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ABSTRACT

Techniques for evaluating minor and major Urban Drainage and Fleood 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 literature review revealed
no direct objective techniques for guantifying intangibles. Some methods for establishing the relative rankings
of intangible contributions 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. Informa-
tion 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.

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 logi-
cal 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 paper is the culmination of the resulting two years of activity.

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 result 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 practicing attorney and Colorado State Senator. The rela-
tionship between the research team and the "user," and the make up of the research team has resulted in a pro-
duct that is a well intended marriage between theory, practice, and application.
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Chapter 1
URBAN DRAINAGE AND FLOOD CONTROL PROJECT
SELECTION AND IMPLEMENTATION

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 pro-
blems and next, it is even more difficult to implement
solutions because of legal and financial problems.

This paper has one primary objectave: 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 re-
lated tool areas such as benefit-cost analysis and
environmental impact analysis. The paper 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.

This paper presents procedures for accomplishing this.

Specific supportive topics which are covered in
the paper are: The legal basis for establishing bene-
fits, 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 paper 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 ser-
vices (police, library, utilities, etc.) they can be
provided only to the extent of the public's willing-
ness 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
service 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 in-
vestments 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 expenditures. Evaluation techniques such as
benefit-cost analysis will increasingly 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 minor system which provides for
the drainage of frequent runoff events, and a major
system which accommodates the rarer, more severe
events. From this basic distinction two basic services

are evident for UDFC, a protection from natural hazamds
(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 environmental management.

Environmental management services include manage-
ment of runoff quantify and quality. This paper is
concerned only with management of runoff quantity but
the role of UDFC in quality management must be recog-
nized. An alarm to this effect, coupled with a recom-
mended 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 important. Reference [5]
is a useful recent document on measuring effectiveness
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 effective-
ness, moving into formulation of alternative solutions,
evaluation and tradeoff analyses, and then to the se-
lection or decision stage. A useful framework for
evaluation and implementation 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 progran
evaluation study [3].
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Programming Stage

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

Budgeting Stage

a.

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

How to determine and guantify benefits by
incidence to equitably apportion project
costs between and within public and
private entities. The latter are some-
times called intergroup comparison studies

[3].
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Chapter 2
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
seale. A good reference for economic evaluation of
water resources projects is James and Lee [9]. For the
urban service viewpoint, a good reference is Hirch'
Urban Lconomic Analysis [e¢]. Economic analyvsis of
water projects is a subject which has received wide
attention. Recently, the U. §. Government adepted
uniform procedure in their "Principles and Standards
for Planning” [14]. All of these references are very
useful for the general problem. This paper places its
focus directly on UDFC specifically.

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

Benefit-Cost Analvsis was mandated by the Flood
Control Act of 1936. Since then a number of short-
comings have been identified. An excellent review of
BCA has been published by Prest and Turvev [1Z] while
Howe [7] and James and Lee [9] demonstrate its appli-
cation 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
1. 5. Water Resources Council (WRC) undertook a com-
prehensive study of planning and evaluation procedures.
The evaluation technique thev selected does not display
efficiency Benefit-Cost Ratios but presents informa-
tion in a set of aeccownts. Actually, the use of the
WRC procedure is a form of 204 in that total benefits
and costs are displayed, broken into categories rather
than aggregated together.

&

Distinction Between Minor and Major UDFC Systems

The difference between minor and major UDFC sys-
tems 1s essentially the difference between drainage
and flood contrel, or hetween convenience and damage
prevention systems. The latter distinction becomes
samewhat blurred, however, since minor systems some-
times prevent damage, and vice-versa.

The difference is also apparent from an engineer-
ing formulation of the UDFC problem. Consider the
simple urban catchment shown on Figure II-1. The
depth at the gutter flow line cun be identified as a
parameter to measure the extent of flcoding hazard.
This depth can be entered into a stage-frequency curve
as shown on Figure IL-Z.

The information on Figure I[I-2 can be converted
to o 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 ex-
cevdance probability P Then P 1is simply the arca
to the right of any selected point, such as B on
Figure II-5.

Figure II-3 vividly shows the freguent occurrence
“ minor depths and the rare occurrence of greater

[¥3)

depths. The curve shown is typical of the skewed
distributions to be expected.

Minor flows generaily 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 of benefits of UDFC is presented on
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Figure II-3.

Figure II-4. A key point in the distinction between
benefits of major and minor systems is the frequency
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.
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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 appraoch
does not always insure the most cost effective use of
the public dollar, particularly when social, environ-
mental and distributional effects must be considered.
The alternative is to fix cost and maximize effective-
ness. 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 tradeoffs are
carefully considered.

In the budgeting process, urban drainage and
flood control may receive an annual capital budget B
according to the perceived needs 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 D1 at the

selected effectiveness. Depending on priorities and
the sizes of Dl,Dz, etc., a single project could

Spectrum of Benefits from Urban Drainage and Flood Control Projects

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;
Bl to Dl ¢ 32 to DZ’ etc. according to the fixed

cost, maximum effectiveness approach, a greater oppor-
tunity 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
Teason 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 fedeml
agencies.

The damage reduction benefit should be regarded
as important to the extent that the damage reduction
goal is important, but not more. An important consi-
deration 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 occu-
pants, 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 relation-
ships which are only in an early stage of development.

Table 1I-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 Intan-
gible Benefits

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

Direct damages
Indirect damages
Secondary damages
Intangible damages
Uncertainty damages

[Fa RS- N S

A good classiiication and description of benefit
types is in James and Lee [9], pp. 163-168. Basically,
a Direct Benefit accrues to those who put project out-
puts to direct use whereas Indirect Benefits are ex-
ternal effects. Secondary Benefits denote value added
through economic linkages. Intangible Benefits are
those which cannot be quantified.

Table I1I-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
Reduced Liability to up- Evacuation and emergency program
stream land owners costs
Reduction in traffic delays Administration costs
Reduced income, rental, sales, Insurance subsidy costs
and production losses Increased reconstruction costs
Reduced cleanup and mainten- due to the magnitude and
ance costs extent of flood damage
Reduced emergency relief costs Environmental and social costs
Increased possibilities for
recreation opportunities
Reduced inconvenience
Increased sense of security
Alleviation of health hazards
Improved aesthetic environment

Reduced risk to life

The prevention of potential damage by constructiom
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 asso-
ciated 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 con-
cerned and the extent of any potential payment transfer
will be identified.

Estimation of the total flood damage is a diffi-
cult process because usable data are not available for
estimating flood damage for commercial and industrial
establishments and for estimating damage for all cate-
gories due to the velocity of flow. Appendix B pro-
vides further details on this.

The inventory of benefits presented in Table II-1
includes reduced 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.

Land value enhancement benefits, where applicable,
can be estimated by considering the increased value
that land will have when provided with adequate UDFC
facilities. Also, when a project allows the reclama-
tion 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 ac-
crues to the general public. There is great interest
today in providing this type of benefit to the public.

Indirect benefits consider items such as: Redu-
ction of lost business and services, elimination of
the cost of alleviating hardship, 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 benefits. Data for estimating in-
direct 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]

Residential - 15%
Commercial - 35%
Industrial - 45%
Utilities - 10%

Public facilities - 34%
Agriculture - 10%
Highways - 25%
Railroads - 23%

00 ~1 O U 4 L RS

These benefits are computed as a percentage of direct
benefits. In other words, in a residential area,
direct benefits are increased 15% to account for in-
direct benefits.

Secondary damages may oOCCUT 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 by hindered services may feel ad-
verse affects. Secondary benefits would result if the
secondary damages were reduced by implementation of an
UDFC project. Other secondary benefits include the
generation of work in an area due to construction of
the proposed UDFC project. Secondary benefits are

-
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generally considered to be outside the scope of UDFC
project evaluation because of their complex nature.

With the recent issuance of the Water Resources
Council "Principles and Standards for Water Resources
Planning" intangible costs and benefits have received
greater attention [14]. Among the categories of in-
tangible damages and benefits are environmental
quality, social wellbeing 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 selec-
tion. There are several research projects underway
which intend to present methods of quantifying intan-
gibles but reliable consensus procedures are not anti-
cipated 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 un-
known elasticities of the demand functions introduce
a large uncertainty into their use. There does exist
an abundance of literature on this topic, however. A
recent comprehensive work is by Knetsch [10].

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 ex-
cessive. Some of the rather experimental techniques
or subjective techniques are better left out of small
project evaluation studies. Some recent promising
approaches which might be applicable to large projects,
particularly those with multipurpose components, have
been reported, however. According to this research,
it was concluded that aesthetic and recreational bene-
fits are neither intangible nor insignificant. Further-
more, 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 improve-
ment 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 uneertainty damage, elimination of which would be-
come 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.

