, and parks.
Many of these can be projected in the

. future by determining physical require-

ments as a function of the population
and industrial mix of the affected area.
It is noted that some types of public fa-
cilities, such as streets and schools will
increase virtually in direct proportion to
population. Other types, such as junior
colleges, will appear for the first time
only when a high regional population
density is reached. Other types of public
facilities do not vary with the popula-
tion of the local area but rather with
regional or national demands; e.g., ma-
jor freeways, state office buildings, and
major universities. As with the industrial
category, maximum use should be made
of accepted published projections, direct
interviews and established land Lise plans.

(5) Agriculture. Acres of land under
production, types of crops, and changes
in yields per acre are the principal physi-
cal units of agricultural measurement. As
a rule physical structures on agricultural
lands are limited to farmhouses, barns,
and related buildings. The number is
generally a function of farm type and
size. Estimates of physical equipment,
such as irrigation equipment, and trac-
tors, in the flood plain may be based
upon regional characteristics and trends
in farm capital/output ratios or farm
capital/land ratios as well as model farm
data. Capital equipment for agricultural
production is often mobile and can be
removed from the hazard of most floods.
Farm residence and personal property
can also be advantageously located out-
side of the flood plain in many instances.
Information specifying the types of agri-
cultural damages is to be displayed. Ad-
ditional information should be included
to provide details on the time of year
and the stage of the growing cycle In or-
der that the origin of the flood damages
assoclated with each of the historical
floods can be explained.

(b) Value per physical unit. (Not avall-
able at this time.)
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(¢) Damage susceptibility. Once the
number of physical units and the value
associated with each unit are known,
damage susceptibility relationships must
be established as a function bf total value
of each physical unit and the flood char-
acteristics of the stream, such as velocity,
depth, duration, volume, debris control
and salinity. Some of the determinates
of damage susceptibility are:

(1) Location within the flood plain. An
industry located between the 50 and 100
exceedence interval of a flood plain 1s less
flood proae than the same one located
within the fifteen year flood plain.

(2) Type of activity. Certain types of
activity are more susceptible to damages
than others. For example, single family
residences usually sustain greater dam-
age per unit value than high-rises. An-
other example is in comparison of dam-
age to crops and single family residences.
The latter are usually built to allow for
rapid lot drainage; hence, major damage
often does not begin unless depth of
flooding exceeds one or two feet above
natural ground level. Flood duration
similarly affects alternative activities in
different ways. The calculation of re-
maining damages should be particularly
cognizant of actlvity type. Plans should
consider the implications of elevation,
flood proofing, evacuation and relocation,
and all other management options.

(3) Vertical development. As the value
of each physical unit increases, historical
trends indicate that the number of stories
in bulldings increases because of land
scarcity. For most streams, flood waters
do not reach second stories or above. In
some areas basements are traditional and
in other areas siab foundations predomi-
nate; both affect damage susceptibility.

(4) Material used. Some materials are
inherently less prone to flood damage
than others. For instance, cinder block
is normally less prone to flood damage
than wood.

(5) Individual response. As property
value Increases, owners may be expected
to take individual actions to reduce
damage susceptibility, such as keeping
valuable household items on the second
story. The cost of flood proofing serves as
a limit on the level of damages which a
rational activity 1s willing to accept. The
rational action of an average individual
should apply when trying to anticipate
the response to a flood hazard situation.

(6) Unknown commodities and ma-
terials. Increases In damages will not be
.assumed where the nature of commeodi-
ties and materials projected in the future
are unknown. This is because the suscep-
tibility of such commodities and materi-
als to flood damages cannot be known,
and many aspects of “known" projected
activity cannot be accurately perceived.

§ 341.43 Projection of Dbusiness
financial losses.

Buslness losses can be projected to in-
crease in the future only under special
circumstances. The special circumstances
are when it can be shown that future
losses cannot be compensated through a
transfer of sales to other establishments.

and
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Such a showing will require a determina-
tion of the number and location of simi-
lar busineszes in the general area. In no
event will increases in physical losses be
used to directly project business losses.

§ 341.44 Projection of emergency costs.

Emergency costs encompass a wide
variety of programs. Some, such as emer-
gency shelter and food, are primarily a
function of the occupancy of the flood
plain, but not of the value of develop-
ment in the flood plain itself. In no
event will emergency costs be projected
40 Increase as a direct function of physi-
cal losses.

§ 341.45 Innundation reduction henefit.

The inundation reduction benefit is the
value of reducing flood losses to activities
which would use the flood plain without

»any plan. Structural measures directly

reduce flood flows. Evacuation reduces
flood losses without modifying flood
flows. Early warning systems reduce flood
losses. Flood plain regulations governing
flood proofing and building materials also
reduce damage susceptibility.

(a) Flood damages reduced. Inunda-
tion reduction benefits are measured as
the reduction in the amount of ficod
damages or related costs. Related costs
are those which would be voluntarily
undertaken by economically rational in-
dividual activities to reduce flood dam-
ages. An important example is where
flood proofing is expected without a plan.
In such cases the benefit is the cost of
flood proofing plus damages assuming
flood proofing, less residual damages.

(b) Market value of land. The differ-
ence in the market value of land with and
without a project reflects the capitalized
increase in net income associated with
the project. This proxy Is not perfect
and in some instances, such as flood
plain evacuation, is meaningless. There-
fore, the reduction in flood damages
often provides a more practical and
representative measure of inundation
benefits than does increase in land value.
However, the land value approach is
a useful check on benefits, especially
in a stable agricultural situation. The
influence of externalities must be care-
fully considered whenever land values are
used in the benefit algorithm.

§ 341.46 Location benefit.

The location benefit 1s the value of
making flood plain land avallable for
new uses by reducing flood hazards to
actlvities which would use the flood plain
only with protection. An example is when
a plan permits Industrial use of a flood
plain which would be in agricultural use
or vacant without the plan. Any flood
plain management strategy which re-
duces potentlal flood losses can poten-
tially give rise to & location benefit.
Location benefits are narrowly defined
in this regulation. The benefit for pro-
ducers Is the difference in the net income
accruing to users of land resources which
would locate on the protected flood plain
when compared to what these users
would earn in the absence of a plan. For

29547

consumers, the benefit standard is de-
fined as the difference between the cost
of obtaining a site of equivalent value
in an alternative manner and the cost of
locating on the protected flood plain.
Three techniques are available to meas-
ure location benefits. These are: Net
income differences, threshold levels, and
changes in the market value of land.
These techniques represent a compro-
mise between theory and the time and
data limitations facing Districts. Because
they are not equivalent, two methods will
be used in each calculation of location
benefits. The choice of values for loca-
tion benefits used in the final benefit
calculation should be based on an ex-
Plicit evaluation of the reliability of the
alternative estimates. Finally, the reduc-
tion of flood related expenses 1s an upper
bound on location benefit, no matter
which method is used.

(a) Net income differences. The bene-
fit is derived in six steps:

(1) For a displacing activity, calculate
the net income difference for the activity
(where costs exclude land rent and fiood
damages) between the alternative site
and the flood plain site.

(2) For a displaced activity (if any),
calculate the net Income difference
(where costs exclude land rent and flood
damages) between the alternative site
and the flood plain site. This step is
primarily designed to insure that the
loss of agricultural productivity on a fer-
tile flood plain is not overlooked.

(3) Add the increases in net income of
the displacing activities less the
decreases in net income of the displaced
activities.

(4) As with all evaluation categories,
residual damages to induced develop-
ment must be substracted from gross
location benefits. Note that induced de-
velopment includes activities which lo-
cate on the protected flood plain solely
because another activity locates there.
For example, if residential development
occurs on the flood plain, schools, com-
mercial businesses and other activities
will locate there also. This reduces the
benefit attributable to the flood control
plan because residual damages to such
activities must be deducted from location
benefits. ‘

(5) Flood damages reduced to activ-
ities which have been displaced by the
induced activities should be subtracted
if such reductions have already been
counted as part of an inundation benefit.

(6) External flood damages must be
deducted. Taken together, steps 4, 5 and
6 call for a thorough analysis of in-
duced and remaining flood damages.

The net income approach will have
greatest practical application where the
advantages of the flood plain relative to
alternative sites are specifically identt-
fiable and quantifiable, and the displaced
activity is agricultural (or vacant).

(b) Threshold levels. The threshold
level is that level of protection at which
a new activity is economically indifferent
between location on the flood plain and
off the flood plain. Viewed from a flood
frequency perspective, for example, an
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activity may be indifferent to moving
onto the flood plain if a 50-year level of
protection were assured. Any level of
protection above 50 years, therefore,
would induce the activity onto the pro-
tected fiood plain. The benefit above this
level may be quantified in terms of flood
damages reduced to the new activities.
Flood damages reduced to the old activ-
ity must be subtracted to avoid double
counting of benefits if they have been
claimed as inundation benefits. Finally,
external fiood damages must be deducted
(similar to paragraph (a)(6) of this
section.

(1) Rationale. The method is analo-
.gous to the use of flood damages reduced
to measure the Inundation benefit. It
will be noted that in the case of inunda-
tion benefits, the threshold level of pro-
tection is no protection.

(2) Some suggested methods of meas-
urement. The following are suggested as
aids in quantifying threshold levels:

(i) Direct interview with potential
flood plain users. Because of the limited
number of interviews necessary, this ap-
proach would be particularly useful in
intensification situations and for.indus-
trial, commercial, and home construction
firms which are already in the general
area.

(i) Institutional sources. Various
sources on information include: local
flood control districts, local zoning ordi-
nances and Federal flood plain manage-
ment offices.

(iil) Flood damages per acre. Where
the flood plain is fairly homogenous ex-
cept for the flood hazard, the flood dam-
ages per acre (or other unit) on the por-
tion of the flood plain which is expected
to experience the same development pat-
tern with or without the plan approxi-
mate an acceptable level of flood hazard.
Every advantage should be taken of sta-
tistical sampling techniques under these
conditions.

(iv) Similar projects. The effect of
Federal or local projects along the same
stream or other similar streams may
indicate the threshold level. For exam-
ple, if 50-year channel works induced
residential development in a nearby
area, the 50-year protection threshold
level for the study area would probably
be similar.

(v) Location within the flood plain.
Low levels of protection may induce de-
velopment of only those areas of the flood
plain which are not subject to large
damages.

(vl) Prior determinations. Where a de-
tailed analysis (subsequent paragraphs)
of development and operating costs has
established a given threshold level for a
stream, the same level may apply for
other streams in the area or other
streams with similar characteristics.

(vil) Shape of damage curve. For ex-
ample, where potential damages occur
primarily in larger floods, a high level of
protection will be necessary to induce ac-
tivities to locate in the flood plain.

(c) Changes in the market value of
land. Changes in market value of land

can be used to measure location benefits.
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The value of land is e.tablished through
market transactions and is influenced by
buyers and sellers considering the esti-
mated effects of risk, uncertainty, proba-
bility of higher use, and the time lapse
before particular land parcels are ex-
pected to shift into a hivher order of use.
Consequently, market Lind value repre-
sents the present capitalized value of the
anticipated future income stream (rents)
associated with the expected uses of the
land. Changes in the market value of land
can be used to measure the benefits to
activities which would locate in the flood
plain when there are important external=
ities associated with a plan. Thus, there
are two uses of changes in the market
value of land.

(1) Location benefit to users. The ben-
efit is the difference in the market value
of flood plain land with and without a
plan.

d) With plan value. If the plan does
not result in a major addition to the
supply of land in the area, the value

-with protection is the market value of

comparable flood free land. If the plan
results in a major addition to the sup-
ply, the effect on the general price of
land should be taken into account in
estimating the value of flood plain lands
with protection. The flood free land must
be comparable in terms of physical and
infrastructural characteristics, e.g., water
availability, transportation, soil stability,
utilities, amenities, and so forth.

1) Without plan value. The value of
nearby flood plain sites should be used
or, where reasonable, the current value
of the flood plain. In either case, the cur-
rent and, where available, past market
values of the flood plain will be reported.
Actual market values will be used, not
capitalized income values. Hence, it must
not be assumed that the value of land
being used for agriculture in an urban or
urbanizing situation is the capitalized
value of agricultural returns and that
any value higher than that is due to
(a) speculation on a Corps’ project or
(b) lack of knowledge. On the contrary,
without values in excess of agricultural
values are to be expected, reflecting the
probability of future use as well as exist-
ing and anticipated. infrastructural in-
vestments (e.g., highways, water supply,
etc.). In addition, the comparable with-
out project sites should not be flood free
agricultural sites. -

(iily Projection of market value of
land. Projected increases in the market
value of land with and without a plan
may not be used to measure flood con-
trol benefits. This is because the current
market value of land theoretically cap-
tures the expected stream of benefits
over time.

(iv) Data problems, sources and dis-
play. Comparable sites should always be
specified both as to location and as to
sales data utilized for establishing the
price. In addition, the comparable sites
should be displayed on a map. The num-
ber of observations and an analysis of
the range of values must be based on
sound statistical procedures. In addition,

the difference in with and without values

must be net of differences due to suning
and to parcel size. Market values may be
obtained from reports of land transac-
tions, appraisals and assessments and
other sources depending upon data
avallability and reliability.

(v) Computation of benefits from
market value data. The Federal rate of
return will be used in converting market
values to average annual benefits. This

is because of the difficulties in convert-

ing a nominal private rate of return to a
real rate of retuwrn by adjusting for in-
flation. Of course, residual damages to
induced activities must be deducted. In-
creased flood damages to areas outside
the protected area must also be deducted

.and inundation benefits to displaced ac-

tivities must be deducted if these were
claimed as inundation benefits.

(2) Effects from externalities. In addi-
tion to its effects on flood damages out-
side the protected area, a plan may have
other effects on activities near the flood
plain. For example, when a plan per-
mits the development of & flood plain
which otherwise would be open or green
space, nearby activities may suffer losses.
These losses would be reflected in a de-
cline in land values in the nearby areas.
Conversely, open or green space as a
component of a ficod plain management
plan may raise surrounding land values.
When such externalities are expected to
be important and can be estimated, they
should be included in the location bene-
fit calculation.

§ 341.47 Intensification benefit.

The intensification benefit is the value
of a plan to activities which are thus en-
abled to utilize their land more inten-
sively. An example is where the reduc-
tion of the risk of flooding permits a user
to invest additional labor or capital in
the land, thereby producing higher crop
vields or converting woodland or pasture
to crops. This same type of benefit can
accrue in urban settings. For example,
homeowners may decline to renovate
older homes due to a flood threat or prop-
erly utilize land available for expansion;
the removal of the threat results in an
intensification benefit. A flood plain man-
agement plan which embodies preserva-
tion or enhancement of open space, parks
or historic sites may also result in large
intensification benefits in urban settings
where a high demand for such uses ex-
ists. Residual flood losses to these Inten-
sified activities must also be considered
when calculating net flood damages.

(a) Direct measurement. Revenues
and costs are usually available for agri-
cultural activities. Direct measurement
of net income changes is therefore pos-
sible. Net agricultural income for future
years may be obtained by estimating an-
ticipated net productivity gains in agri-
culture for the area under analysis.
Factors of production should be made
explicit. The analyst should utilize ex-
pert opinion, past trends and data from
“model” farms such as those run by agri-
cultural experiment stations. Net pro-
ductivity is the increased yields and
commodity price per acre adjusted for
the change in costs, including inundation

y .
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damages associated with the new oper-
ation. Under the majority of circum-
stances, it may be assumed that no indi-
vidual project is likely to influence the
productive practices of agricultural ac-
tivity elsewhere. Although extremely
difficult to measure, the cumulative effect
of agricultural intensification benefits
for each project should reflect the net
reduction in agricultural income lost
elsewhere because of the project. This
means that the benefit is limited to the
savings in cost for induced production
when compared to production on upland
areas, and must be so calculated when-
ever possible. In no case may this exceed
the savings In the cost for induced pro-
duction in the flood plain itself.

(b) Threshold levels. Similar to the
measurement approach for location ben-
efits, intensification benefit can be meas-
ured by those flood damages reduced
above the threshold level.

(¢) Market value of land. As discussed
under inundation reduction and loca-
tion benefits, market value is normally
not preferred as a measure of benefits;
although it does provide a useful check
upon other techniques and may serve as
a parameter of benefit worth.

§ 341.48 Remaining flood damage sit-
uation: Categorization.

The remaining damages are those
which are expected to occur even with
a flood plain management plan in opera-
tion. Categories of remaining damages
are:

(a) Damages to activities which would
occupy the flood plain with as well as
without the plan. Damages to these ac-
tivitles may be increased by the presence
of induced activities because the induced
activities reduce the natural storage
area of the flood plain (e.g., by floodway
encroachment). Such effects are a part
of the remaining damages.

(b) Damages to activities which would
occupy the flood plain only with the
plan. Again effects of increased flood
heights resulting from induced develop-
ment are a part of the remaining
damages.

(¢) Increased damages to activities
outside the protected area under the
with—as compared to the without—con-
dition. For example, the plan itself or the
development induced by a plan may
cause increased or new flooding on the
fringe of the flood plain or up and down-
stream. Such external effects are a part
of the remaining damages.

§ 341.49 Remaining floed damage sit-
uation: Display.

The quantity and nature of remaining
flooding, particularly for large and in-
frequent floods, will have an important
bearing on plan formulation, evacuation
and recommendation as already indicat-
ed §§ 341.44-341.46 of this Part. Bene-

fits resulting from a plan must be net
of residual damages. Therefore, the bene-
fit evaluation and measurement part of
any report shall separately describe and
quantify remaining flooding. In order
that an unacceptably large remaining
loss condition does not remain under
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any glven plan, and in order that plan
Induced losses are not overlooked, 1t is
most important that remaining losses
are carefully and explicitly presented.
The remaining flood situation should be
described by at Irast the following
parameters:

(a) Average annwal equivalent resid-
ual flood losses. Such losses are to be
presented in average annual equivalent
flood lpsses, existing and projected,
brought to present worth, and amortized.

(b) Residual average annual losses for
selected years. Annual losses, on an un-
deferred basis, shall be presented for the
current year, the base year, and by dec-
ade thereafter. Full account will be
taken of projected hydrologic demo-
graphic and economic changes. Average
future hydrologic conditions shall not be
used.

(¢} Standard project flood. Flood
losses with project are an extremely im-
portant factor in plan choice in urban
situations, especially where the possi-
bility of a catastrophic flood remains. A
catastrophe occurs when an urban area
is crippled for a sustained period, where
& substantial infusion of Federal, state or
regional rehabilitation funds (disaster
relief) 1s necessary, or where it could be
expected to be deemed a Federal or state
disaster area. Likewise, a catastrophe oc-
curs when a serious danger to life exists
or extensive property damage results. It
Is possible that a plan may be effective
in reducing average annual flood losses
but ineffective against large (SPF)
floods; e.g., thus levees may be over-
topped and far upstream reservoirs may
not effectively reduce damaging stages
at the downstream damage center. A
plan could actually increase the disaster
potential of an area by inducing un-
wise use of the flood plain unless land
use is regulated with full recognition of
the remaining hazard. Therefore, re-
maining flooding in a SPF flood, with the
plan, must be fully described. With plan,
SPF damages will be presented on an un-
deferred basis for the selected years list-
ed in the prior subparagraph. The num-
ber of structures and acres by land use
type, the disruption of essential services
(water, power, fire protection and sani-
tary services) and the distance to unaf-
fected essential services, the depth of
flooding, and anticipated warning time,
the velocity, duration, typical debris con-
tent and any other pertinent descriptors
of the residual flood situation will be pre-
sented. Similarly, damages and descrip-
tors under without plan conditions will
be presented for comparative purposes.
The presentations of SPF losses will
clearly distinguish between losses to plan
induced or intensified development,
losses to development which would locate
in the flood plain with and without the
plan, and increased losses to development
off the flood plain.

Subpart E—Validation of Benefit
Evaluation
§ 341.50 Methods for adding validity to
benefit evaluation.
The following Is a brief discussion of
several methods by which the planner
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can improve the credibility of the
results of a proposed plan. The sug-
gested techniques are not all-inclusive,
and many may not be applicable in the
majority of analyses. The inclusion of
such tests may be required under cer-
tain conditions and will be expected
whenever there is any significant ques-
tion regarding the validity of the under-
lying analysis.

(a) Sensitivity analysis. Sensitivity
analysis Is a necessary feature of any
good, multivariable analysis. The plan-
ner cannot be satisfied with the defini-
tion of a plan for resource (e.g., land,
water, recreation, etc.) allocation that
is optimal for a specific set of -conditions
if the plan 1s particularly sensitive to
changes in the model. Water and land
resource allocation models require the
planner to predict both the rate of
changes in the assumed values of the
model parameters and the range of con-
ditlons over which any particular plan
is recommendable; these data are ob-
tained by sensitivity analysis. In cases
where a solution is found to be particu-
larly sensitive to a given variable or pa-
rameter, such information must be made
explicit in the plan formulation and
evaluation report.

(b) Utilization of sampling techniques
and statistical testing. This method can
be applled whenever practical, statisti-
cally sound sampling techniques can be
utilized in the collection of data on fiood
plains and thelr affected areas. Sampling
Is not only an excellent means of reduc-
ing the cost of the study effort, but can
often result in data which are statis-
tically superior to a total survey ap-
proach in terms of accuracy and consist-
ency. In addition, the planner is in a po-
sition to predetermine a sample size
which will produce resuilts of a compara-
ble accuracy (and cost) with the remain-
ing study elements. This is possible by
choosing a sample size whose level of con-
fidence (probability) is no greater nor
less than that of the study as a whole.
Except when a true sample is utilized,
statistical measures of probability can-
not be accurately quantified. Likewise,
knowledge of data characteristics such
as distribution and mean variation can
assist the planner substantially in the
design of sensitivity tests, optimal solu-
tions and overall estimates of study re-
sult probability for further plan formu-
lation and evaluation.

(¢) Quantifying variable relationships.
Whenever a cause and effect relationship
is assumed to exist between a study (de-
pendent) variable and one or more in-
dependent variables, a coefficient of cor-
relation and determination must be cited
prior to its introduction into plan formu-
lation and evaluation. Whenever this
same relationship is projected into the
future, the source of the projected, in-
dependent variable must be cited and the
final regression coefficients conspicuous-
ly displayed in the final report. In addi-
tion, an indication of how well the re-
gression equation described the assumed
relationship must also be stated; e.g., a
measure of the dispersion of the actual
values of Y about the regression line,
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similar to the variance or the standard
deviation for the mean average of the
previously discussed sample. There are
numerous standard analytical computer
routines which the planner can utilize
for this task, including those available
within the Corps System of Information
Retrieval and Analysis for Planners
(SIRAP) program.
§ 341.51 Assumptions and hypotheses.
A summary of study assumptions and
hypotheses to be utilized in a study effort
should precede the presentation of the
analysis. An indication of the sensitivity
of study results (direct or indirect) to
changes in each study assumption, hy-
pothesis or variable should be noted at
the time of its introduction into the ana~
1ytical process; (e.g., & hypothetical ex-
ample might read, “the study assumed a
- fertility rate of 2.7 percent by the year
2000. Alternative assumptions of 3.1 per-
cent and 2.45 percent were also tested and
resulted in less than 5 percent change in
aggregate water supply requirements and
a 3 percent change in total benefits, with
no change in project design implied.”).
It should be noted that many assump-
tions possess a certaln consistency. These
interdependencies should be tested as a
unit, for if one is accepted the others are
presumed; (e.g., the production of ferti-
lizer for domestic use presumes a given
level of crop production).
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§ 341.52 Probabilitics of accurrence.

Although often difficuit to quantify,
some indication of probability should be
associated with each variable, hypothesis
and assumption found to be significant to
the study results. Whercos study results
may be highly sensitive to a given as-
sumption, if the planner has a high level
of confidence (high probability) in its
occurrence, its use in plan formulation
and gvaluation would be justified. If high
sensitivity is combined with a low level
of confidence, the planner should at-
tempt to avoid its use in the analysis or
at least conspicuously display a range
of values or options assoclated with
alternative levels of probability from
which he chose. In extreme cases where
the probability of occurrence or validity
may be critical (analytically or politi-
cally), the methods by which these proba-
bilities were derived should be well docu-
mented. This would include, when ap-
plicable, a routine use of the null
hypothesis, specific tests of significance
(t-test, standard deviation, variation)
measures of skewness, tests of variability
of data values within an array (Chi-
square and regression), and various ap-
proaches to hypothesis testing and esti-
mation.

§ 341.53 Some specific checks.

In addition to the recommended plan’s
Benefit-Cost ratio, which must be cited,

there are several specific checks which

“should also be included in a flood control

report:

(a) Break-even years. There are two
significant break even years. As used
herein, annual charges for multiple-
purpose projects are based on allocated
costs:

(1) The project year in which undis-
counted annual benefits first exceed an-
nual charges.

(2) The project year in which dis-
counted benefits exceed annual charges

assuming no further increases in bene-

fits.

(h) Internal rate of return. The rate
of interest at which benefits equal costs
over the period of analysis (i.e., benefit-

cost ratio equals 1.0).

(¢) Discount rate. For authorized proj-
ects, the effect of using the current Fed-
eral discount rate should be presented.

(d) Value per structure. As previously

discussed, increases in future damages

relate to Increases in the number of
structures as well as increases in the
value of structures and contents. When-
ever increases in damages are based upon
increases in value, a sensitivity analysis
should be accomplished under the alter-
nate assumption; i.e.,, there is no in-
crease in the average value of structure
or contents; that increases in damages
are due solely to increases in the number
of structures and/or shifts from one type
of structure to another.

[FR Doc.74-18284 Flled 8-14-74;8:45 am}
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Public Law 93-234
93rd Congress, H. R, 8449
December 31, 1973

An At

To expand the nationnl flood Insurance program by substantially inerensing
Hmita of covernge and total amount of Insurance authorized to be outstanding
and by requiring known flood-prone communities to participate in the pro-
gram, and for other purpores,

Be it enacted by the Senate and Ilouse of L2epresentatives of the
United States of America in Congress assembled, That this Act may

be cited as the “Flood Disaster Protection Act of 1973". Flood Disaster
Proteotion Act
FINDINGS AND DECLARATION OF PURPOSE of 1973,

Skc. 2. (a) The Congress finds that—

(1) annual losses thronghout the Nation from floods and mud-
slides are increasing at an alarming rate, Jargely as a result of
the accelerating development of, and concentration of population
in, arens of flood and mudslide hazards;

(2) the availability of Federal loans, grants, guaranties,
insurance, and other forms of Anancial assistance are often
- defermining factors in the ntilization of laund and the location
and construetion of public and of privete industrial, commercial,
and rvesidential facilities; )

(3) property acaunired or construeted with grants or other
Fm]m‘n‘ assistance may be exposed to risk of loss through floods,
thus frustrating the purpose for which such assistance was
extended;

(4) Federal instrumentalities insure or otherwise provide
financial protection to banking and credit institutions whose assets
include n substantial munber of mortgage loans and other indebt-
edness secured by property exposed to loss and damage from
floods and mudslides;; 87 STAT, 975

(5) the Nation cannot afford the trngic losses of life caused 87 STAT, 976
annually by flood occurrences, nor the increasing losses of prop-
erty suflered by flood victims, most of whom are still madequately
compensated despite the provision of costly disaster relief bene-
fits: and

(6) it is in the public interest for persons already living in
flood-prone areas to have both an opportunity to purchase flood
insurance and access to more adequate limits of coverage, so that
they will be indemnified for their losses in the event of future
flood disasters.