Implementation

Implementation is the most crucial 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. To illustrate the importance of implementa-
tion, over half of the recommendations in the well
known APWA drainage study of 1966 were for more work
on implementation and financing [11].

Earlier in this report the point was mace 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 imple-
mentation) 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 over-
view 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 3
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 programs or projects
that "best" meet a given set of objectives. In order
to rank programs by this criteria, indicators are
needed to measure the extent to which programs meet
different objectives. These indicators can, in turn,
be used to indicate the degree of benefit or cost to
the parties affected by the program. The use of indi-
cators leads directly into a need for different types
of measurement scales which must be properly used.

Objectives of UDFC

The operational objectives of UDFC are tradition-
ally considered to be as shown in Table III-1 Some
of these objectives are interdependent, of course, and
there are many other ways in which they can be classi-
fied. 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 benefits and it becomes necessary to determine
who they impact on for assessment studies.

Indicators of UDFC Benefits

The perception of many urban managers and resi-
dents is that the primary benefit from UDFC is the
prevention of flood damage and/or inconvenience. This
explains the emphasis on the traditional return period
for project design, an indicator of risk involved.
This ignores the fact that many important benefits are
not primarily related to return period.

Table III-1. Operational Objectives of UDFC Systems
1. Protection Objectives
a. To minimize property damage from all types of
flooding
b. 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

2. Economic Objectives Other Than Reduction in

Property Damage

a. To enhance neighborhood land values by im-
proving the urban environment

b. To reduce street maintenance costs by preven-
tion of runoff damage

c¢. To reduce liability of property owners and
land developers associated with runoff-
producing land development

3. Amenity Objectives

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

b. To provide recreational opportunities where
possible

¢. To make urban life more convenient by the re-
duction of delays and other inconveniences
associated with drainage problems

The realization of the objectives listed in Table
I1I-1 are usually measured as shown in Table III-2.

Some of these measurement parameters are more
amenable to quantification 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 alternatives has traditionally relied on
damage reduction as a primary benefit, 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 measurement 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 pro-
cedure from the social accounting viewpoint because,
even though monetary transfers accompany a death, they
do not really measure the value to the family of the
deceased of his life, nor do they necessarily have any
relation to the value society would place on the
potential production 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.

Table 1II-2. Measures of UDFC Benefits

Protective

Minimize Property Damage Average Annual Property 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, ete.

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.
Presumably, 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



af this effect as it might result from a single UDFC
praiect .

ihe elimination of traffic hazards would appear
ta be s quantifiabie benefit from the statistical
standpaint,  In the literature of transportation
vimfomive, agpregate reductions in traffic accidents
=110 follow an improvement in roadway conditions or
wther positive safety changes, such as the imposition
wf a %% mile por hour speed limit. Normally, the
data upon which to base such estimates would not be
avaijable but such measurement should be, in theory,
possible,

Othor Economic Benefits: There exists substantial
literature on the economics of land values. Lands
which can produce a greater economic remt is basically
# function of the land value. The parameters that
determine land value have sometimes been taken to be:
accessibility to economic activities, the availability
of utility services, zoning, amenities, and certain
cultural features (see for example, [2,10]). While no
substantial empirical data exists demonstrating in-
creases in land value after construction of UDFC pro-
jects, 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 increase 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 drain-
age. Problems such as undercutting, erosion and .
freezing and thawing can be mitigated by proper drain-
age systems. Since maintenance costs are ultimately
borne by the public from the general tax fund, reduc-
tions 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 drain-
age 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 deve-
lops, increasing the impervious area, there 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 question we
will return later.

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 eval-
uate larger water resources projects and, although
there are many uncertainties in this type of approach,
a firm precedent does exist for quantifying recrea-
tional benefits. An excellent starting point in this
literature 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 bene-
fits to property. Some benefits are experienced
frequently, others only rarely. As an example, pro-
perty 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
classified in terms of incidence as shown in Table
I1I-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 special 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 re-
duction 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:

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

beneficiaries
Unfortunately, all of these benefits cannot
be quantified in consistent dollar terms. The




can, however, be more readily
the general benefits.

special benefits
quantified than

Table III-3. Incidence of UDFC Benefits
Benefit Recipient
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
citizens using the area or
traveling through.

Alleviation of Health Hazard
Reduction of Traffic Hazards
Aesthetic Improvement
Recreational

Convenience

Table III-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

Estimating Special Benefits

The three categories of special benefits shown on
Table III-4 are interrelated. Property damage poten-
tial 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 riparian, meaning those properties adja-
cent to some route of drainage waters; and upper,
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 categories,
by size as shown on Figure III-1. The drainage basin
is a well-defined watershed draining through an urban
area, It is divided into eatchments which are water-
sheds having defined outfall points on major receiving

CATCHMENT BASIN BOUNDARY

a. DRAINAGE BASIN

SUBCATCHMENT
BOUNDARIES

CATCHMENT BOUNDARY

COLLECTOR FOR
DRAINAGE BASIN

b. CATCHMENT

Figure III-1. Subdivision of a Drainage Basin

waters (lakes, rivers, oceans, etc.) within or bounding
the urban area. These are, in turn, divided into sub-
catchments which are smaller watersheds generally of
the subdivision or neighborhood scale. The subcatch-
ment is a small enough unit so that it alone generally
would not require a drainage conduit larger than, say
30 inches. The subcatchment thus will be on the order



of 0-200 acres; and the catehment 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 correspond 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 SquareMiles
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 83

are clearly "upper" whereas those in the 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 Fran-
cisco, Washington, Milwaukee and Houston), 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 con-
vey 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 hydrologi-
cal impact is the paving over of the natural soil
cover, rendering it impervious. This naturally pro-
duces 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
provided, 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 dif-
ferent parties.

The benefits received by property owners are re-
lated 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.
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The most direct way to describe the hydrological
impact of urbanization 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 5l 52""’516'

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 im-
pervious 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 Sub-
catchment § would be entitled to drain its natural

12

flow through reaches CB, BA and AO (and possible
further), but not to discharge additional flows with-
out incurring a liability. The extent of this lia-
bility 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 O0A; 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 development is
allowed to the edge of the virgin flood plain for a
100-year event, the type of development dependent on
local zoning and land use plans. Such a situation is
shown on Figure III-2. Damage-frequency relationships
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 D. for
reach j. In Figure III-3, the difference Jin the
developed and virgin cases is the added average annual
damage, aDj , for reach Rj'

The 1liability for the added damages ﬁDj
reach Rj would be shared by those owners above Rj 5

in any

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 Sf

This increment of added flow can be calculated for Si

from a flow-frequency relation such as shown in Figure
I11-4. The added average annual discharge, ﬂQi , 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 R, can be
spread over the flow contributions by the’ relationship

AD.
UDj z-..-S_J_.._

m
I aQ
i=8
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where UDj = damage in Rj per unit of flow increment;
So = the first subcatchment tributary to Rj and 5m=
the last.

For any subcatchment Sk , the liability incurred

in reach j 1is, therefore,

ij = UDj (aQ,)
where ij = the liability of subcatchment k in
reach j. The total liability for any subcatchment

k thus becomes
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The determination of the function 4Q. 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 UAi the

impervious area of a subcatchment after urbanization
(after U , the urbanization factor or percent imper-
vious and A , the basin area). A surrogate relative
measure for &Qi is therefore UAi and little dif-

No

hydrological estimates are required, however, and the
liability can be directly computed as

ference should result in the calculation of Lk.

Rn AD.
Lk ) UAk jZR Sm
- T ua,
i=s XL
o

It should be noted that the use of e.\UAi as a measure
of 8Q; eliminates any measure of drainage planning.

The use of on-site detention storage, for example,
would be reflected in ﬂQi but not ﬁUAi.

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
benefits among the flood plain occupants. This infor-
mation 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 se-
lected return period storm) under present and future
tributary basin conditions. Such flood plains are
shown in Figure III-5.

To apportion damage reduction for such a case,
three damage frequency curves are necessary. Figure
III-6 shows these as being that for full tributary

L. FULL BASIN DEVELOPMENT |
I |  PRESENT CONDITIONS _| I
A |
FUTURE PR
FLOOD PLAIN FLOOD PLAIN
Figure ILI-5. Present and Full Development Flood

Plains
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Figure III-6. Damage-Frequency Curves for Three

Conditions

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 =
+ Liability

FD = Present Damage

Liability = FD - PRE
Present Damage = PRE

Residual Damage after Measure = MEA

Total Benefits = FD - MEA

Liability Benefits = (FD - MEA) (2= FRE)
Riparian Benefits = (FD - MEA) [%

Increase in Property Value: This 1is 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
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greater amenities. Certainly the value of riparian
property should increase due to the removal of a
flood hazard.