(b) The purpose of this Act, therefore, is to—

(1) substantially incrense the limits of coverage anthorized
nnder the national flood insurance program

(2) provide for the expeditions identification of, and the dis-
semination of information concerning, flood-prone areas:

(3) require States or loeal communities, as a condition of
future Federal financial assistance, to participate in the food
insurance program and to adopt adequate flood plain ordinances
with effective enforcement provisions consistent with IFederal
standards to reduce or avoid future flood losses; and

{4) vequire the purchase of flood insurance by property owners
who are being assisted by Federal programs or Ly Xedm'ally
supervised, regulated, or insured agencies or institufions in the
acquisition or improvement of land or facilities located or to be
located in identified areas having special flood hazards.

28-325 (285) O

87 STAT, 976
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DEFINTTIONS

St () s used incthis Vet nidess the conteat otherwise requires,

the term—

(1) “community”™ neans a State or n politieal subdivision
thereof which has zoning and building code jurisdiction over a
particular avea having spv(-inl {lood hazavds;

(2) “Federal ageney™ means any department, ageney., corpora-
tion, or other entity or instrimentality of the executive branch
of the Federal Government, and inchides the Federal National
Mortgage Associntion and the Federal Home Loan Mortgage
Corporation;

(3} “linancial assistance™ means any form of loan, grant. gnar-
anty. insurance, payment, rebate, subsidy, disaster assistance loan
or grant, or any other form of direct or indivect Federnl nssistance,
other than general or special revenne shaving or formuln grants
made to States:

87 STAT, 977

84 Stat. 1744,
42 USC 4401
note,

82 Stat, 575,
42 USC 4013,

(1) “Tinaneial assistance for nequisition or construction pur-
poses™ means any form of financial assistance which is intended
i whole or in part for the acquisition, construction, reconst rue-
tion. repair, or improvement of any publicly or privately owned
hilding or mobile home, and for any machinery. equipment,
tixtures, and furnishings contained or to he contained theren. and
shall include the purchase or subsidization of morteages or mort-
myze loans but shall exelude assistance for emergeney work essen-
tial for the protection and preservation of life and property
performed puesnant to the Disaster Relief Aet of 1970 or any
subsequent Aet of Congress which supersedes or modifies thie
Disaster Relief Aet of 1970;

(3) “Federal instrumentality vesponsible for the supervision.
approval, regulation, or insuving of L:mks. savings and %onn 2880~
ciations, or similar institutions™ means the Board of Governors
of the Federal Reserve System, the Federal Deposit Insnrance
Corporation, the Comptroller of the Currency. the Federal Home
Loan Bank Board, tlhe Federal Savings and Loan Insurance
Corporation, and the National Credit Union Administration; and
" (6) “Secretary” means the Seerctary of ITonsing and Urban
Development,

(b) The Sceretary is nuthorized to define or redefine, by rules and

regulations, any seientific or technical term used in this Act, insofar
as such definition is not inconsistent with the purposes of this \rt.

TITLE [—EXPANSION OF NATIONAL FLOOD
INSURANCE PROGRAM

INCREASED LIMITS OF COVERAGE

Sec. 101, () Section 1306(b) (1) () of the National Flood

Insnrance Act of 1968 is amended to read as follows:

*(A) in the ease of residential propertics—

“(i) $35,000 aggregate liability for any single-family
dwelling, and $100,000 for any residential structure contain-
ing more than one dwelling unit,

“(ii) $10.000 aggregate linbility per dwelling wunit for
any contents related to such unit, and

Y(iii) in the States of Alaska and Hawaii, and it the
Virgin Islands and Guan, the limits provided in clause (i) of
this sentence shall be: $50.000 aggregate linbility for any
single-family dwelling, and $150,000 for any residential
structure containing more than one dwelling wnit ;.
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87 STiT. 973

{b) Section 1306(b) (1) (13) of such Act is amended by striking out
“S30,000” and “§5,000" wherever they appear and insecting in lieu
thereof “$100,0007,

(c) Section 1306(b) (1) (C) of such Acl is amended to read as
follows:

“(C) in the case of ehurch properties and any other properties
which may hecome eligible for flood insurance under seetion
1305—

“(i) 100,000 aggregate liability for any single structure,
and

“(i1) $100,000 nggregate liability per unit for any contents
related to such unit; and.” :

REQUIREMENT TO PURCIIANE FLOOD INSURANCE

Sec. 102, (a) After the expiration of sixty days following the date
of ennctment of this Aet, no Federal officer ar ageney shall approve

62 Stat, 575,
42 USC 4013,

8

w

Stat. 775,

€3 Stat, 397,
42 Usc 4012,

any finaneial assistance for acquisition or constinetinn prvposes for’

nse m any area that has been identified by the Secretary as an area
having special flood hazards and in whieh the sale of flood insuranee
has heen made available wnder the National Flood Insirance Aet of
1968, unless the building or mobile home and any personal bropertv
to which such financial assistance relates is, chiring the anticipated
economic or useful life of the projoct, covered by flood insurance in
an anount at least equal to its development or project cost (less esti-
mated land cost) or to the maximum lnit of coverage made avail-
able with respect to the particular type of properiy under the National
Flood Insuvance Aet of 1968, whichever is loss: 70 rided. That if the
financial assistance provided is in the form of 3 loan or an msurnnee
or guaranty of a loan, the amount of flood insurance required need
not exceed the outstanding prineipal balance of the loan and need
not be required beyond the term of the loan.

(b) Each Federal mstrumentality responsible for the supervision,
approval, regulation, or insuring of hanks, savings and loan associa-
tions, or similar institutions shall by regulation direct such institutions
Mot to make, increase, extend, or renew after the expiration of sixty
days following the date of cnactment of this Act any loan seearved by
improved real estate or a mobile home located or t) be located in an
area that has been identified Ly the Secretary as an area having special
flood hazards and in which flood insurines has heen made available
under the National Flood Insurance Act of 165, inless the Lailding
or mobile home and any personal property securing such loan is
covered for the term of the loan by flood insurance i an amonnt at
Jeast equal to the outstanding principal balanes of the loan or to the
maxiinun Tt of coverage made available witl respect to the partie-
ular type of property under the Act, whichever is less.

(c) Notwithstanding the other provisions of this section, fload
insurance shall not be required on any State-owned property that js
covered under an adequate State olicy of self-insurance s:ltisfﬂr-tm-y
to the Sceretary. The Secretary shall publish and periodically vevise
the list of Stutes to which this stibsection applies.

ESTABLISHMENT 0F CHARGEABLE RATES

Skc. 18, Section 1308 of the National Fiood Insurance \ct of
1968 is nmended by striking out subsection (c) and inserting in lien
thereof the following new subseetion :

“(c) Notwithstanding any other provision of this title, the charge-
able rate with vespect to any property, the construction or substantial
improvement of which the Secretary determines has been started after

82 5tat. 572,
42 USC 4201
note,

State-owned
property,
exemption,

82 Stat., 57€.
42 Usn 4015,

87 STAT, 979
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82 Stat, 587,
42 USC 4101,

42 USC 4014,

~

82 Stat, 577,
42 UsSC 4016,

~

Report to con-
gressional oom=-
mittees,

A2 Stat, %81,

© 42 USC 4026,
.

83 Stat, 3963
55 Stat, 775,
42 UsT 4055,

"2 Stat, SH8g
s Stat, 397,
42 UsC 4121,

42 USC 4001,

December 31, 1974, or the effective date of the initial rate map pub-
lished Ly the Secrctary under paragraph (2) of section 1360 for the
area in which sueh property is located, whichever is later, shall not
be less than the applicable estimated risk premium rate for such area
(or subxdivision thereof) under seetion 1307 () (1),

FINANCING

See. 14, Seetion 1309(a) of the National Flood Insuranee et of
1968 is amended by striking out all after the semicolon and inserting
in Tien thereof the following: “except that the total amount of notes
and oblizations which muay be issued by the Seeretary pursuant to
sucle authority (1) without the approval of the President, may not
exceed $500.000,000, and (2) with the approval of the President, tay
not exeeed $1O00,000,000. The Seerctary shall report to the Comniittee
on Banking and Currency of the Howse of Representatives and the
Committee on Banking, Tousing and Urban Atfairs of the Senate
at any time when he requests the approval of the President in accord-
unce with the preceding sentenee.”.

PROGRANM EXIIRATION

See. 100, Section 1319 of the National Flood Insurance Act of 1968
is amended to read as follows:

YPROGRAM EXPIRATION

“Sec 13190 No new contract for flood insurance under this title shall
o
7.

be enteved into after June 30, 197
EMERGENCY IMPEEMENTATION OF DPROGEAM

Sec 106, Sabsection (a) of section 1336 of the National Flood
Tusurance Aet of 1968 is amended by striking the date “December 31,
1973 and inserting in lew thereof “ Decentber 31, 1975,

DEFINITION OF FLOUD

Seec 1070 Seetion 1370(h) of the National Flood Insurance Act of
1968 Is amended by inserting “proxinmtely™ before “eaused™.

EXTENSION OF FLOOD INSURANCE PROGRAM TO COVER 1O
AND UNDERMINING OF SHORELINES

S FPROM EROSION

Nec, 108, (n) Seetion 1302 of the Nationa! Flood Insurance Aet of
193 is wnended by adding at the end thereof the Tollowing new sub-
section :

“(ar) The Congress also finds that (1) the dumage and loss which
my result from the erosion and undermining of shorelines by waves
or currents in Inkes and other hodies of water exceeding anticipated
eyclieal levels is related in eanse and simikar in effeet to that which
results divectly from storms, deluges, overflowing waters, and other
forms of tlooding, and (2) the problews involved in providing protee-
tion against this damage and loss, and the possibilities for making such
protection available through a Federal or federally sponsoved pro-
gram, are similie to those which exist in connection with eflorts to
provide protection against damage and loss cuused hy such other forms
of flooding. It is therefore the further purpose of this title to make
availuble, by means of the methods, provedures, and instrumentalitios
which are atherwise established or available wnder this title for par-
poses of the flood insurance program, profection nganinst damage and

loss resulting froni the erosion and undermining of shorelines hy waves
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87 STAT. 980
or currents in lakes and other bodies of water exceeding anticipated
cyclical levels.”,
(b) Section 1370 of such Act is amended by adding at the end thers- g2 stat, 588
of the following new subsection: 83 Stat, 397l
“(e) The term ‘“lood’ shall ulso include the collapse or subsidence 42 usc 4121,
of land along the shore of a lnke or other body of water ns a result of "Flood.”
erosion or undermining caused by waves or currents of water exceed-
g anticipated cyclical levels, und all of the provisions of this title
shall apply with respect to such collapse or subsidence in the same
manner and to the same extent as with vespect to floods described in
paragraph (1), subject to and in accordance with such regulntions,
modifying the provisions of this title (including the provisions relut-
ing to land management. and use) to the extent necessary to insure
that they can be effectively so applied, as the Secreta ry may prescribe
to achieve (with respect fo such collapse or subsidence) the purposes
of this title and the objectives of the program.”.

ESTIMATES OF PREMIUM RATES ~

. Ske. 109, Section 1307 of the National Flood Insurance Act of 1968 82 Stat. 576,
18 amended by adding at the end thercof the following new sub- 42 USC 4014,
section: °

“(d) Notwithstanding any other provision of Taw, any structure
e\_uz;tu}:!lgl_)‘;tlm i]:}te rt)f 1eml.«-t]n.mnt\o} the ¥lood Disaster Protection
act of Lhd and located within Avoyelles, Evangeline, Rapides, or ,
Saint Landry Parish in the State of Touisiana, which the ?“-e(']l‘l”(l\l';’ AmEey P 975
determines is subject to additional flood hazards s a result of the con-
struction or operation of the Atchafalaya Basin Levee System, shall
be eligible for flood inswrance under this title (if and to the extent it
1s eligible for such insurance under the other provisions of this title)
at prenium rates that shall not exceed these which would be apphicable
if such additional hazards did not exist.”,

AI'PEALS

_ Skc. 110 Chapter IIT of the National Flood Insuranee Act of 1968 82 Stat, 5687,
15 amended by adding at the end thercof the following new seetion : 42 Usc 4101,

“APPEALS

“Ee. 1363, (a) In establishing projected flood elevations for land
use purposes with respect to any community pursuant to section 1361, 42 Usc 4102,
the Seevetary shall first propose such determinations by publication Publication
for comment in the Federa] Register, by direct notification to the chief in Federal
exceutive oflicer of the community, and by publication in a prominent Register,
local newspayper. )

“(b) The Secretary shall publish notification of flood elevation Flood eleva-
determinations in a prominent local newspaper at Jeast twice during tion determic
the ten-day period following notification to the local go\'vrnmcm” natlons,
During the ninety-day period following the second publication uny' publication,
owner or lessee of real property within the community who helieves
his property rights to be adverscly affected by the Seerefary’s proposed
determination may appeal such determination to the loenl govern-
ment. The sole basis for such appeal shall be the possession of knowl-
edge or informution indicating that the elevations being proposed by
the Secretary with respect to an identificd nrea having special flood
hazards ave scientifically or technically incotrect, and the sole relief
which shall be granted under the anthority of this section in the event
that such appeal is sustained in secordance with subsection (¢) or ({)

15 n modification of the Secerctury’s proposed  determination
accordingly.