Although this benefit is not
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.

simple to measure
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Chapter 4
EVALUATING MINOR UDFC SYSTEMS

As pointed out in Chapter I1, the benefits from
"minor" UDFC projects are mostly intangible, compared
to "major'" projects, where more flood damage mitigation
might be expected, and where the possibility for multi-
ple 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 consider-
ed a necessary service, to be provided in urban areas
for much the same reasons that sanitary sewerage 1is
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 urgen hu-
man need. By the same token, storm sewers might in
some areas rate a higher priority than, say added com-
munity 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 evalu-
ated 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 evaluation of minor storm drainage, we can
still apply evaluative economics 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
convenience 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 judgments 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:
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Problem identification: Provide adequate drainage

to a specified corporate area.
Solution:

1. Objectives. We can either select the proce-
dure of fixed cost, maximum effectiveness; or fixed
effectiveness, minimum cost. Let's say we are using
the latter. We might then adopt legislated design
standards such as the 2-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 considered, 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 invest-
ment by investing less than $25,000 in this particular
project.

2. Measures. All of the measures of effective-
ness and objectives 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.
3. Alternatives. The formulation of alternative
solutions, as usual, relies on engineering experience
to determine which of the possible solutions are fea-
sible and likely to be promising when subjected to
analysis.

4. Evaluation. At this point, the variable
effectiveness question must be faced. In drainage
master planning, many engineering reports have been
prepared with a single frequency in mind. Consequently,
the plan comes in with only one choice and one price
tag. In considering variable effectiveness, one plan
can be selected, but it must be presented for various
levele of effectiveness. In effect, for each subsys-
tem, 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 con-
taining a populace of 68,000 persons are to be pro-
vided with drainage facilities. A conceptual city map
is as shown in Figure IV-1. As usual, the corporate
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 objectives, 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 combinations of pipes, swales, ponds, gutters,
channels, etc. For each level 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 effectiveness). 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 the master plan is drawn in such a
manner to reflect the range of possibilities (the cost
function)}, then the level of effectiveness selected be-
comes a function of the funds available. Certain con-
straints must be considered, of course, and there isno
doubt a minimem acceptable level of effectiveness.
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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 effective-
ness 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-
ments 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 1is 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.
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Same Procedure

Code: ALTERNATIVE DESCRIPTION

Pipes Only ~

Pipes and Detention Ponds

Pipes, Open Channel and Ponds Mix
All Open Channel

oo R

Example Continued:

Consider that for drainage basins A, B, Cand D a
total sum of x = $3,000,000 is made available. This
political decision, in a simple form, might reflect a
direct decision by a governing council to allocate
this sum to drainage. Rarely are decisions made this
directly, of course. If T 1is 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-Z2. These alter-
natives, 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. Unfortu-
nately, there is no current or likely future practical
method to assign realistic dollar benefits to the kind
of intangible benefits provided for the minor
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Figure IV-3.

convenience storm drainage system. Consider that the
City has decided that the following target storm drain-
age design figures are desirable:

TARGET

BASIN DESIGN (YEARS)
A 5
B 5
c 5
D 25
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Total Basin Cost Functions

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 drainage 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 showm



Table IV-2, Alternative Allocations of StormDrainage Budget

BASIN DESIGN COST PENALTY ALTERNATIVES
1 2 3 4
A 5 L2 0
LEVEL COST |LEVEL COST |LEVEL COST |LEVEL COST
B
2 .98 48,000 BASIN A | 1.5 1.27M | 1 1.13M | 1  1.13M| 2.4 1.46M
C 1 30 24,000 B |15 .90 1 .80 2 .98 1 .80
D 0 0 225000 c|1.5 .34 1 .30 2 .37 1 .30
p |15 .49 |65 .77 | 1.8 .52 1 .44
3.00 297,000
TOTAL 3.00M 3.00M 3.00M 3.00M
Note: LEVEL = Return Period M = Millions of Dollars
Table IV-3. Penalty Function Calculations
ALTERNATIVE
1 2 3 4
BASIN SIZE DENSITY POP  TARGET | DES PEN |DES PEN | DES PEN DES PEN
A 750 50 37500 5 1.5 131250 1 150000 1 150000 | 2.4 97500
B 800 20 16000 5 1.5 56000 1 64000 2 48000 1 64000
c 600 10 6000 5 1.5 21000 1 45000 2 18000 2 24000
D 450 20 9000 25 1.5 211500 |6.5 166500 j1.8 208800 1 216000
2600 68000 419750 404500 424800 401500

This alternative violates the constraint that some
drainage must be supplied to each basin; perhaps an
unacceptable strategy. These methods are simply quan-
titative 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 guesswork.
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The material presented in this chapter has
demonstrated some potential simple techniques for
evaluating minor system plans to select a 'best' plan.
The criteria for selection was somewhat subjective
and depended on the arbitaray set "target levels."
These are values set by the decision making group.
The analysis presented gives the planner a capa
bility to demonstrate the effects of many
investment alternatives.



Chapter 5
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 infrequent 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 sspecially 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 pro-
ject contributes toward meeting each objective. Then
2 method is needed to evaluate how these contributions
(called "benefits') impact on different groups of per-
sons concerned with the problem (the incidence analysis).

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 mxmﬁmﬁn
CONTROL IMPACT DEVELOPME
ALTERNAS 10 max 10
TIVE PROJECT (max 10) ( )
A $23,000 $ 6,000 4 6
B 18,000 12,000 6 8
o 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 non-
commensurate, 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 eight objectives 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 trans-
portation 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.

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 simple 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 similar projects. It can be mis-
used and the results easily distorted.

Ezample of 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
defined 10 years previously and was based on develop-
ment 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 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 existing flood-
ing 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
attributable 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 treat-
ment 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 open -
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. Alternative 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 acres able to be developed
and will cost $1,500,000. No open space or parts are
planned and no trails will be provided. Alternative
No. 2 is a soft-lined channel with drop structures to
control stream velocities. The required ROW will be
110 feet and will not be fenced. The total ROW re-
quired 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. Alternative 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, simi-
lar 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 requirements amount to 44 acres for channel, 15
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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

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 liabil-
ity were identified as the chief benefits, and con-
struction 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, Alternative No. 2 is the
most efficient investment. The dollars and cents
approach does not, however, reveal how each of the pro-
posed alternatives affect community objectives which
cannot be assigned dollar figures.

To examine the performance of the project alter-
natives toward meeting the project objectives, aclear
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
space (RECREATION)

4. Encourage quality neighborhood development
(DEVELOPMENT)

5. Improve visual impact of City (VISUAL)

6. Improve drainage service from convenience
viewpoint (DRAINAGE)

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
OBJECTIVE PRIORITY PRIORITY RATING

1 DAMAGE HIGHEST 10
2 LIABILITY LOW 3
3. RECREATION HIGH 7
4. DEVELOPMENT HIGH 7
5. VISUAL MEDIUM 6
6. DRAINAGE HIGH 7




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

R
Note * ROW = 60' (59 acres) for 6 miles. Four miles of existing flood plain (121
acres) purchased as open space.

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 S0 years for illustration

The most significant groups of persons {publics) Table V-4 provides much of the same information
who are affected by the projects are considered to be as Table V-2. Now we are putting the information in
the following: the format of performance indicators, for use in select-

ing between projects. The performance indicators need
AFFECTED GROUPS to be converted to consistent units for comparison
Tm e purposes. This is accomplished by allowing an arbi-
1. Flood plain Residents (FP Residents) trary total score of 100 points for meeting each
. . : objective 0,. Each Alternative A. will end up with
2. Flood plain Businesses (FP Businesses) ] bj i
5. Owners of Undeveloped Flood Plain Property a? Indicator Score of I, from this procedure, deter-
(FP Undev) mined by
4. Owners of Undeveloped Tributary Property 1. = 2a.G..
(Upstream) 1 1 1)

5. Owners of Businesses and Property Adjacent to where @; is the weighting factor for objective O,
Flood Plain (Adj FP) J

and Gi' is the basic score for Alternative i toward
6. Other Residents of City (Other City) J

meeting Objective j. Since an arbitrary total score

The information in Table V-2 can now be expanded of 100 is to be allocated to any Objective j, then

to identify the indicators of performance for each
alternative project as related to each goal. This is

shown on Table V-4, gsij = 100
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and the maximum possible points to be allocated to all
Gij together are

Max Points = lﬁﬁfaj
j
With this background in mind, it is possible to
develop uniform scores for the different alternatives,
as follows:

1. Damages. In Table V-3, the basic damage re-
duction figures are given. To distribute 100 points
over these we first 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 pro-
cedure 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 pro-
cedure as with the other categories. The points are,

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 recrea-
tional category caused by the flood plain park it
provides.