87 STAT, 981
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Appeals by
private per-
sons,

Review,

Publication
in Federal
Register,

Information,
availability.

80 Stat, 392,
5 Usc 701,

82 Stat, 583,
42 USC 4054,

“(e) Appenls by private persons shall he made to the ehiel exeen-
tive officer of the community, or to sueh ageney as he shall publicly
designate, and shall set forth the dat that tend to wegate or contradict
the Seeretary’s finding in sueh forn as the ehief exeeutive oflicer may
specify. The community shall review and consolidate all sueh appeals
and issue nowritten opinion stating whether the evidence presented is
suflicient to justify an appeal on tvlmlf of such persons by the com-
munity in its own name, Whether or not the community decides to
appeat the Seerctary’s determination, copics of individnual appeals
shall be sent to the Secretary as they are reeeived by the conununity,
andd the community’s ﬂppx'u\) or a copy of its decision not to appeal
shall be filed with the Seeretary not later than ninety days after the-
date of the second newspaper publication of the Neeretary’s
notification,

“(d) In the event the Secretary does not receive an appeal from the
community within the ninety days provided, he shall consolidate and
review on their own merits, in accordance with the procedures set forth
in subsection (€). the appeals filed within the community by private
persens and shall make such modifications of his proposed determina-
tions as miay be appropriate, taking into aceount the written opinion,
if any, issued by tfm community in not supporting such appeals. The
Seeretary's deetsion shall be inowritten form, and copies thereof shall
be sent both to the chief exeentive oflicer of the community and to
cach individual appellant.

*“() Upon appeal by any community, as provided by this section,
the Scerctary s\mll review and take fully into aceount any technieal
or scientific data submitted hy the community that tend to negate or
contradict the information upon which his proposed determination
is based. The Seeretary shall vesolve sueh appead by consultation with
officials of the local government involved, by administrative heaving,
or by submission of the conflicting data to an independent scientific
body or appropriate Federal ageney for advice. Untit the conflict in
data is resolved, and the Seceretary makes a final determination on the
basis of his findings in the Federal Register, and so notifies the pov-
erning body of the community, Hool insurance previously available
within the community shall continue to be available. and no person
shall be denied the right to purchase such insurance at chargeable
rates. The Seerctary shall make his determination within a reason-
able time. The community shall be given a reasonable time after the
Seevetary’s final determination in which to adopt Joeal Tand use and
control measures consistent with the Secretary’s determination. The
reports mel other information used by the Seeretary in making his
final determination shall be made available for public inspection and
shall be admissible in a court of Iaw In the event the conmnnnity seeks
judicial review as provided by this section.

“(fy Any appeliant aggrieved by any final determination of the
Seeretary upon administrative appeal, as provided by tlis section,
may appeal such determination to the Umited States distriet court
for the district within which the comumnity is loeated not more than
sixty days after receipt of notice of such determination. The scope
of review by the court shall he as provided by chapter 7 of title 5,
United State Code. During the pendency of any such Jitigation, all
final determinations of the Secretary shall be effective for the pur-
poses of this title unless stuyed by the court for good canse shown.™,

FLOOD INSURANCE PREMIUM FQUALIZATION PAYMENTR

Skc. 111, Section 1334 of the National Flood Insurance Act of 1968
is amended by striking out subsection (b) and by redesignating sub-
section “(c) " as subsection “ (b) ™.
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TITLE T—DISASTER MITIGATION REQUIREMENTS
NOTIFICAPLON TO FLOOD-PRONE AREAS

See. 201, (a) Not later than six months following the enncluent of
this title, the Seerctary shall publish informmtion in accordance with
subsection 1360(1) of the National Flood Insurance Act of (968, and
shall notily the chief exccutive officer of ench known flood:prone com-
munity not already participating in the national flood insurance pro-
gram of its tentalive identitication as o community conlaining one
or more aveas having special flood hazards.

(b)Y After such notilication, each {entatively identified community
shall either (1) promptly make proper application to participate in
the national flood insurance prograim or (2) within six menths sobinit
technieal data suflicient to establish to the satisfaction of the Seeretury
that the community either is not seriously flood prone or that such flood
hazards s may have existed have been corrected by floodworks or
other flood control inethods. The Scerotary may. in his diseretion,
grant a public iearing to any commumity with respeet to which con-
Hicting data exist as to the nature and extent of a1 flood hazavd, 1f
the Seeretary decides not to hold a hearing. the community shall he
given an opportunity to submit written and documentary” evideneo,
Whether or not such hearing is granted. the Seeretary’s final deter-
mination as to the existence or extent of a flood hazard aren in a par-
ticular community shall be decied conelusive for the phrposes of this
Aet if supported by sabistantial evidenee in the record considernd as
a whole.

(¢) As information hecomes availuble to the Secreta Uy coneerning
the existence of flood Lazards in commuuitios not known to be flood
prone at the time of the initial notification provided for by subsection
(a) of this seetion he shall provide similar notifications to the chief
exceutive officers of suel additional conununitios, which shall then be
subjeet to the requirements of subsection (b} of this seetion,

(d) Formally identified flood-prone commmities that do not qualify
for the national flood insurance prograni within one vear after such
netification or by the date specificd in section 202, whichever is later,
shall thereafter be subiect to the provisions of that section relating to
flood-prone communities which are not participating in the program,

EFFECT OF NONPARTICIPATION IN FLOOD INSURANCE PROGRAM

Ske. 202, (a) No Federal officer o sageney shall approve any finaneial
assistance for acquisition or construction purposes on and after July 1,
19535, for use in any avea that has been identitied by the Seeretary as an
avea having special flood hazards unless the commiunity in which suel
area is sitnated is then participating in the national flood insurance
program.

(b) Each Federal instrunientality responsible for the supervision,
approval, regulation. or insuring of hanks, savings and loan associa-
tions, or similar institutions shall by regulation prohibit such institu-
tions on and after July 1. 1975, from making, increasing. extending,
or renewing any loan secured by improved read estate or 0 mobile home
located or to be located in an arca that has been identified by the
Secretary as an area having special flood hazards, wiless the com-
numity i which sueh area is situated is then participating in the
national flood insuranee program.

NEPEAL OF DISASTER ASSISTANCE PENALTY

82 Stat, 587,
42 UsSC 4101,

Putlic hear-
ing.

Notifisations
to otrer oom-
munity offi-
cers,

Supra.

Skc. 203, Section 1314 of the National Flood Insurance Act of 1948 Repeal,

is repealed.

82 Stat, 579.
42 USC 4021,

87 STAT, 983
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82 Stat, 567,
-42 USC 4101,

Grants, teoh-
nioal assist-
ance, eto.,

authorization,

82 Stat, 572.
42 USC 4001
note,

ACCELERNTED IBENTIFICATION OF FLOOD-RISK ZONES

Skc. 204, (a) Section 1360 of the National Flood Insnvance Aet of
1968 is nmended by inserting the designation “(a)™ after “Sec. 1560.7
and adding at the end thereof the following new subsections:

“(h) The Secretary is directed to aceclerate the identifieation of
risk zones within flood-prone and mudslide-prone arens, as provided
hy subsection (1) (2) of this section, in order to make known the
degreo of hazard within cach such zone at the earliest possible date,
To accomplish this objective, the Seeretary is authorized, without
regard to sections 3648 and 3700 of the Revised Statutes, as amended
(31 US.C820 and 41 U.S.CL5), to make grants, provide technieal

assistance, anel enter into contracts, cooperative agreemaents, or other

transactions, on sitch terms as he may deem appropriate, or consent to
maodifications thereof, and fo make advance or progress pavments in
connection therewith. ]

“(¢) The Seevetary of Defense (throngh the Ay Corps of !'Tngl-
neers), the Seceretary of the Interior (through the United States
Geological Survey). the Secvetary of Agrienlture (throngh the Soil
Conservation Service), the Secrctary of Commerce (through the
National Oceanie and Atmospheric Administration), the head of the
Tennessee Valley Authority, and the heads of all other Federal agencics
engaged in the 1dentification or delineation of flond-risk zones within
the several States shall, in consultation with the Seeretary, give the
highest practicable priovity in the allocation of available manpower
and other available resourees to the ilentification and mapping of
flood hazard areas and flood-risk zones, in order to assist the Secrctary
to meet the deadline established by thissection.™.

AUTHORITY TO 1SK8VE REGULATIONS

See. 205, (1) The Seerctary is authorized to issue such regulations
13 may be necessary to carey out the purpose of this Act.

(1) The head of each Federal agency that administers a program
of finnncial assistance relating to the acquisition, construction, recor-
struction, repair, or improvement of pulﬂicly or privately owned land
or facilitics, and each Federal instrumentality responsible for the
supervision, approval, regulation, or insuring of hanks, savings and
loan associations, or similar institutions, shall. in cooperation with
the Secretary. issnc appropriate rules and regnlations to govern the
earrying out of the ageney’s responsibilities under this Aet,

CONSULTATION WITH LOCAT OFFICIALS

Srkc. 206, In carrying ont his responsibilities under the provisions
of this title and the National Flood Tnsurance Act of 1968 which
relate to notification to and identification of flood-prone areas and the
application of ecriteria for land management and use, including
eriteria derived from data reflecting new developments that may indi-
eate the desirnbility of modifying clevations based on previous flood
studies, the Sceretary shall establish procedures assuring adequate
cousultntion with the appropriate elected officials of general purpose
Jocul governments, including but not limited to those local govein-
ments whose prior cligibility under the program has been suspended.
Such consultation shall include, but not. be limited to, fully informing
local officials at the commencement of any flood clevation study or
investigntion undertaken by any agency on behalf of the Secretary
eoncerning the nature and purpose of the stmlz, the areas involved,
the manner in which the study is to be undertaken, the general prin-
ciples to be applied, and the use to be made of the data obtained. The
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Seeretury shall encourage local officials to disseminate information
concerning such study widely within the community, so that inter-
ested persons will have an opportunity to bring all relevant facts and
technieal data concerning the Ioeal fload hazard to the attention of the
ageney during the course of the study,

TO PERMIT NATIONAL RANKS TO INVEST IN AGRICULTURAL CREDIT
CORPORNTION S

Sec. 207, That parageaph “Seventh™ of seetion 3136 of the Revised
Statutes (12 US.CL24) is amended by adding at the end thereof the
following: “Notwithstanding any other provision in this patagraph,
the association may purchase for its own account shaves of stock iseie]
by a corporation organized solely for the prrpose of making loans to
farmers and ranchers for agrienttural purposes, inelnding the breed-
ing, raising, fattening, or marketing of Tivestock. [However, unless the
association owns at Jeast 80 per centum of the stock of such agrieals
tural eredit corporation the amount invested by the association at any
one time in the stock of such corporation shall not exceed 20 per
centum of the unimpaired capital and surplus of the association.”.

FLEXIBLE INTEREST RATE AUTHORITY FOR MOBILE JHOME LOANS

See, 208, Section 3(a) of the Aet entitled “An Act to amend
chapter 37 of title 38 of the United States Code with respect to the
veterans’ home loan program, to amend the National Housing Act
with respeet to interest rates on insmred mortgages, and for other
purposes”, approved May 7, 1968, as amended (12 U.8.C. 1709-1), is
amended by adding at the end thereof the following new sentence:
“Notwithstanding the provisions of scction 2(b) of the National
Housing \ct regarding the maximum interest rate which may be
established for obligations with respect to which insurance is granted
to financial institutions nnder section 2 of such Act, the Secrotary
of Tousing and Urban Development is also anthorized, wntil the
date specified in the preceding sentence, to set the maximum interest
Jrate for obligations with respect to which insurance is granted under
such section, and whieh represent loans and advances of credit made
for the purpose of financing purchases of mobile homes, at such
level as he finds necessary to meet the loan market.”,

Approved December 31, 1973,

LEGISATIVE HISTORY:

HOUSE REPORT No, 93=359 (Comm, on Banking and Currency).
SENATE REPORT No, 93-583 (Comm. on Banking, Housing and
Urban Affairs), ‘
CONGRESSTIONAL RECOA, Vol, 110 (1973}:
Sept, 5, oonsidered and passed House,
Deo, 1, oonsidered and passed Senate, amended,
Deo, 3, sction vacated; bill restored to calendar.
Des, 18, oonsidered and passed Senate, amended,
Deo. 20, House agreed to Senate amendment with an
amendment; Senate oonourred in House amendment,
WEEKLY COMPILATION OF PRESIDENTIAL DOCUMENTS, Vol, 10, No, 1 {1974):
Dec, 31, 1973, Presidential statement,

82 Stat., 113;
86 Stat, 405,

12 USC 1703,
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HOUSE BILL NO. 1041. BY REPRESENTATIVES Dittemore, Buechner,
llerzberger, Miller, Pettie, Eaker, Eckelberry, Friedman,
Gustafson, Hamlin, Koster, O'Brian, Ross, Sack, Sonnenberg, and
Tempest; also SENATORS Allshouse, Darby, Johnson, Plock, H,
Brown, DeBerard, L. Fowler, Gamsey, Jackson, Klein, McCormick,
Schieffelin, Stockton, and Strickland,

CONCERNING LAND USE, AND PROVIDING FOR  IDENTIFICATION,
DESIGNATION, AND ADMINISTRATION OF AREAS AND ACTIVITIES OF
STATE INTEREST, AND ASSIGNING ADDITIONAL DUTIES TO THE
COLORADO LAND USE COMMISSION AND THE DEPARTMENT OF LOCAL
AFFAIRS, AND MAKING APPROPRIATIONS THEREFOR.

Be it enacted by the General Assembly of the State of Colorado:

SECTION 1. Chapter 106, Colorado Revised Statutes 1963, as
amended, is amended BY TIE ADDITION OF A NLW ARTICLE to read:

ARTICLE 7
Areas and Activities of State Interest
PART 1
GENERAL PROVISIONS
106-7-101. Legislative declaration. (1) In addition to the

legislative declaration contained in section 106-4-1 (1), the
general assembly further finds and declares that:

(a) The protection of the utility, value, and future of all
lands within the state, including the public domain as well as
privately owned land, is a matter of the public interest;

Capital Tetters indicate new miaterial added to existing statutes;
dashes through words indicate deletions from existing statutes and
such material not part of act.
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(b) Adequate information on land use and systematic methods
of definition, classification, and utilization thereof are either
lacking or not readily available to land use decision makers;

(c) It is the intent of the general assembly that land use,
land use planning, and quality of development are matters in
which the state has responsibility for the health, welfare, and
safety of the people of the state and for the protection of the
enviromment of the state.

(2) It is the purpose of this article that:

(a) The general assembly shall describe areas which may be
of state interest and activities which may be of state interest
and establish criteria for the administration of such areas and
activities;

(b) Local governments shall be encouraged to designate areas
and activities of state interest and, after such designation,
shall administer such areas and activities of state interest and
promlgate guidelines for the administration thereof; and

(c) Appropriate state agencies shall assist 1local
governments to identify, designate, and adopt guidelines for
administration of matters of state interest.

106-7-102. General definitions., As used in this article,
unless the context otherwise requires:

(1) '"Development'' means any construction or activity which
changes the basic character or the use of the land on which the
construction or activity occurs.,

(2) "Local government’’ means a municipality or county.

(3) '"Local permit authority" means the governing body of a
local government with which an application for development in an
area of state interest or for conduct of an activity of state
interest must be filed or the designee thereof.

(4) "Matter of state interest' means an area of state
interest or an activity of state interest or both.

(5) 'Mmicipality”! means a home rule or statutory city,
town, or city and county or a territorial charter city.

(6) "Person' means any individual, partnership, corporation,
association, company, or other public or corporate body,
including the federal government, and includes any political
subdivision, agency, instrumentality, or corporation of the
state,

106-7-103. Definitions pertaining to natural hazards. As

PAGE 2-HOUSE BILL NO. 1041
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used in this article, unless the context otherwise requires:

(1) "Aspect' neans the cardinal direction the 1land surface
faces, characterized by north-facing slopes generally having
heavier vegetation cover.

(2) "Avalanche'" means a mass of snow or ice and other
material which may become incorporated therein as such mass moves
rapidly down a mountain slope.

(3) "Corrosive soil" means soil which contains soluble salts
which may produce serious detrimental effects in concrete, metal,
or other substances that are in contact with such soil.

(4) 'Debris-fan floodplain'" means a floodplain which is
located at the mouth of a mountain valley tributary stream as
such stream enters the valley floor.

(5) "Dry wash channel and dry wash floodplain' means a small
watershed with a very high percentage of runoff after torrential
rainfall.

(6) '"Expansive soil and rock" means soil and rock which
contains clay and which expands to a significant degree upon
wetting and shrinks upon drying.

(7) "Floodplain'' means an area adjacent to a stream, which
area is subject to flooding as the result of the occurrence of an
intermediate regional flood and which area thus is so adverse to
past, current, or foreseeable construction or land use as to
constitute a significant hazard to public health and safety or to
property. The term includes but is not limited to:

(a) Mainstream floodplains;

(b) Debris-fan floodplains; and

(cj Dry wash channels and dry wash floodplains.

(8) '"Geologic hazard" means a geologic phenomenon which is
so adverse to past, current, or foreseeable construction or land
use as to constitute a significant hazard to public health and
safety or to property. The term includes but is not limited to:

(a) Avalanches, 1landslides, rock falls, mudflows, and
unstable or potentially unstable slopes;

(b) Seismic effects;
(c) Radioactivity; and

(d) Ground subsidence.
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(9) "Geologic hazard area' means an area which contains or
is directly affected by a geologic hazard.

(19) "Ground subsidence' means a process characterized by
the downward displacement of surface material caused by natural
phenomena such as removal of underground fluids, natural
consolidation, or dissolution of underground minerals or by
man-made phenomena such as underground mining.,

(11) 'Mainstream floodplain'" means an area adjacent to a
perennial stream that is subject to periodic flooding.

(12) '™udflow' means the dowrward movement of mud in a
mountain watershe< because of peculiar characteristics of
extremely high sediment yield and occasional high rumoff.

(13) 'Natural hazard" means a geologic hazard, a wildfire
hazard, or a flood.

(14) "Natural hazard area'" means an area containing or
directly affected by a natural hazard.

(15) '"Radioactivity" means a condition related to various
types of radiation emitted by natural radioactive minerals that
occur in natural deposits of rock, soil, and water.

(16) "Seismic effects'" means direct and indirect effects
caused by an earthquake or an underground nuclear detonation.

(17) '"Siltation' means a process which results in an
excessive rate of removal of soil and rock materials from one
location and rapid deposit thereof in adjacent areas.

(18) ''Slope' means the gradient of the ground surface which
is definable by degree or percent.

(19) '"Unstable or potentially unstable slope' means an area
susceptible to a 1landslide, a mudflow, a rock fall, or
accelerated creep of slope-forming materials.

]

(20) '"Wildfire behavior' means the predictable action of a
wildfire under given conditions of slope, aspect, and weather.

(21) 'Wildfire hazard" means a wildfire phenomenon which is
so adverse to past, current, or foreseeable construction or land
use as to constitute a significant hazard to public health and
safety or to property. The term includes but is not limited to:

(a) Slope and aspect;

(b) Wildfire behavior characteristics; and

(c) Existing vegetation types.
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(22) '"Wildfire hazard area" means an area containing or
directly affected by a wildfire hazard.

106-7-104.  Definitions pertaining to other areas and
activities of state interest. As used in this article, unless
the context otherwise requires:

(1) "Airport" means any mumicipal or county airport or
airport under the jurisdiction of an airport authority.

(2) "Area around a key facility" means an area immediately
and directly affected by a key facility.

(3) "Arterial highway" means any limited-access highway
which is part of the federal-aid interstate system or any
limited-access highway constructed under the supervision of the
state department of highways.

(4) '"Collector highway'" means a major thoroughfare serving
as a corridor or 1link between mmicipalities, unincorporated
population centers or recreation areas, or industrial centers and
constructed under guidelines and standards established by, or
under the supervision of, the state department of highways.
Collector highway does not include a city street or local service
road or a county road designed for local service and constructed
under the supervision of local government.

(5) 'Domestic water and sewage treatment system'" means a
wastewater treatment plant, water treatment plant, or water
supply system, as defined in section 66-38-2 (6), (7), and (8),
C.R.S. 1963, and any system of pipes, structures, and facilities
through which wastewater is collected for treatment.

(6) 'Historical or archaeological resources of statewide
importance' means resources which have been officially included
in the national register of historic places, designated by
statute, or included in an established list of places compiled by
the state historical society.

(7) "Key facilities" means:

(a) Airports;

(b) Major facilities of a public utility;

(c) Interchanges involving arterial highways;

(d) Rapid or mass transit terminals, stations, and fixed
guideways.

(8) '"Major facilities of a public utility" means:

(a) Central office buildings of telephone utilities;
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(b) Transmission lines, power plants, and substations of
electrical utilities; and

(c) Pipelines and storage arcas of utilities providing
natural gas or other petroleum derivatives.

(9) '"™ass transit' means a coordinated system of transit
modes providing transportation for use by the general public.

(10) 'Mineral" means an inanimate constituent of the earth,
in either solid, liquid, or gaseous state which, when extracted
from the earth, is usable in its natural form or is capable of
conversion into usable form as a metal, a metallic compound, a
chemical, an energy- source, a raw material for manufacturing, or
construction material. This definition does not include surface
or ground water subject to appropriation for domestic,
agricultural, or industrial purposes, nor does it include
geothermal resources.

(11) '"Mineral rescurce area' means an area in which
minerals are located in sufficient concentration in veins,
deposits, bodies, beds, seams, fields, pools, or otherwise, as to
be capable of economic recovery. The term includes but is not
limited to any area in which there has been significant mining
activity in the past, there is significant mining activity in the
present, mining development is planned or in progress, or mineral
rights are held by mineral patent or valid mining claim with the
intention of mining.

(12) 'Natural resources of statewide importance' is limited
to shorelands of major publicly-owned reservoirs and significant
wildlife habitats in which the wildlife species, as identified by
the division of wildlife of the department of natural resources,
in a proposed area could be endangered.

(13) ‘'New commmities" means the major revitalization of
existing municipalities or the establishment of urbanized growth
centers in unincorporated areas,

(14) “"Rapid transit'* means the element of a mass transit
system involving a mechanical conveyance on an exclusive lane or
guideway constructed solely for that purpose.

106-7-105. LEffect of article - public utilities. (1) With
regard to public utilities, nothing 1n this article shall be
construed as enhancing or diminishing the power and authority of
municipalities, counties, or the public utilities commission.
Any order, rule, or directive issued by any governmental agency
pursuant to this -article shall not be inconsistent with or in
contravention of any decision, order, or finding of the public
utilities commission with respect to public convenience and
necessity. The public utilities commission and public utilities
shall take into consideration and, when feasible, foster
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compliance with adopted land use master plans of local
governments, regions, and the state.

(2) Nothing in this article shall be construed as enhancing
or diminishing the rights and procedures with respect to the
power of a public utility to acquire property and rights-of-way
by eminent domain to serve public need in the most economical and
expedient manner.

106-7-106. Effect of article - rights of property owners -
water rights. (1) Nothing in this article shall be construed
as:

(a) Inhancing or diminishing the rights of owners of
property as provided by the state constitution or the
constitution of the United States;

(b) Modifying or amending existing laws or court decrees
with respect to the determination and administration of water
rights.

106-7-107. Effect of article - developments in areas of
state interest and activities of state interest meetlng certain
conditions. (1) This article shall not apply to any development
in an area of state interest or any activity of state interest
which meets any one of the following conditions as of the
effective date of this article:

(a) The development or activity is covered by a current
building permit issued by the appropriate local government; or

(b) The development or activity has been approved by the
electorate; or

(c) The development or activity is to be on land:

(I) Which has been conditionally or finally approved by the
appropriate local government for planned unit development or for
a use substantially the same as planned unit development; or

(II) Which has been zoned by the appropriate 1local
government for the use contemplated by such development or
activity; or

(III) With respect to which a development plan has been
conditionally or finally approved by the appropriate governmental
authority.

106-7-108. Effect of article - state agency or commission
responses. (1) Whenever any person desiring to carry out
Jéve§opmcnt -as defined in section 106-7-102 (1) is required to
obtain a jermit, to be issued by any state agency or commission
for the purpose of authorizing or allowing such development,
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pursuant to this or any other statute or regulation promulgated
thereunder, such agency shall establish a reasonable time period,
which shall not exceed sixty days following receipt of such
permit application, within which such agency must respond in
writing to the applicant, granting or denying said pemit or
specifying all reasonable additional information necessary for
the agency or commission to respond. If additional information
is required, said agency or commission shall set a reasonable
time period for response following the receipt of such
information,

(2) Whenever a state agency or commission denies a permit,
the denial must specify:

(a) The regulations, guidelines, and criteria or standards
used in evaluating the application;

(b) The reasons for denial and the regulations, guidelines,
and criteria or standards the application fails to satisfy; and

(c) The action that the applicant would have to take to
satisfy the state agency's or commission's permit requirements.

(3) VWhenever an application for a permit as provided under
this section contains a statement describing the proposed nature,
uses, and activities in conceptual temms for the development
intended to be accomplished and is not accompanied with all
additional information, including, without limitation,
engineering studies, detailed plans and specifications, zoning
approval, or where a hearing is required by the statutes,
regulations, rules, ordinances, or resolutions thereof prior to
the issuance of the requested permit, the agency or commission
shall, within the time provided in this section for response,
indicate its acceptance or denial of the permit on the basis of
the concept expressed in the statement of the proposed uses and
activities contained in the application. Such  conceptual
approval shall be made subject to the applicant filing and
completing all prerequisite detailed additional information in
accordance with the usual filing requirements of the agency or
commission within a reasonable period of time.

(4) All agencies or commissions authorized or required to
issue permits for development shall adopt rules and regulations,
or amend existing rules and regulations, so as to require that
such agency or commission respond in the time and mammer required
in this section.

(5) Nothing in this section shall shorten the time allowed
for responses provided by federal statute dealing with, or having
a bearing on, the subject of any such application for permit,

(6) The provisions of this secction shall not apply to
applications approved, denied, or processed by a unit of local
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government.
PART 2
AREAS AND ACTIVITIES DESCRIBED -
CRITERIA FOR AIMINISTRATION
106-7-201. Areas of state interest - as determined by local
governments. (1) Subject to the procedures set forth in part 4

of this article, a local government may designate certain areas
of state interest from among the following:

(a) Mineral resource areas;
(b) Natural hazard areas;

(c) Areas containing, or having a significant impact upon,
historical, natural, or archaeological resources of statewide
importance; and

(d) Areas around key facilities in which development may
have a material effect upan the facility or the surrounding
commmity.