The sensitivity analysis can be carried out rela-
tively 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. 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 demonstrate the use of the GAM
for this example, we return to the information in
Table V-5. It is necessary now to calculate or esti-
mate the extent to which the different groups will be-
nefit from the projects in terms of each objective.

In the case of Damage, Liability and Drainage, this
distribution damage estimates over the groups. The
Liability is all a benefit to upstream land owners.

respectively: 8, 23, 39, 30; 7, 29, 35, 29; 25, 25, Drainage benefits are shared rather equally among
25, 25. persons working, living or owning property in the flood
Table V-4, Performance Indicators
OBJECTIVE
CATEGORY
DAMAGE LIABILITY RECREATION DEVELOPMENT VISUAL DRAINAGE
INDICATOR
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
TUTALS2 $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.
. . : each objective. For the case at hand, Table V-7
plain. Recreation, Development and Visual benefits

are not so easy to estimate. Estimates of these bene-
fits 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 pre-
pared for the different groups. These factors show
the fractions of benefits received for each group, for
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presents this information.

Using this information, the GAM can be prepared
for the Alternatives and the weighting factors shown
in Table V-5. In 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.



Table V-5. Alternatives-Objectives Matrix
OBJECTIVE DAM LIAB RECR. DEV VIS DRA
Weighting Factors TOTAL
ALTERNA- 39
TIVE 10 3 7 7 5 7
1 28] 280 26' 78| - I - 8' 56 7* 35 25'175 624
2 50| 300 26‘ 78 23|161 23I161 29'145 25|1?5 1020
3 23l 230 26I 78 25!1?5 39[273 35:1?5 25|175 1106
4 19| 190 22| 66 521364 30!210 291145 25I1?5 1150*
]
100 imoo moisoo 100|?00 1aoi7oo 100 isoo 1uoimn 3900
* = Best Score
Table V-6. Alternatives-Objectives Matrix
Changed Priorities
OBJECTIVE DAM LIAB RECR DEV VIS DRA
Weighting Factors TOTAL
ALTERNA- %
TIVE 10 3 4 10 10 7 44
1 28] 280] 26] 78] - | - | 8| so| 7| 70}2s[17s| es3
2 50| 300 26| 78 23| o2 23 230 29"' 200 | 25]175| 1165
3 23i 230 26| 78 25'100 39| 390 35| 350 25|l?5 1323*%
4 19! 190 22| 66 52!208 301 300 29! 290 25!1?5 1229
| -
¥ 1 ] I
lOOllDOO 100|300 lOﬂIdGO 100:1000 100;1000 100|?00 4400
* = Best Score
Table V-7. Distribution Factors for Benefits Table V-8. GAM for Alt. No. 1 (Scores, Distr.
Tables 6,8)
OBJECTIVES
DAM LIAB RECR DEV VIS DRA
BJECT.
DAM  LIAB  RECR  DEV. VIS. DRA. TOTAL SCORES
| Group 280 78 - 56 35 175
FP Res .60 - .22 .12 .22 .34 FP Res 168 - - 7 8 59 242
FP Bus .30 - .22 .30 .18 .33 FP Bus 84 < b 17 6 58 165
FP Undev .04 - .22 .30 .22 .33 FP Undev 11 - - 17 8 58 94
Upstr - 1.00 - - = # Upstr - 78 - E = & 78
Adj. FP - - .22 .28 .22 - Adj. FP - - - 15 8 - 23
Other .06 - .12 - .16 - Other 17 - - - 5 - 22
1.00 1.00 1.00 1.00 1.00 1.00 280 78 - 56 35 175 624

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 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.

To examine 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.
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Table V-9. GAM for Alt. No. 2
B 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 - 3 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
Table V-11. GAM for Alt. No. 4
DAM LIAB RECR DEV VIS DRA
FP Res 114 - 81 25 32 59 31
FF Bus 57 - 81 63 26 58 285
FP Undev 8 - 81 63 32 58 242
Upstr - 66 - - - - 66
Adj. FP - - &1 59 32 < 172
Other 11 - 40 - 23 - 74
150 66 364 210 145 175 1150
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Table V-12_  publics-Alternatives

Matrix

Alt.  Alr. 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*

The analyst is cautioned not to suggest that in so
doing he has accurately quantified the intangibles.

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 6
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 method-
ology is presented for evaluating major UDFC systems
using well-established Benefit-Cost Analysis (BCA)
techniques. The methodology is basically limited to
the consideration of the reduction of flood damage as a
benefit. When other project objectives are to be con-
sidered, 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 government 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. Re-
cently 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 engineer-
ing planning process:

Identification of problem

Statement of objectives

Determination of effectiveness measures
Formulation of alternatives

Evaluation of alternatives

Display of results of evaluation process

Lo RV I S PR S

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. Divided the study area into reaches

2. Examine flood hazard area and classify by
land use

3. Determine conditions under which each flood

plain management alternative will be evaluated
4, Obtain stage-frequency curves for each reach
from hydrologic/hydraulic analysis

5. Determine flood damage categories by land use

6. Eliminate unlikely damage categories

7. Obtain and develop appropriate depth-damage
relationships

8. Array alternatives to be considered and
develop cost and performance data

9. Compute flood damages for the Base Line
Condition

10. Compute the average annual flood damage
potential for each alternative

11. Compute the costs for the alternatives

12, Discount benefits and costs appropriately

13. Display Benefit-Cost Information
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Case Study

The case study presented demonstrates the appli-
cation 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 calculat-
ing the traditional damage-related benefits, and the
project costs for UDFC projects. The conclusion of
the case study is a display of results, complete with
an explanation of the biases introduced. The next step
would be a debate, at the policy level, of the compara-
tive 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 Contreol District by the engi-
neering 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 conducted. To broaden the scope of the
example, certain hypothetical elements 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.

The Little Dry Creek Master Plan involves several

entities as well as the Urban Drainage and Flood Control
District. Thé basin incudes 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 'mimproved open space (grazing)

E. Private improved open space (farming)

F. Single family residential

G. Multi-family residential



Trailer and mobile home parks Step 3 -- Determine the Conditions under which the

H.

I. Commercial (retail) : y N -

I. TIndusteial Flood Plain Management Alternatives will be Evaluated
K. Other It is extremely important that the base line con-
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Act of 1973 (PL 93-234) will be met [6] (see Appendix D).

This constraint on flood plain land development is im-
portant 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 piain

regulation is, or will be, essentially universal; there-

fore, the normal base line 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 prob-
ably throughout most of the U.S. when regulation takes
hold. In fact, in the UDFCD, several pieces of legis-
lation back up the regulation. They are included as
Appendix E and include the Flood Disaster Prevention

Step 4 -- Obtain Stage-Frequency Curves for Each Reach

from Hvdrologic/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 preventive 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 intervals. The
recurrence intervals should be chosen to give a rep-
resentative 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

Act of 1973, Colorado HB 1041 and a recent regulation EiechiiSe Safs Teiisiain RIESEI

promulgated by the Colorado Water Conservation Board. 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 regulations, community
preferences and other factors that will affect the
type of development.

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

1 Delineation of Affected Area

Projection of Anticipated Activities within
the Affected Area

Estimation of Land Use Demand

Determination of Flood Plain Characteristics
Projection of Land Use

[$v]

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 there-
fore discount to present year-by-year development of
both the tributary basin and the flood plain area.

LT B 2]

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

uncertain
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Figure VI-2., Decision Tree for Determining Base Line Conditions,
and Developing and Comparing Drainage Management

Alternatives
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It is not normally practical, however, to make this
assessment for each year of the planning period.

The use of present tributary basin conditions to
estimate future flood hazards is clearly inadequate.
The use of fully developed conditions 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, especially 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.

For the case of Little Dry Creek, the hydrologic/
hydraulic analysis is not presented. It is available
in the basic engineering report, however [5].

Step 5 -- Determine Flood Damage Categories by 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.
culverts and utilities

Wash-outs damaging structures
and necessitating repair or
replacement, including structure
damage or failure due to debris
pile up.