106-7-202. Criteria for administration of areas of state
interest. (1) (a) Mineral resource areas designated as areas of
state interest shall be protected and administered in such a
manner as to pemmit the extraction and exploration of minerals
therefrom, unless extraction and exploration would cause
significant danger to public health and safety. If the local
government having jurisdiction, after weighing sufficient
technical or other evidence, finds that the economic value of the
minerals present therein is 1less than the value of another
existing or requested use, such other use should be given
preference; however, other uses which would not interfere with
the extraction and exploration of minerals may be permitted in
such areas of state interest,

(b) Areas containing only sand, gravel, quarry aggregate,
or limestone used for construction purposes shall be administered
as provided by article 36 of chapter 92, C.R.S. 1963.

(c) The extraction and exploration of minerals from any
area shall be accomplished in a manner which causes the least
practicable environmental disturbance, and surface areas
disturbed thereby shall be reclaimed in accordance with the
provisions of article 13 or article 32 of chapter 92, C.R.S.
1963, whichever is applicable.

(d) Unless an activity of state interest has been

designated or identified or unless it includes part or all of
another area of state interest, an area of oil and gas or
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geothermal resource development shall not be designated as an
area of state interest unless the state oil and gas conservation
comission identifies such area for designation.

(2) (a) Natural hazard areas shall be administered as
follows:

(I) Floodplains shall be administered so as to minimize
significant hazards to public health and safety or to property.
The Colorado water conservation board shall promulgate a model
floodplain regulation no later than September 30, 1974, Open
space activities such as agriculture, recreation, and mineral
extraction shall bhe encouraged in the floodplains. Ay
combination of these activities shall be conducted in a mutually
compatible manner. Building of structures in the floodplain
shall be designed in terms of the availability of flood
protection devices, proposed intensity of use, effects on the
acceleration of floodwaters, potential significant hazards to
public health and safety or to property, and other impact of such
development on downstream commmities such as the creation of
obstructions during floods. Activities shall be discouraged
which, in time of flooding, would create significant hazards to
public health and safety or to property. Shallow wells, solid
waste disposal sites, and septic tanks and sewage disposal
systems shall be protected from inundation by floodwaters.
Unless an activity of state interest is to be conducted therein,
an area of corrosive soil, expansive soil and rock, or siltation
shall not be designated as an area of state interest unless the
Colorado soil conservation board, through the 1local soil
conservation district, identifies such area for designation.

(II) Wwildfire hazard areas in which residential activity is
to take place shall be administered so as to minimize significant
hazards to public health and safety or to property. The Colorado
state forest service shall promulgate a model wildfire hazard
area control regulation no later than September 30, 1974, If
development is to take place, roads shall be adequate for service
by fire trucks and other safety equipment. Firebreaks and other
means of reducing conditions conducive to fire shall be required
for wildfire hazard areas in which development is authorized.

(III) In geologic hazard areas all developments shall be
engineered and administered in a mamner that will minimize
significant hazards to public health and safety or to property
due to a geologic hazard. The Colorado geological survey shall
promulgate a model geologic hazard area control regulation no
later than September 30, 1974.

(b) After promulgation of guidelines for 1land use in
natural hazard areas by the Colorado water conservation board,
the Colorado soil conservation board through the so0il
conservation districts, the Colorado state forest service, and
the Colorado geological survey, natural hazard areas shall be
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administered by local government in a manner which is consistent
with the guidelines for land use in each of the natural hazard

areas,

(3) Areas containing, or having a significant impact upon,
historical, natural, or archaeological resources of statewide
importance, as determined by the state historical society, the
department of natural resources, and the appropriate local
government, shall be administered by the appropriate state agency
in conjunction with the appropriate local government in a manner
that will allow man to function in harmony with, rather than be
destructive to, these resources. Consideration is to be given to
the protection of those areas essential for wildlife habitat.
Development in areas containing historical, archaeological, or
natural resources shall be conducted in a manner which will
minimize damage to those resources for future use.

(4) The following criteria shall be applicable to areas
around key facilities:

(a) If the operation of a key facility may cause a danger
to public health and safety or to property, as determmined by
local government, the area around the key facility shall be
designated and administered so as to minimize such danger; and

(b) Areas around key facilities shall be developed in a
manner that will discourage traffic congestion, incompatible
uses, and expansion of the demand for government services beyond
the reasonable capacity of the commmity or region to provide
such services as determined by local government. Compatibility
with nonmotorized traffic shall be encouraged. A development
that imposes burdens or deprivation on the communities of a
region cannot be justified on the basis of local benefit alone.

(5) In addition to the criteria described in subsection (4)
of this section, the following criteria shall be applicable to
areas around particular key facilities:

(a) Areas around airports shall be administered so as to:

(I) Encourage land use pattems for housing and other local
government needs that will separate uncontrollable noise sources
from residential and other noise-sensitive areas; and

(IT) Avoid danger to public safety and health or to
property due to aircraft crashes.

(b) Areas around major facilities of a public utility shall
be administered so as to:

(I)  Minimize disruption of the service provided by the
public utility; and
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(IT) Preserve desirable existing commmity patterns.

(c) Areas around interchanges involving arterial highways
shall be administered so as to:

(I) Encourage the smooth flow of motorized and nonmotorized
traffic;

(II) Foster the development of such areas in a manner
calculated to preserve the smooth flow of such traffic; and

(III) Preserve desirable existing commmity patterns.

(d) Areas arc:md rapid or mass transit temminals, stations,
or guideways shall be developed in confommance with the
applicable mmicipal master plan adopted pursuant to section
139-59-6, C.R.S. 1963, or any applicable master plan adopted
pursuant to section 106-2-7. If no such master plan has been
adopted, such areas shall be developed in a manner designed to
minimize congestion in the streets; to secure safety from fire,
flood waters, and other dangers; to promote health and general
welfare; to provide adequate 1light and air; to prevent the
overcrowding of land; to avoid undue concentration of population;
to facilitate the adequate provision of transportation, water,
sewerage, schools, parks, and other public requirements. Such
development in such areas shall be made with reasonable
consideration, among other things, as to the character of the
area and its peculiar suitability for particular uses, and with a
view to conserving the value of buildings and encouraging the
most appropriate use of land throughout the jurisdiction of the
applicable local government.

106-7-203. Activities of state interest as determined by
local governments. (1) Subject to the procedures set forth in
part 4 of this article, a local government may designate certain
activities of state interest from among the following:

(a) Site selection and construction of major new domestic
water and sewage treatment systems and major extension of
existing domestic water and sewage treatment systems;

(b)  Site selection and development of solid waste disposal
sites;

(c) Site selection of airports;

(d) Site selection of rapid or mass transit terminals,
stations, and fixed guideways;

(e) Site selection of arterial higlways and interchanges
and collector highways;

(f) Site selection and construction of major facilities of
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a public utility;
(g) Site selection and development of new commmities;

(h) Efficient utilization of municipal and industrial water
projects; and

(i) Conduct of nuclear detonations.

106-7-204. Criteria for administration of activities of
state interest. (I) (a) New domestic water and sewage treatment’
Systems shall be constructed in areas which will result in the
proper utilization of existing treatment plants and the orderly
development of domestic water and sewage treatment systems of
adjacent commmities.

(b) Major extensions of domestic water and sewage treatment
systems shall be pemmitted in those areas in which the
anticipated growth and development that may occur as a result of
such extension can be accommodated within the financial and
environmental capacity of the area to sustain such growth and
development.

(2) Major solid waste disposal sites shall be developed in
accordance with sound conservation practices and shall emphasize,
where feasible, the recycling of waste materials. Consideration
shall be given to longevity and subsequent use of waste disposal
sites, soil and wind conditions, the potential problems of
pollution inherent in the proposed site, and the impact on
adjacent property owners, compared with alternate locations.

(3) Airports shall be located or expanded in a manner which
will minimize disruption to the environment of existing
communities, will minimize the impact on existing community
services, and will complement the economic and transportation
needs of the state and the area.

(4) (a) Rapid or mass transit terminals, stations, or
guideways shall be located in conformance with the applicable
rmmicipal master plan adopted pursuant to section 139-59-6,
C.R.S. 1963, or any applicable master plan adopted pursuant to
section 106-2-7. If no such master plan has been adopted, such
areas shall be developed in a manner designed to minimize
congestion in the streets; to secure safety from fire, flood
waters, and other dangers; to promote health and general welfare;
to provide adequate light and air; to prevent the overcrowding of
land; to avoid undue concentration of population; to facilitate
the adequate provision of transportation, water, sewerage,
schools, parks, and other public requirements. Activities shall
be conducted with reasonable consideration, among other things,
as to the character of the area and its peculiar suitability for
particular uses, and with a view to conserving the value of
buildings and encouraging the most appropriate use of land
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throughout the jurisdiction of the applicable local government,

(b) Proposed locations of rapid or mass transit terminals,
stations, and fixed guideways which will not require the
demolition of residences or businesses shall be given preferred
consideration over competing alternatives.

(¢) A proposed location of a rapid or mass transit
terminal, station, or fixed guideway that imposes a burden or
deprivation on a local government cannot be justified on the
basis of 1local benefit alone, nor shall a permit for such a
location be denied solely because the location places a burden or
deprivation on one local govemment.

(5) Arterial highways and interchanges and collector
highways shall be located so that:

(a) Commmity traffic needs are met;
(b) Desirable community patterns are not disrupted; and

(c) Direct conflicts with adopted 1local government,
regional, and state master plans are avoided.

(6) Where feasible, major facilities of public utilities
shall be located so as to avoid direct conflict with adopted
local govemment, regional, and state master plans.

(7) When applicable, or as may otherwise be provided by
law, a new commmity design shall, at a minimm, provide for
transportation, waste disposal, schools, and other governmental
services in a mamner that will not overload facilities of
existing commmities of the region. Priority shall be given to
the development of total commmities which provide for commercial
and industrial activity, as well as residences, and for internal
transportation and circulation patterns.

(8) Mmicipal and industrial water projects shall emphasize
the most efficient use of water, including, to the extent
permissible under existing law, the recycling and reuse of water.
Urban development, population densities, and site layout and
design of storm water and sanitation systems shall be
accomplished in a manner that will prevent the pollution of
aquifer recharge areas.

(9) Nuclear detonations shall be conducted so as to present
no material danger to public health and safety. Any danger to
property shall not be disproportionate to the benefits to be
derived from a detonation.
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PART 3
LEVELS OF GOVERNMENT INVOLVED AND THEIR FUNCTIONS

106-7-301. Functions of local government. (1) Pursuant to
this article, it is the Iunction of local govemment to:

(a) Designate matters of state interest after public
hearing, taking into consideration:

(I) The intensity of current and foreseeable development
pressures; and

(II) Applicable guidelines for designation issued by the
applicable state agencies;

®) Hold hearings on applications for pemmits for
development in areas of state interest and for activities of
state interest;

(c) Grant or deny applications for permits for development
in areas of state interest and for activities of state interest;

(d) Receive recommendations from state agencies and other
local governments relating to matters of state interest;

(e) Send recommendations to other local governments and the
Colorado land use commission relating to matters of state
interest; and

(f)  Act, upon request of the Colorado land use commission,
with regard to specific matters of state interest.

106-7-302. Functions of other state agencies. (1)
Pursuant to this article, 1t 1s the function of other state
agencies to:

(a) Send recommendations to local governments and the
Colorado land use commission relating to designation of matters
of state interest on the basis of current and developing
information; and

(b) Provide technical assistance to local governments
conceming designation of and guidelines for matters of state
interest.

(2) Primary responsibility for the recommendation and
provision of technical assistance functions described in
subsection (1) of this section is upon:

(a) The Colorado water conservation board, acting in

cooperation with the Colorado soil conservation board, with
regard to floodplains;
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(b) The Colorado state forest service, with regard to
wildfire hazard areas;

(c) The Colorado geological survey, with regard to geologic
hazard areas, geologic reports, and the identification of mineral
Tesource areas;

(d) The Colorado division of mines, with regard to mineral
extraction and the reclamation of land disturbed thereby;

(e) The Colorado soil conservation board and soil
conservation districts, with regard to resource data inventories,
soils, soil suitability, erosion and sedimentation, floodwater
problems, and watershed protection; and

(f) The division of wildlife of the department of natural
resources, with regard to significant wildlife habitats,

(3) Pursuant to section 106-7-202 (1) (d), the oil and gas
conservation commission of the state of Colorado may identify an
area of o0il and gas development for designation by local
government as an area of state interest.

PART 4
DESIGNATION OF MATTERS
OF STATE INTEREST - GUIDELINES FOR ADMINISTRATION
106-7-401. Designation of matters of state interest. (1)
After public hearing, a local government may designate matters of

state interest within its jurisdiction, taking into
consideration:

(a) The intensity of current and foreseeable development
pressures; and

(b) Applicable guidelines for designation issued by the
Colorado 1land use commission after recommendation from other
state agencies, if appropriate. In adopting such guidelines, the
Colorado land use commission shall be guided by the standards set
forth in this article applicable to local governments.

(2) A designation shall:

(a) Specify the boundaries of the proposed area; and

(b) State reasons why the particular area or activity is of
state interest, the dangers that would result from uncontrolled
development of any such area or uncontrolled conduct of such

activity, and the advantages of development of such area or
conduct of such activity in a coordinated manner.
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106-7-402, Guidelines - regulations. (1) The 1local
government shall develop guidelines tfor administration of the
designated matters of state interest. The content of such
guidelines shall be such as to facilitate administration of
matters of state interest consistent with sections 106-7-202 and
106-7-204, ‘

(2) A local government may adopt regulations interpreting
and applying its adopted guidelines in relation to specific
developments in areas of state interest and to specific
activities of state interest.

(3) No provision in this article shall be construed as
prchibiting a local government from adopting guidelines or
regulations containing requirements which are more stringent than
the requirements of the criteria listed in sections 106-7-202 and
106-7-204.

106-7-403. Technical and financial assistance. (1)
Appropriate state agencies shall provide technical assistance to
local governments in order to assist 1local governments in
designating matters of state interest and adopting guidelines for
the administration thereof.

(2) (a) The department of local affairs shall oversee and
coordinate the provision of technical assistance and provide
financial assistance as may be authorized by law.

(b) The department of local affairs shall determine whether
technical or financial assistance or both are to be given to a
local government on the basis of the local government's:

(D Showing that current or reasonably foreseeable
development pressures exist within the 1local government's
jurisdiction; and

(I1) Plan describing the proposed use of technical
assistance and expenditure of financial assistance.

106-7-404, Public hearing - designation of an area or
activity of state interest and adoption of guidelines by order of
local government. (1) The local government shall hold a public
hearing before designating an area or activity of state interest
and adopting guidelines for administration thercof.

(2) (a) Notice, stating the time and place of the hearing
and the place at which materials relating to the matter to be
designated and guidelines may be examined, shall be published
once at least thirty and not more than sixty days before the
public hearing in a newspaper of general circulation in the
countv, The local government shall send written notice to the
Colorado 1land use commission of a public hearing to be held for
the purpose of designation and adoption of guidelines at least
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thirty days and not more than sixty days before such hearing.

(b) Any person may request, in writing, that his name and
address be placed on a mailing list to receive notice of all
hearings held pursuant to this section. If the local government
decides to maintain such a mailing list, it shall mail notices to
each person paying an annual fee reasonably related to the cost
of production, handling, and mailing such notice. In order to
have his name and address retained on said mailing 1list, the
person shall resubmit his name and address and pay such fee
before January 31 of each year.

(3) Within thirty days after completion of the public
hearing, the 1local govermment, by order, may adopt, adopt with
modification, or reject the particular designation and
guidelines; but the local government, in any case, shall have the
duty to designate any matter which has been finally determined to
be a matter of state interest and adopt guidelines for the
administration thereof.

(4) After a matter of state interest is designated pursuant
to this section, no person shall engage in development in such
area and no such activity shall be conducted until the
designation and guidelines for such area or activity are finally
determined pursuant to this article.

(5) Upon adoption by order, all relevant materials relating
to the designation and guidelines shall be forwarded to the
Colorado land use commission for review.

106-7-405. Report of local government's progress. (1) Not
later than one hunargd eighty days after the effective date of
this article, each local govemment shall report to the Colorado
land use commission, on a form to be furnished by the Colorado
land use commission, the progress made toward designation and
adoption of guidelines for administration of matters of state

interest.

(2) Upon the basis of the information contained in such
reports and any information received pursuant to any other
relevant provision of this article, the Colorado 1land use
comnission may take appropriate action pursuant to section
106-4-3(2) (a).

106-7-406. Colorado land use commission review of local
government order containing designation and guidelines. ot
later than thirty days after receipt of a local govermment order
designating a matter of state interest and adopting guidelines
for the administration thereof, the Colorado land use commission
shall review the contents of such order on the basis of the
relevant provisions of part 2 of this article and shall accept
the designation and guidelines or recommend modification thereof.
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(2) 1f the Colorado land use commission decides that
modification of the designation or guidelines is required, the
Colorado land use cormmission shall, within said thirty-day
period, submit to the local government written notification of
its Trecommendations and shall specify in writing the
modifications which the Colorado land use commission deems
necessary for compliance with the relevant provisions of part 2
of this article.

(3) Not later than thirty days after receipt of the
modifications recammended by the Colorado land use commission, a
local government shall:

(a) Modify the original order in a manner consistent with
the recommendations of the Colorado land use commission and
resubmit the order to the Colorado land use commission; or

(b) Notify the Colorado land use commission that the
Colorado land use commission's recommendations are rejected.

106-7-407. Colorado land use commission may initiate
identification, designation, and promulgation of guidelines for
matters of state interest. (1) (a) The Colorado land use
commission may submit a formal request to a local government to
take action with regard to a specific matter which said
commission considers to be of state interest within the local
government's jurisdiction. Such request shall identify the
specific matter and shall set forth the information required in
section 106-7-401 (2) (a) and (2) (b). Not later than thirty
days after receipt of such request, the local government shall
publish notice and hold a hearing within sixty days pursuant to
the provisions of section 106-7-404, and issue its order
thereunder.

(b) After receipt by a local government of a request from
the Colorado land use commission pursuant to paragraph (a) of
this subsection (1), no person shall engage in development in the
area or conduct the activity specifically described in said
request until the local government has held its hearing and
issued its order relating thereto.

(¢) If the local government's order fails to designate such
matter and adopt guidelines therefor, or, after designation,
fails to adopt guidelines therefor pursuant to standards set
forth in this article applicable to 1local governments, the
Colorado land use commission may seek judicial review of such
order or guidelines by a trial de novo in the district court for
tue judicial district in which the local government is located.
buring the pendency of such court proceedings, no person shall
engage in development in the area or conduct the activity
specifically described in said request except on such terms and
conditions as authorized by the court.
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PART 5

PERMITS FOR DEVELOPMENT IN AREAS OF STATE INTEREST AND FOR
CONDUCT OF ACTIVITIES OF STATE INTEREST

106-7-501. Permit for development in area of state interest
or_for conduct of an activity of state interest required. (1)
(a) Any person desiring to engage in development in an area of
state interest or to conduct an activity of state interest shall
file an application for a pemmit with the local government in
which such development or activity is to take place., The
application shall be filed on a form prescribed by the Colorado
land use commission. A reasonable fee determined by the 1local
government sufficient to cover the cost of processing the
application, including the cost of holding the necessary
hearings, shall be paid at the time of filing such application.

(b) The requirement of paragraph (a) of this subsection (1)
that a public wutility obtain a pemmit shall not be deemed to
waive the requirements of article 5 of chapter 115, C.R.S. 1963,
that a public utility obtain a certificate of public convenience
and necessity.

(2) (a) Not later than thirty days after receipt of an
application for a pemmit, the 1local government shall publish
notice of a hearing on said application. Such notice shall be
published once in a newspaper of general circulation in the
county, not less than thirty nor more than sixty days before the
date set for hearing, and shall be given to the Colorado land use
commission. The Colorado land use commission may give notice to
such other persons as it determines not later than fourteen days
before such hearing.

(b) If a person proposes to engage in development in an
area of state interest or for conduct of an activity of state
interest not previously designated and for which guidelines have
not been adopted, the local government may hold one hearing for
determination of designation and guidelines and granting or
denying the permit.

(c) The local government may maintain a mailing 1list and
send notice of hearings relating to permits in a mamner similar
to that described in section 106-7-404 (2) (b).

(3) The local government may approve an application for a
permit to engage in development in an area of state interest if
the proposed development complies with the 1local government's
guidelines and regulations goveming such area. If the proposed
development does not comply with the guidelines and regulations,
the permit shall be denied.

(4) The local govermment may approve an application for a
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permit for conduct of an activity of state interest if the
proposed activity complies with the local govermment's
regulations and guidelines for conduct of such activity. If the
proposed activity does not comply with the guidelines and
regulations, the permit shall be denied.

(5) The local govermment conducting a hearing pursuant to
this section shall:

(a) State, in writing, reasons for its decision, and its
findings and conclusions; and

(b) Preserve a record of such proceedings.

(6) After the effective date of this article, any person
desiring to engage in a development in a designated area of state
interest or to conduct a designated activity of state interest
who does not obtain a permit pursuant to this section may be
enjoined by the Colorado land use commission or the appropriate
local government from engaging in such development or conducting
such activity.

106-7-502. Judicial review. The denial of a permit by a
local govemment agency shall be subject to judicial review in
the district court for the judicial district in which the major
development or activity is to occur.

SECTION 2. Article 3 of chapter 106, Colorado Revised
Statutes 1963, as amended, is amended BY THE ADDITION OF A NEW
SECTION to read:

106-3-9. Statewide program for identification of matters of
state interest as part of Jocal Iand use planning. (1} The
department of Jlocal affairs shall conduct a statewide program
encouraging counties and mumnicipalities to prepare, as a part of
the comprehensive plan provided for in section 106-2-5 and
article 59 of chapter 139, C.R.S. 1963, a complete and detailed
identification and designation of all matters of state interest
within each county by June 30, 1976. The general assembly shall
appropriate funds for this purpose to the department of local
affairs for distribution to participating counties. Lach county
desiring to participate in the identification and designation of
matters of state interest program established by this section
shall be allocated an equal amount by the department of local
affairs from the funds so appropriated, to be expended by each
county separately or through an organized group of counties or
counties and mmicipalities. The department of local affairs, in
cooperation with applicable state agencies, shall establish
reasonable standards relative to the scope, detail, and accuracy
of the program and shall insure that all information 1is
comparable for each county. Lach county shall, after
consultation with the mmicipality, prepare such identification
and designation for territory located within these municipalities
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which request such preparation and 1in any mmicipality which
fails to undertake an identification and designation program,
Each county shall, upon request of the mmicipality, assist the
mmicipality in its identification and ¢ signation program.

(2) The general assembly shall appropriate to the
department of local affairs funds to assist counties and
mumnicipalities participating in the identification and
designation of matters of state interest program, where
additional assistance is deemed by the department of 1local
affairs to be necessary. The department of local affairs shall
also allocate such funds upon request of any county participating
in the identification and designation of matters of state
interest program wmder subsection (1) of this section for
implementation of supplemental planning in that county, or to any
mmicipality, based upon priorities established by the department
of local affairs and on the need and capabilities of each county
and mumicipality.

SECTION 3. 106-4-3 (2) (a), Colorado Revised Statutes 1963
(1971 Supp.), is amended to read:

106-4-3. Duties of the commission - temporary emergency
ower. (2) (a) Whenever 1n the normal course of its duties as
set forth in this article the commission determines that there is

In progress or proposed a land development activity which
constitutes a danger of irreparabie injury, loss, or damage of
serious and major proportions to the public health, welfare, or
safety, the commission shall immediately give written notice to
the board of county commissioners of each county involved of the
pertinent facts and dangers with respect to such activity. If
the said board of county conmissioners does not remedy the
situation within a reasonable time, the commission may request
the governor to review such facts and dangers with respect to
such activity., If the governor grants such request, such review
shall be conducted by the governor at a meeting with the
comnission and the boards of county commissioners of the counties
involved. If, after such review, the govemor shall determine
that such activity does constitute such a danger, the governor
may direct the commission to issue its written cease and desist
order to the person in control of such activity. Such order
shall require that such person immediately discontinue such
activity. If such activity, notwithstanding such order, is
continued, the commission may apply to any district court of this
state in which such activity is located for a temporary
restraining order, preliminary injunction, or pemmanent
injunction, as provided for in the Colorado rules of civil
procedure. Any such action shall be given precedence over all
other matters pending in such district court. The institution of
such action shall confer upon said district court exclusive
jurisdiction to detemmine finally the subject matter thereof.

SECTION 4. Article 4 of chapter 106, Colorado Revised
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Statutes 1963, as amended, is amended BY THE ADDITION OF A NEW
SECTION to read:

106-4-5. Commission staff to assist counties and
runicipalities. The commission, within available appropriations,
shall assign full-time professional staff members to assist
counties and municipalities in the program established under
article 7 of this chapter and to monitor progress in the same.
No later than February 1, 1975, the commission shall issue its
report to the general assembly as to progress being made in such
program and shall include in its report those items required by
section 106-4-4 (4) (b) and (4) (c).

SECTION  S. Appropriation. (D There is hereby
appropriated to the department of 1local affairs, out of any
moneys in the state treasury not otherwise appropriated, the sum
of two million seventy-five thousand dollars ($2,075,000), or so
much thereof as may be necessary, to implement the provisions of
section 106-3-9, C.R.S. 1963, which moneys shall become available
upon passage of this act and remain available until June 30,
1975, to be allocated as follows: Identification and designation
of matters of state interest program - one million five hundred
seventy-five thousand dollars ($1,575,000); supplemental planning
- five hundred thousand dollars ($500,000).

(2) There is hereby appropriated out of any moneys in the
state treasury not otherwise appropriated, to the Colorado land
use commission, for the fiscal year beginning July 1, 1974, the
sum of three hundred thousand dollars ($300,000), or so much
thereof as may be necessary, to provide assistance to cowunties
and mmcipalities pursuant to section 106-4-5, C.R.S. 1963 (10.0
FTE, five of which shall be full-time professional staff pursuant
to said section 106-4-5).

SECTION 6. Safety clause. The general assembly hereby

PAGE 23-1IQUSE BILL NO. 1041



208

finds, determines, and declares that this act is necessary for
the immediate preservation of the public peace, health, and
safety.