2. Interrupted traffic or services
3. Removal of debris and cleaning

B. Public unimproved open space 1. Erosion
2. Removal of debris and cleaning
C. Public improved open space 1. Damage to facilities

2. Erosion

3. Removal of debris and cleaning
Erosion
Loss of livestock

D. Private unimproved open
space (grazing)

B =

Erosion

Loss of livestock

Damage to farm equipment
Damage to stored goods

E. Private improved open space
(farming)

LR e

F. Single family residential Structural damage

Content damage

Removal of debris and cleaning
Erosion

Missed work

General inconvenience

O B R e

G. Multi-family residential Structural damage

Content damage

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

5. Erosion

6. Missed work

7. General inconvenience

B

H. Trailer and mobile home parks 1. Structural damage

2. Content damage

3. Removal of debris and cleaning

4. Loss of renters, increased
vacancies, or reduced rental
income

4. Erosion

6. Missed work

7. General inconvenience

I. Commercial 1. Structural damage

2. Content damage

3. Inventory loss/damage

4. Removal of debris and cleaning

5. Loss of business income

6. Loss of sales taxes

7. Loss of salaries to employees

8. Special police protection

J. Industrial 1. Structural damage

2. Content damage

3. Inventory loss/damage

4. Hemoval of debris and cleaning
5. Operating loss-days idle

6. Loss of salaries to employees

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 insignifi-
cance 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
A. Industrial - all damage

Elimination Reasons

No industries in study area

B. Public unimproved open
; Space - all damages

Damage insignificant

C. Public improved open
space - all damages

No land in hazard area

D. Private unimproved open Insufficient land in hazard area

space (grazing)
E. Private improved open Insufficient land in hazard area
space (farming)

-

Structural damage insufficient
to allow looting

. Special Police Protection -
Commercial

G. Structural damage to bridges
by trailers and other
floating debris

Field review indicated low proba-
bility of damage

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

T

Interrupted traffic or
services - public streets
and utilities

1. Erosion - all land uses Judged insignificant to warrant
inclusion

[

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

General inconvenience -
all land uses

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 In-
surance Administration (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 resi-
dential and small business structures. Generalized
curves for commercial 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.

Table VI-1
FEDERAL INSURANCE ADMINISTRATION

SEPTEMEER 1970
Depth Damage Curves®
Set A

STRUCTURES~-RESIDERTIAL AND SMALL BUSINESS

Cuxve Na,
o1 03 035 10 13 18 23

Depth in Feet Damage in % of Total Value

-3.0 .0 il .0
-2.0 3. 3. i i
-1.4 .0 -0 -0 .0 6. 5. 5.
First Floor .0(0.1} B.0 4. 3L 8. 10. T 6.
1.0 22. 10. 1l. 50. 24. 14. 16.
2.0 30. l6. 20. 1. 31. 21. 22,
i.0 35. 20. 5. 82. 37. 26. 26.
4.0 kLN 24. 29. 87. 41. 30. 0.
5.0 41, 27. 31. 89. 44. 33. 2.
6.0 a4 . 0. 33. 9l. 46. 35. 35.
7.0 46. 32. 34. al. 48. 38. 6.
8.0 48. 4. 41. 49. 40. 44.
9.0 50. 39. 46. 50. 4. 48.
10.0 4Z. 50. 46. 83,
1l.0 45. 53. a7. 55.
12.0 47 . 55. 48. 57.
13.0 9. 58. 45, SB.
4.0 50. 59. 50, 59.
15.0 60. 60.
Classification Curve No.
One story, no basement ol
Two OF more stories, no basement 03
Split level, no basement os
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-
Frequency Curves, Standard Rate Tables, Federal
Insurance Administration, September, 1970.

Step § -- Array Alternatives to be Considered and

Develop Cost and Performance Data

The formulation of alternative management strate-
gles 1s 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 inteo the analysis.

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

L. 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 improvement will be constructed later.

The performance data will be necessary to determine

the benefits for each alternative at the selected
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levels of investment. In the case of Little Dry Creek,
five basic alternatives are considered:

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 3B

Depth in Feet Damage in % of Total Value

=-3.0 .0 -0 .0 .0
-2.0 8. e Bl. 10.
=1.0 .0 .0 B. 5. .0 Bl. .0 15, .Q
First Floor .0{0.1) - 5. 21. 10, 1. B3. 2. 1B. k. 54
1.0 35. 16, 40. 22. 3. 19. 3l. 0.
2.0 50. 28, 58. 34, 4. 3z, 44, S6.
3.0 60. 3T. 70. 43. 5. 41. 52. 72.
4.0 BB. 43, 76, 48, 6. 47. 58. 79.
5.0 4. 41, 80. 51. 6. 51. 6l. 84.
6.0 78. 49, B82. S2. 6. 53. 63. B7.
7.0 Bl. 50. 83. 53. 6. 55. 64. BB.
8.0 83. 51, 85. S6. 6. 56. 66. 90.
9.0 B85, 55. 59. 1a. 62, 69, 0.
10.0 58. 64, 23. 69, 73.
11.0 65, 71. 47. 75. 6.
12.0 72. Te.  B4. 78. 79.
13.0 78. 78. T4. BO. BO.
is.0 79. T, Bl. &l. BO.
15.0 BO. B0. B3.
6.0 Bl. Bl.
ion Curve No,
A1l on first floor 27
ALl on first two floors 29
All on first floor and basement 46
All on first two floors and 5l
basement
All above first floor 31
All in basement 41
In split level 33
In aplit level with basement 56
Mobile home on foundation kL]

* Taken from Floed Damage Factors - Desth Damage Curves, Elevation=-
Frequency Curves, Standard Rate Tables, Federal

Insurance Administration, September 1970.

1. Do Nothing (Alt. #0)
2. Detention Dams (Alt. #1)
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 re-
maining after the alternative is implemented.

Step 9 -- Compute Flood Damages for the Base Line

Condition
e 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 re-
latively 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.

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 pro-
vides for three Base Line conditions. Each of these
is dependent on the status of the flood plain regula-
tion; 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 re-
quires 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

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 conditionms.

2. Content Data -- Residential 9.

In Colorado personal property is no
longer assessed, and good sources of data on
value of contents of residential units do not
exist locally. The cost of developing con-
tents cost data by survey of individual units
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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 per commercial outlet.

Structural and Content Data -- Mobile Homes

There did not exist adequate public data
on the value of mobile homes and their con-
tents. It was necessary to 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 as-
sumed 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 charac-
teristics of the homes in the flood plain.
This calculation also was designed to cover
lost income from missed work.

Removal of Debris and Cleaning -- Commercial
Land Use

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

Street, Bridge and Utility Damage Data

Estimates of the nature of the loss and
the cost to repair or replace public facili-
ties 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 (apartments and mobile homes)
was determined from actual rental rates. A



vacancy of 1.5 months per unit inundated was
estimated.

10. 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 commercial areas.
To determine the amount of this loss, daily
gross sales per store were developed using
the area-by-area sales tax statistics main-
tained by the City of Englewood. A per day
loss sales figure was estimated for ecach
store inundated. Sales tax was computed and
included.

11 Loss of Employees' Salaries

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

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.

Financial Data

Financial personnel of jurisdictions
financing the drainage improvements (cities,
counties, and drainage districts) should be
contacted to obtain the cost of their bor-
rowed money and the interest at which they
can invest their idle funds. Municipal bond
dealers that finance projects like urban
drainage projects should also be consulted
to see what interest they would require to
finance money for the jurisdictions invelved.
The estimated amount of money to be financed
will affect the selection of the discount
Tate.

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
depths. 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 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 anal-
ysis 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-5.

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 veloci-
ties are significant. Data for estimating this type
of damage are not readily available. It is recommended
that at least the 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 re-
lationships previously presented account somewhat for
the velocity phenomena by predicting 100% damage at
some depths.

G Compute Base Line Average Annual Damages

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

Table VI-3. UDFC Alternatives and Base Line Conditions
Existing Situation No Flood Plain Ineffective Effective Flood*
Regulation in Flood Plain Flain 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- Future Tribu- Future tribu- Future tributary
tion Defined tary basin tary basin basin hydrolegy,
hydrology, hydrology, controlled
uncontrolled semi-control- | development in
development led develop- flood plain
in flood ment in flood
plain plain

* Celorade Conditions

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 established. 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 urban-
ized 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.



Table VI-4

EXAMPLES OF HOW TO COMPUTE PER ACRE FACTORS FOR
ESTIMATING FLOOD DAMAGES IN HOMOGENEQUS 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
Lawns, Open Space 3,520 1.00 3,520 - 1.00 3,520
Vehicles 13,500 .68 5 9,180 A 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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Table VI-5

DAMAGE TABULATION SHEET FOR NON-HOMOGENEQUS 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. . Damage

$30,000 15 5 1 $177,300
$40,000 6 1 $ 74,000
$50,000 1 $ 12,500
Number of i
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

Table VI-6

SUMMARY OF BASE LINE FLOOD DAMAGES FOR A REACH
Stream: Little Dry Creek
A toB
100 years

Developed tributary basin, controlled future
development in flood plain.

Reach:
Frequency:
Conditions:

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

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

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 considera-
tion. 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 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



Damage probability curve for
condition. Average annual flood
damage potential equais 2,130,000
dollars per year.

Damage probabllity curve for Alternative I.
Average onnual flood damage potential
squals 34,375 dollars per year.

Arsa bstwesn curves is equal to the
average annual benefit of 2,115,825
dollars per year.
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Figure VI-5. Flood Damage Versus Probability of

Exceedance Curves for Little Dry Creek

Table VI-8, prepared for Alternative 1.

Step 12 -- Discount Benefits and Costs Appropriately

Selection of an appropriate discount rate is im-

may change the recommended alternative [2]. Selection
should reflect at least the cost of borrowed capital
for the entities involved. In this example, the re-
commended value of the Water Resources Council of

5 7/8% per year for fiscal year 1975 was used. Appen-
dix C provides additional information on the selectiom.

The selection of time horizon or planning period
should be based upon the physical life of the improve-
ments 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 replacement 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 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 engineer-
ing 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

portant. The discount rate will bias the analysis and
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. 43 - Conduits $ 11,050 $2,138,950 16.04106 $34,311,025
Alt. #4 - Dams With $ 15,275 $2,134,725 16.041086 $34,243,252
Channelization
* Flood Damages reduced from the Base Line condition.
mo
*% P, W. Factor = (1+ 1) L , where i = 5 7/8% and n = 50 years

(i) (L + 1
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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 rérun 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.

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 a5 7/8%
Site Acquisition $ 530,000 0 0 .94451* $ 500,590
Construction $3,500,000 0 0 .04451* $3,305,785
Engineering $ 875,000 0 0 .94451% § B26,446
Fiscal and 3 2,000 $2,000 $2,000 16.04106%** $ 32,082

Administrative y
Maintenance and 0 $2,000 $2,000 (.94451)* (15.98347)%* $ 30,193
Operation

Other $ 1,500 $1,500 $1,500 16.04106%** H 24,062

Present Worth Total
g5 7/8%

1

$4,719,158

1.

2.

3.

i PW Factor for fixed future cost = W
i = discount rate = .05875 &

, where n = number of years and

.|
#* PW Factor for equal annual costs = {%1133%751. where n and i are defined above.

Table VI-9
DISPLAY OF NET BENEFITS

Present Worth Present Worth

Net Benefit

of Costs of Benefits (Benefits-
Alternatives®* @5 7/8% @ 5 7/8% Costs)
Do Nothing = Base Line $ 2,150,000%** § 0 -$ 2,150,000
Condition
Alt. #1 - Detention 5 4,719,158 $33,936,868 +529,217,710%*
Dams
Alt. #2 - Channelize $ 9,764,850 $34,132,970 +$24,368,120
Alt. #3 - Conduits 518,216,000 $34,311,025 +%16,095,025
Alt. #4 - Dams With $ 6,305,100 $34,243,252 +527,938,152

Channelization

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

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

*** pBase Line condition flood damages.

Federal Insurance Administration, Flood Hazard 4.
Factors, Depth Damage Curves, Elevation-
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Chapter 7
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 18 water based development, the intan-
gibles to be considered 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 development 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 con-
sidered [2]. Those falling into the categories of
"social well-being" and "environmental quality" are
generally considered to be intangible. These include
the following:

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

b. Archeological historical, biological
and geological resources and selected
ecological systems;

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

d. Irreversible commitments of resources

to future uses.

2 Social Well-Being
& 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 state-
ment of benefits and costs from these categories, des-
criptively 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 includ-
ing 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-
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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 evalua-
ting these intangibles.

A number
been produced
environmental

of recent state-of-the-art reports have
concerning the evaluation of social and
intangibles. A recent OWRR report [3]
evaluated the social dimensions of water resources
planning. In this report, the researchers present 42
social factors that were identified as being signifi-
cant 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
reporduced 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 Protec-
tion Agency [4] reviewed current methodologies for
evaluating aesthetics and envirommental 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 plan-
ning 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, 1s a body of tech-
niques 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 pro-
posed planning activities. In this report, a number of
the best known methodologies are reviewed. This
includes the enviromnmental quality rating system, pre-
pared by the Bureau of Outdoor Recreation, the Environ-
mental 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 Sgrveg, and a number
of others. Most of these methodologies have great poten-
tial when used properly. They all attempt to measure
the very complex interactions between the human and the
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 quantification must meet
the following criteria:

i Be based on the theoretical framework

2. Be generated from public experience and not

the developers biases.



Table VII-1.

VALUE

12.05*
11.91
11.29
10.90
10.24
10.14
10.10
10.07
9.81
9.52
9.50
9,27
9.20
§.92
8.78
8.53
8§.36
8.15
7.85
7.67
7.58
7.25
6.99
6.76
6.61
6.58
6.57
6.54
6.52
6.20
5.98
5.89
5.52
5.35
5.17
4.84
4.45
4.17
4.07
3.65
3.54
2.46

1--
27
28

9
13
26
40

2
34
3
11
36
38
18
10

5
22
12
41

]
3l
14

25
39
19

3
30
33
29

7

8
32

Be adaptable to diverse planning methodologies

(i.e., have usable outputs and be budget-
realistic)

Be functional for both regional and site
analysis

Be predictive of change

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

Be adaptive to consider the situational
state of the area user

Be capable of identifying unique aesthetic
opportunities

Be built to eliminate response bias and deal
with uncertainty judgments

Rated Value of Each of 42 Social Factors

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

Mo 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 demsity 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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10.  Be designed utilizing cardinal scaling

11. Be reliable and valid.

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

Another interesting approach to the quantificatior
of these intangibles was presented by Battelle Labora-
tories, for the Atomic Energy Commission [8]. This
document, which was basically prepared to present a
methedology 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 identified three major weaknesses in
the methodology for evaluating alternatives. These
were: 1) lack of quantification of most effects, 2)
lack of measure of community social values, 3) lack of
methods for integrating social values with techno-
economic ones. This report should be of significant
interest to landscape planners and members of the
interdisciplinary teams most interested in the visual
impact of their designs. It is felt that the methodo-
logy 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 quan-
tification 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.



ENVIRONMENTAL IMPACTS

i

Eeology (240)

Environmental
Pollution (402)

Aesthetics (153)

— Human Interest (205)

|Species and Populations (140)
TERRESTRIAL

Browsers and Grazers;
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Pest Species; Upland Game

| Birds

AQUATIC
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Water Pollution (3i8)
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Land (32)
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Air |B)
Odor and Visual; Sounds

Educational/Scientific
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Archeological; Ecological;
Geological: Hydrological
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Architecture and Styles;
| Events; Persons: Religions
and Cultures; “Western

Air Pollution (52)

Habitats / Communities (100)

TERRESTRIAL |_| Carbons; Nitrogen Oxides;

Food Web Index; Land Use; Particulate Matter; Photo-

Rare and Endangered Chemical Oxidants; Sulfur
Species; Species Diversity Oxides; Other

AQUATIC

Food Web Index; Rare and
Endangered Species; River
Characteristics; Species
Diversity

Land Pollution (28)
Land Use: Soil Erosion

Noise Pollution (4)
Noise

(——————

Descriptive only

Figure VII-1.
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Appearance of Water; Land
and Water Interface; Odor Cultures (28)

and Floating Materials; = Indians; Other Ethnic
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Animals — domestic;
Animals = wild; Diversity
of Vegetation Types; Variety
‘within Vegetation Types

Awe/Inspiration; Isolation/
Solitude; Mysiery;.
"Oneness” with Nature

Life Patterns (37)

Ecosystems |

— Emgployment Opportunities;
Man-Made Objects (10) Housing: Social Interactions

Man-Made Objects

Compaosition (30)
Compaosite Effect; Unique
Compasition

The Environmental Evaluation System (EES) Applied to a Specific Study [5]
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Chapter 8
REALITIES OF IMPLEMENTATION

Implementation is the most crucial and difficult
phase of an UDFC project. Without the necessary appro-
vals and funds, all of the planning, engineering, and
economic analysis is in vain. This peint 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 complicated by multi-jurisdictional
problems.

The initial step in the implementation phase is
the master planning process, which consists of defini-
tion 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 with a low capital cost. In any event, benefit and
cost facts provide the information necessary for public
works officials and political bodies to compare, con-
sider, evaluate, and select desirable and cost effec-
tive solutions to drainage and flooding problems.