John D. Fuhr Ted L. Strickland

SPEAKER OF THE IIQUSE ACTING PRESIDENT

OF REPRESENTATIVES OF THE SENATE

Lorraine F. Lombardi Comtort W. Shaw

CHIEF CLERK OF THE lOQUSE SECRETARY OF

OF REPRESENTATIVES THE SENATE
APPROVED

John D, Vanderhoot
GOVERNOR OF THE STATE OF QOLORADO
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COLORADO WATER CONSERVATION BOARD
102 Columbine Building
1845 Sherman Street
Denver, Colorado 80203

February 26, 1975

MODEL FLOODPLAIN REGULATION

Section 1. Statutory authorization, findings of fact, statement of

purpose and definitions.

1.1 Statutory authorization. This (regulation) (ordinance) for

flood prevention and control is adopted pursuant to the authority
contained in Title 24, Article 65, Colorado Revised Statutés
1973, as amended, and Title 30, Article 28, Colorado Revised
Statutes 1973, (counties), or Title 31, Article 23, Colorado
Revised Statutes 1973, (towns and cities).

1.2 Findings of fact. The (board of county commissioners) (city

council) finds that there are within the (county) (city) of

various floodplains constituting natural

hazards of state and local interest, the occupation of which (has
already resulted in) (is likely to cause) the loss of human life
and the destruction of property, and that the imprudent occupation
of these floodplains will pose a continuing and greater future
danger to life and property, unless proper regulations are adopted
concerning their use and occupation.

1.3 Statement of purpose. It is the purpose of this (regulation)

(ordinance) to promote the public health, safety and general
welfare by provisions designed to:

(1) Permit only such uses within the designated floodplains
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as will not endanger life, health, public safety or property
in times of flood.

(2) Prohibit the placement of fill, materials and structures
which would significantly obstruct flood flows to the poten-
tial damage of others or cause potentially damaging debris

to be carried downstream.

(3) Protect the public from the burden of avoidable finan-
cial expenditures for flood control projects and flood relief
measures.

(4) Prevent avoidable business and commerce interruptions.
(5) Minimize damages to public utilities, streets and
bridges.

(6) Minimize victimization of unwary home and land purchasers.
(7) Minimize the pollution of water by prohibiting the
disposal of garbage and other solid waste materials in flood-
plains.

1.4 Definitions. As used in this (regulation) (ordinance) the

following words or phrases are defined as follows:
(1) ''Designated floodplain' means the area designated as a
floodplain by official action of the (board of county com-
missioners) (city council) with the prior concurrence of
the Colorado Water Conservation Board.
(2) '"Floodplain'" means an area in and adjacent to a stream,
which area is subject to flooding as the result of the
occurrence of an intermediate regional flood and which area

thus is so adverse to past, current, or foreseeable
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construction or land use as to constitute & significant
hazard to public health and safety or to property.

(3) "Floodproofing' means a combination of structural pro-
visions, changes, or adjustments to lands, properties and
structures subject to flooding primarily for the reduction or
elimination of flood damages to lands, properties, structures,
and contents of buildings in a flood hazard area.

(4) '"Floodway zone" is the channel of a stream and those
portions of the adjoining floodplain which are reasonably
required to carry and discharge the floodwaters of an inter-
mediate regional flood. 1In the context of this (ordinance)
(regulation), it is the designated floodplain less the low
hazard zone, if any such low hazard zone has been identified.
1f no low hazard zone has been identified, then the terms
"designated floodplain' and '"'floodway zone' shall be con-
sidered as beiné synonymous,

(5) '"Intermediate regional flood" means a type of flood,
including the water surface elevation and territorial
eccupation thereof, which can be expected to occur at any
time in a given area based upon recorded historical precipi-
tation and other valid data, but with an average statistical
one percent chance of being equalled or exceeded during any
one year. The term is used interchangeably with a one per-
cent flood or one hundred year flood.

(6) 'Low hazard zone'" means that area of the floodplain in

which the waters of an intermediate regional flood will not

-3-
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attain a maximum depth greater than one and one-half feet.
(7) 'Stream' means any natural channel or depression through
which water flows either continuously, intermittently or
periodically, including any artificial modification of the
natural channel or depression.

Section 2. Designation of floodplains - subidivisions thereof - iden-

tification.

2.1 Designation. The floodplains of the (county) (city) of

are hereby defined as encompassing

all those land areas of the (county) (city) in and adjacent to a
stream which lies within the area which would be inundated by an
intermediate regional flood as heretofore or hereafter approved
by the Colorado Water Conservation Board, and as heretofore or
hereafter designated by the (board of county commissioners) (city

council) of in the manner prescribed by

(regulation) (ordinance) number .

2.2 Floodplain subdivisions. Where sufficient data are available

to determine the effect thereof on existing or foreseeable land
uses, the designated floodplai:: may‘bé subdivided into a floodway
zone and a low hazard zone as cdefined in subsections 1.4(4) and
(6) of this (ordinance) (regulation).

2.3 Identification. True and official copies of maps of flood-

plains so designated by the (board of county commissioners) (city
council) shall be kept and maintained for public inspection in
the offices of the (county) (city) clerk and the (county) (city)

planning commission. Such maps shall be in sufficient detail and

.
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scale so as to permit ready identification of the flood hazard
area, including the low hazard zone, if any, by ground inspection
or survey. Copies of such maps shall be available for publié
sale at a charge of $ _ per section.

2.4 Interpretation. Where interpretation is needed as to the

exact location of the boundaries of designated floodplains or
subdivisions thereof, the (designated county or city official or
agency) shall make the necessary interpretation. The intermediate
regional flood elevation for the point or points in question shall
be the governing factor in determining the actual boundaries.

2.5 Official zoning map. Any official zoning map or maps of the

(county) (city) shall incorporate the floodplains designated by
the (board of county commissioners) (city council), including the
low hazard zone, if such has been identified.

Section 3. Use of designated floodplains.

3.1 General. No development, use, fill, construction or altera-
tion on or over any portion of a designated floodplain shall be
permitted which alone, or cumulatively with other such activities,
would cause or result in any of the following:
(1) The storage or processing of materials that in times
of flooding are buoyant, flammable, explosive or otherwise
potentially injurious to human, animal or plant life.
(2) The disposal of garbage or other solid waste materials.
(3) The human occupation of structures, either fixed or
mobile, for residential purposes, either permanent or

temporary.
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(4) Substantial solid debris being carried downstream by
floodwaters.

(5) Any obstruction which would adversely affect the
efficiency of or restrict the flow capacity of a designated
floodplain so as to cause foreseeable damage to others,
wherever located.

3.2 Exceptions permitted in low hazard zones. Except as pro-

hibited by subsections 3.1(1l) and (2), the low hazard zone of a
designated floodplain, if any such low hazard zone has been
identified, may be used for any lawful purpose; provided that:
(1) Such use shall not cause an enlargement of the flood-
plain so as to cause damages to or on lands other than those
owned by the user.
(2) Any building or structure, whether fixed or mobile,
designed for human occupancy or the storage of property, and
occupying a space greater than one hundred square feet, shall
be constructed or located so that any external wall shall be
not less than fifteen feet from the stream side of the low
hazard zone.
(3) The lowest floor of any such building or structure shall
be not less than one foot above the maximum water elevation
of the computed intermediate regional flood, unless such
building or structure has been adequately floodproofed to
or over one foot above said maximum water elevation.
(4) 1In the event that the floodwaters in a low hazard zone

can be expected to attain a velocity greater than three feet
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per second, additional floodproofing shall be required
sufficient to withstand such greater velocity.

Non-conforming uses. The provisions of this section shall

not apply to or affect:

Section 4.

4.1

(1) Any fixed building or structure already lawfully in
place or the terms or conditions of any lawful permit already
granted at the time of the enactment of this (regulation)
(ordinance); provided that, in the event of the discon-
tinuance of use or destruction or damage in major part of a
non-conforming building or structure, its reconstruction or
replacement shall be considered a new use and be governed
by the other applicable provisions of this section.

(2) Any device or structure reasonably necessary for the
diversion or storage of water or for flood control or
prevention.

Administration - publication - hearing - appeal.

Permits. It shall be unlawful to develop, fill or occupy;

or to construct, reconstruct or alter any building or structure;

within a designated floodplain without the property owner or his

authorized representative first obtaining a permit from the

(designated county or city official or agency), in accordance

with

the following procedures:

(1) Application for a permit shall be made to and in the
form and containing the information prescribed by the
(designated county or city official or agency), accompanied

by a fee of § plus the estimated publication costs.
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(2) Not later than thirty days after receipt of an applica-
tion for a permit, notice of such application and the time
and place of hearing thereon shall be published once in a
newspaper of general circulation in the (city) (county) of

» which said publication shall be

not less than thirty nor more than sixty days before the
date set for hearing. A copy of such notice shall be for-
warded to the Colorado Land Use Commission not later than
the date of publication. Copies of such notice shall also
be made available for public dissemination in the office of
(county) (city) clerk.

(3) After the conclusion of the public hearing, the (des-
ignated county or city official or agency) shall grant or
deny the permit according to the criteria set forth in
section 3 of this (regulation) (ordinance); provided that
if the (designated county or city official or agency) shall
find that there is not sufficient information concerning
the boundaries and other characteristics of the designated
floodplain upon which a s>und decision can be based, it
shall continue such hearing until sufficient information is
obtained.

(4) The applicant or any person claiming to be affected by
the granting or denial of any such permit may appeal such
granting or denial to the (Board of Adjustment) (other des-
ignated local agency) by filing a notice of appeal with the

(Board of Adjustment) (other designated local agency) within

-8-
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thirty days of the granting or denial of such permit.

(5) The applicant or any person claiming to be affected by
the decision of the (Board of Adjustment) (other designated
local agency) may appeal such decision for trial de novo to
the district in and for the county in which the decision was
rendered by filing a notice of appeal with said district
court within thirty days of the issuance of a final decision
by the (Board of Adjustment) (other designated local agency).

Inspection.

(1) The (county or city official or agency) or its autho-
rized representatives (is) (are) hereby empowered and directed
to inspect and examine the use, occupation or development of
designated floodplains within the (county) (city) of

for the purpose of determining from

time to time whether or not such use, occupation or develop-
ment is in violation of any of the provisions of section 3 of
this (regulation) (ordinance) or of any permit issued or
required pursuant to this section 4.

(2) If a violation shall be found to exist, the (designated
agency) or its authorized representatives shall by written
order direct that such remedial action be taken forthwith

as will result in full compliance with the applicable provi-
sions of this (regulation) (ordinance); provided, however,
that the issuance of such order shall in no way or manner be
deemed a prerequisite to the institution of such enforcement

proceedings as are hereinbelow set forth; and provided further,

-0-
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that compliance with such order shall not necessarily be
deemed to be a defense to any alleged violation of this
(regulation) (ordinance) in any court action instituted
seeking full compliance therewith, but evidence of compliance
with such order may be introduced as pertinent to mitigation
and extenuation.

Violations and remedial actions.

(1) Any person, firm or corporation, whether as principal,
agent, employee or otherwise, who shall use, occupy or develop
any portion of any designated floodplain in violation of any
provision of this (regulation) (ordinance) shall be fined an
amount not to exceed one hundred dollars ($100.00) for each
violation, such fine to inure to the (county) (city) of

. Each day during which such illegal

use, occupation or development continues shall be deemed a
separate offense,

(2) 1If any such use, occupation or development shall occur

in violation of any provision of this (regulation) (ordinance),
or the applicable statutes of the State of Colorado, the

(board of county commissioners) (city council) or any person
who may be injured by such violation, in addition to other
remedies provided by law, may institute injunction, mandamus,
abatement or any other appropriate action or proceeding to
prevent, enjoin, abate or remove such unlawful use, occupation
or development, and the fine hereinabove provided for may be

recovered in that same civil action wherein such injunction,

-10-
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mandamus or abatement is sought, or separate and distinct
pProceedings may be instituted seeking varying forms of
relief, as the law may allow.

Section 5. Interpretation, disclaimer or liability and severability.

5.1 Interpretation.

(1) 1t is not intended by this (regulation) (ordinance) to
repeal, abrogate or impair any existing easements, covenants,
or deed restrictions. However, where this (regulation)
(ordinance) imposes greater restrictions, the provisions of
this (regulation) (ordinance) shall prevail, All other
(regulations) (ordinances) inconsistent with this (regulation)
(ordinance) are hereby repealed to the. extent of the incon-
sistency only.

(2) In their interpretation and application, the provisions
of this (regulation) (ordinance) shall be held to be minimum
requirements and shall not be deemed a limitation or repeal
of any other powers granted by the state constitution or
statutes,

5.2 Disclaimer of liability. The degree of flood protection

required by this (regulation) (ordinance) is considered reasonable
for the protection of life and property and is based on engineering
and scientific methods of study. Larger floods may occur on rare
occasions or the flood height may be increased by man-made or
natural causes, such as ice jams and bridge or culvert openings
being restricted by debris, This (regulation) (ordinance) does

not imply that areas outside the designated floodplains or land

-11-
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uses permitted within such floodplain will be free from flooding

or flood damages. This (regulation) (ordinance) shall not create

liability on the part of the (county) (city) of

or any officer or employee thereof for any flood damages that

result from reliance on this (regulation) (ordinance) or any

administrative decision lawfully made thereunder.

5.3 Severability,

If any section, clause, provision or portion

of this (regulation) (ordinance) is adjudged unconstitutional or

invalid by a court of competent jurisdiction, the remainder of

this (regulation) (ordinance) shall not be affected thereby.

1 F 1 CATE

I certify that the foregoing is a true and correct copy of

a model floodplain regulation adopted by a majority vote of the members
of the Colorado Water Conservation Board in regular session assembled
at Denver, Colorado, on the 26th day of February, 1975.

FLS :mm

P

FELIX L. SPARKS, Secretary

e
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