The completion of a preliminary design does not
guarantee implementation. However, it is difficult to
implement without a preliminary 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 distribution 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 invelved.

At the local government level, councilmen or county
commissioners try to get things done for the districts
they Tepresent. At the state level, legislators must
keep those that elected them happy. At the federal
level, the "pork barrel" projects championed by legis-
lators 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.
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With the technical background and political
support, the public works official attempts to
develop ways to finance the proposed improvements.
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
basis for a method for addressing problems in a time
frame consistent with political 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.
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.

It

There is a rather sparse literature on the specific
problems of financing UDFC systems. A recent Water
Resources Council publication covered some state or-
dinances on selected financing techniques [7]. There
is some literature on special assessments [2,4], but
very little in the way of overview documents on this
subject. There does exist, however, considerable lit-
erature 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 specifi-
cally defined in formal legislation. The Colorado
State Legislature, however, did pass legislation in
1975 to define what benefits may be accrued to a
drainage or flood control project. Appendix A is de-
voted 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 assess
ments; 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 head 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 improvement being
made. The Colorado Statutes (See Chapter 89, Section
2, Colorado Revised Statutes) provide that it is
lawful to construct improvements 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 to

Table VITI-1.

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 com-
modity, 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 opera-
tional 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 intertwined with the need
for better benefit-cost analyses, which is the neces-
sity 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].

Sources of Finance for Different

Types of UDFC Projects

Project

Type

Development
Phase

Minor Projects

Major Projects

Existing Development

New Development

General Tax Fund

Special Assessment

Special Grants (for
drainage)

Service Charge

Developer's Responsi-
bility
Basin Fees
Master Planning

General Tax Fund
Special Assessment
Special Grants (for
flood control,
multi-purpose
developments)
Service Charge

Basin Fees

Master Planning
Dedications
Anticipatory Zoning

1. APWA, ASCE and WPCF, "Financing and Charges for
Wastewater Systems,' 1973.

2. Barnard, J., et.al., Engineering Legal and Economic

Aspects of Storm Sewer Assessments, The
University of Iowa, October, 1971.

3. Beck, R.W. and Associates, '"Financing Study, Urban
Drainage and Flood Control District," Denver,
Colorado, October, 1971.
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4. Dague, R.R., "Storm Sewer Assessments -- The
Des Moines Plan," Public Works, August, 1970.

5. Herber, B.P., Modern Public Finance: The Study of
Public Sector Economics, Irwin, 1971.

6. Poertner, H.G., "Urban Drainage Practices,
Procedures and Needs,'" APWA, December, 1966.

7. U.S. Water Resources Council, Regulation of Flood
Hazard Areas, Vol. 2, 1972.
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Appendix A
LEGAL BASIS FOR ESTABLISHING DRAINAGE
BENEFITS INCLUDING MODEL LEGISLATION

1. '"What Constitutes 'Benefits' for Urban Drainage

benefits. Subsequently, Senator Shoemaker introduced
Projects"

Senate Bill 52 into the legislature to provide for the
establishment of these benefits, dependent upon sound
2. Senate Bill No. 52 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

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

Waat ConsTiTuTEs “BENEFITS” FOR URBAN
DRrANAGE ProsecTs
By W. Josery SHOEMAKER*

A tunnclichich, though seriing no useful purpose as an isolated

transportation w?if. is intendrd to furnish an arenue or highway to
be lensed to public transpartation ies, ix a public i t

far @ public use, for which tares may be imposed.' >

InTRoDUCTION
Colorado has a history

improvements as the holding above witnesses. Milheim v. Moffat
Tunnel Improvement District, a famous Colorado case, involved
an even more farn_ous engineering feat, that of boring a railroad
tunmnel, with provisions for a 108-inch water pipe, through the
Rocky Mountains. That case has set & precedent upon which
proponents of }:rhan 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
larg\e as contrasted with assessing property for the special benefits
whu:h' must accrue directly and solely to the owner of the land in
question fnd 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 recei;e.

_ Most public improvements, including urban drainage pro-
Jects, ure financed with revenues obtained from taxes paid by the
public.? Drainage improvements in rural areas have long been
financed by establishing drainage distriets? which assess rural
lan‘ds for the cost of building and maintaining drainage facilities,
while urhan areas have been given authority to use local improve-
ment and special improvement districts to build drainage works.!

* Partner, Sheemaker and Wham, [he - =
Navel Academy; J.D., 1936, Uﬂlwfﬂ[yol’lﬂ::_!h Colorade; B.S., 1947, United States

e .;_: ﬁ.ljh;ua ;.[ ln:;ﬁ;; Tunnel Tmpeovement Dist.. 262 U.5. T10 (1923), ofg 72

" Private funds sometimes are received
means of financing public projects, rg.,
pukes, waler works, because such fees re
of one's property.

* Coo. Fev. STat. Asn, § 47-1-1 (1563).

! Coto. Rev. Srar. Aws. § #9-2-1 (1963): “Tt shall be lawful . . . to construct any of
tha local improvements mentioned in this article and to assess the cost thereof . . . upon
the property expecially benefited by such improvements. ™ Further, “Such improvementa
may also consist of the construction of sewers . , . ." id. § B8-2-2(1)a) (1963).

ed. User feen are becoming more popular us a
sirpart facilities, sewage Lreatment works, turn-
late tn services received as npposed to the value
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In local improvement disiricts, 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 benejited
to the extent of the additionai taxcs is the determinative issue.
In special improvement districts, the property owners ore as-
sessed in relation to the specinl benefits bestowed upon their
property by the construction of the improvement. The assessing
rovernment eventually has the burden of showing these benefits.

In the application of user fees toward the construction of
urban drainage projects, the users are entitled 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 constituents
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 governmeni—
whether administrative, legislative, or both—has to know what

of tinding legal justification for public .

39

model legislation, appears afterwards.

the judicial branch ultimately may hold to be a legal Eenefit 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 benefits,

Drainage projects have had minimal success in competition
with other public improvements (such as housing, transportation,
ete.) 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 different fac-
tual settings will be examined.

I. SeeciaL BENEFTS

‘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-
senied in Covciomon nfro.
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Hond and health hazards which outmoded drainags 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
Tocal improvements, to assess the cost thereof wholly or in part upen

the property especinlly benefited . . . .
...i;;«ilﬂnm:hllhmmdhmrﬂuhﬂum
received.”

This method of fi ing an i t follows the histor-

P
ical language contained in the statutory authorization” sllowing
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.

* Editorisl preface 1o Shoemaker, An Engineering-Legal Solution to Urban Drainage
Problems, 45 Dewern LJ, 381 (1968).

? fd. Simce that article was published, and to a great extent becauss of the article,
the Colorado Legislature in 1965 provided for the establishment in the Denver metropoli-
tan ares (Adams, Arspshoe, Boulder, Denver, Dougles, and Jefferson Counties) of the
Urben Dreinage and Flood Control District with o mill levy suthority of one-tenth mill
for planning purposes and suthorily to seck 2 mills for comtruction of projects. Covo. Rev,
SraT. Anm. § B2.21-22(4) (Supp. 1968), ax amended, § 83-21-22(4) (Supp. 1971). In 1973,
the Colorado Leginl added an additional 1o the Board of
mill for construction of drainage and fiood cootrol improvements. Ch. 296, § 1, [1873)
Colo. Sess. Laws 556,

* Crrv ano Coverry or Desve, Covo., Crueree § AZ4.

v Id. mt AZG.

* Cowo. Rev. Smar. Asor. § 4T-4-1(1) {1963): *“The tracts of land which will recervs
most and sbout equal benefits shall be marked cos bundred, and such as are sdfodged te
receive less benefits shall be marked with a less number dencting its per cent of benafit.”
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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
casea do not directly define benefits, but rarher tell what benefits
are not. This narrow negative interpretation of benefit legislation
discourages municipal officials interested in building drainage
improvements. What follows is the putting into 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 benefited, 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 impr t fi ing theory that the basis of the
right to levy an for an impr t 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 d to an greater than the t 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 & special assessment to help pay the cost of a
drainage project. There must be & special bencfit to the specific
property to be charged which increases its value, relieves it from
a burden, or adapts it to a superior or more profi‘able use."

Another case defining the elements of special benefit with
greater certainly is Peterson v. Thurston,” where it was declared

to consider whether 8 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 plaintifi's land was separated

* Covo. Hev. Star. Ao, § 47-4-1 (1963).

% 95 Aw, Jus, 2d Drains and Drainage Districts § 46 (1966).
u g Conn. 432, 22 A. TBZ (1891).

25 Am, Jun. 2d Draing and Droinage Districta § 46 (1966).
= 161 Neb, To8, 74 N.W 2d 528 {1958).

* 241 Minn. 6, 62 N.W.2d B0 (1954).
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fecmu toe netaral waterway by aboul 1,034) feet, and the land had
some sloughs, the laigest of which drained through a private open
ditch across a neighbor's Jand to the naturai watercourse. The
Mirresota Supreme Court stated:

[T question prerented . . . is whether a lcndowrer as a matter

of law receives assessable deainoge brnefity in & drainege improv-

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

waler on his land is droiued into the public ditch involved evea

theugh he hed a sight to use, in its catura) condition, the outlet
which is tp be the publiz ditch and ever though thers is no showing

+hat the public ditch offers & better outlet.”

The coLoty contended that the deepeaing of the creek would
facilitate tiling of plaintif©'s land and give an advantage of sub-
surface drainagz. Plaintiff contended that the open ditch pres-
erdly used ndequately drained the subsurface; and, in fact, that
e open ditch had a greater capacity for drainage than any tile
which could be installed. The county further contended that
plaintiTs outlet to the natural water course was only based on
the crai permission given by the neighbor and that the public
ltnprovement would make the outlet more accessible. The Minne-
sota Supreme Court found the plaintiff not to be specially bene-
fited and based its finding on the language of the statute in-
volved.” “[jands may be assessed for benefits when the con-
struction of the drainage system ‘Makes an outiet more accessi-
ble, or otherwise directly benefits such lands or properties.’ ™
The court held neither to be the case here.

In Ciraselia v. Viliage of South Oronge® the question was
raised whether or rot a siorm-sewer improvement provided a pe-
culiar benefit to the plaintif's property which was not contiguous
tp tle storm-sewer improvement and was not contiguous to any
pige or pipes carrying surface drainage into the storm-sewer. The
stona-sewer improvement had been built to camry the surface
vunoff from the lands of plaintiff and others, The New Jersey
ceurt. in affirming a lower court ruling that plaintifi's lands were
not benefited, stated:

Assessments as distinguished from othcr kinds of taxation, are those

special and local impositions upon the propesty in the iramediate

vicinity of municipai imnp ts, which ars to pay for

the improvement, and sre laid with reference to the special benefit

¥ jd st 9, 62 N.W.2d et B

= h.oww. STar. § 106,151 (1971).

® Foromer v. Yellov: Medicine County, 241 Minn. 6, lv, &2 N.W.2d B0, 84 (1964).
* 57 NJ. Super. 522, 156 A2d L3: (1868).

40

556 NENVER LAW JOURNAL [Vou. 61

which the property is supposed to have derived therefrom . . .. The
foundation of the power to lay a special assessment or 8 special tax
for a local improvement of any character, whether it be opening,
improving or paving & street or sidewalk or ronatructing a sewer, or
cleaning or sprinkling a street, is the benefit which the ohject of the
aases=ment or tax confers on the owner of the sbutting property, or
the owners of property in the of special ion dis-
trict, which is ditferent from the general benefit which the owners
enjoy in common with the other inhabitants ar citizens of the munic-
ipal corporation. Accordingly, it is now well settled in most jurisdic-
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 ially benefited, That doctrine, as stated, is based
for its final reason on enhancement of values, That js to say, the
whale theory of local taxation or assessments is that the improve-
ments for which they are levied afford a remuneration in the way of
benefits. Whether the property has been specially b i by an
imp is 1} ded a question of fact, d ding on
the circumstances in each case, for the determination of the proper
tribunal. The broed question is whether the general value of the
property has been enhanced, not whether its present owner receives
sdvantage.™

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.

nid. at 525, 155 A.2d at 137 citing Jn re Public Service Elec. & Gan Co., 18 N.J. Super,
357, 363, B7 A.2d 344, 346 (App. Div. 1252}, For purposes of determining whether property
will be benefited by crestion of & parking district, “[bjenefit i usually considered as
tending to reflect enhancement in the market value of properiy . . . . Locsl zoning ordi-
nances are malters which help determine mariet valves . . . ." Jeffery v. City of Salinas,
232 Cal. App. 2d 29, 37, 42 Cal. Rptr. 486, 433 (1965). J

When Lhe owner of & lot is taxed for municipal improvementa, the benefit is not the
bencfit to the public st large but to the owner of the lol. The phreses benefits snd
increared valfue are h bl ince, whete tax isapp 4 ding to the
increased value of & bot, they are the same thing as the value of the benefit which the owner
receives from the improvement, Garret v. City of 5t. Louis, 25 Mo, 505, 511, 69 Am. Dec.
AT, 478 (1857),

Benefit ia the increment of valoe to land affected by improvernent and represents the
difference between market value of land before improvement and immedintely after im-
P pr must be such special, pecuniary benefits s
fesull 1o & particular landowner by reason of his ownership of land atfected, as distin-
fuished from general benefits to the public. Maywood Land Co. v. Rochelle Park T., 13
N.J. Misc. B41, 181 A. 696 (1935).

“The terms "bmefits™ and “to be benefited,” g3 used in sn sct providing for organiza-
tian of flood control districts, mesn that a lendowner has received, or will receive, by
resson of improvement, an increase in market value of his property. Weysrhasuser Timber
Co. v. Banker, 186 Wanh. 332, 342, 58 P.2d 285, 259 (16838).

= 242 Minn. 172, 64 N.W.2d 750 (1854).
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Ilamages to the plaintifi's land were also established and the
pioiniiff appealed both counts, thut benefits were acseused oo
hizh, and damages tco low. The plaintifis position. wes that 2
Z0-acre farm which produced an average annual income of
$12,500 could not be benefited o the extent of $3,000 by any
¢rinage system when only 3 or 4 acte= of erop on his lanc was
lost in 2 out of 5 years because of inadequate drainage. He further
claimed his land was substantially and materially Gamaged by
coustruction of a 40-foot ditch aczoss his land.

The county contended the improvement would neccssitate
less maintenance than plaintifi's tile system; reault in water mey-
ing more rapidly from the tract; and water would be cleared from
several acres where it was covered most of the time. Plainti¥
further contended thet the creation of the banks (caused kb in-
creasing the depth of the ditch from 8 to 10 feet), the cost ¢f 3
bridge crossing over the ditch, and resulting inconveniences to hus
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 benefits
assessed to the plaintiff and the damages awarded to him.

Colorado’s Supreme Court has spoken decisively and congs-
tently on the same jssue.” In Sania Fe Land Improvement Ce. v.
City & County of Denver,™ 3 sanitary sewer special impro it
distriet case, the court found support for special asgessiuents
under the theory that the property against which they are levied
derives some special, immediate, and peculiar benefit by reasoa
of the imprevement, in addition to, and different from that en-
juyed by other property in the community outside of the district
in which the improvement is made. That is, the local improve-
ment peculiarly enhances the value of the property against which
the assessmept is levied, to an emount egual to, if not n excens
of, the amount of the special aszcssment.

In Hildreth v. City of Longmont,® uphelding a districl couvrt
ruling that property was benefited, the Calorads Supreme Court
stated:

Generally spenking, only. such becefits are to be asvessed sa it s

® Milbeim v. Moffat Tunnei Improvemane Dist,, T2 Colo. 288, 111 P. #49 (1022},
Legal practitionars have questioned, however, whether the lundmaci cusc of Muciin iva
secinl benefit case or general benefit case, or whether, because of the novelty of tha
subjeet matier as npposed to @ sewer of sirt imprevemsnt case, the court came to il
conclusiuns using both special bemefit and geneenl beasfit lungusge.

» g9 Colo, 309, 313, 2 P.2d 224, 249 (1931).

® 47 Cola, 79. 195 P. 107 (1909).
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ronsonahly npparent the properiy wiil reeenve ucier Thai the genesal
Tionedit to the communily, and podaing is o Le consigered o henent
which does net enhance the vaise of the property. Vacant Ints mav
have nn present use for o sewergge system: but it adds to their valve
T miving them p sanitare adeaaiaee whieh senders them salable at
a price which atherwise they couln not command, hecause of ther
desiralnlity . .. "

Tt of Furt Lupten v, Univn Pacifie Railroad Co.™ was an
action hy the railrozd W engoin the city of Fort Lupten from
assessing railroad property for street and curh improvement, The
railrnad pointed out that the strest improvement provided no
additional access for its customer traffic, no increase in revenues
to the railroad, and nn physical henefit ta the railroad’s property.
The Colorade Supreme Court atlirmed a lower court’s finding
that ne benelit inured to the railroad despite the city's contention
that a declaration of hencfits by the ety council shall be prima
facie evidence of the fact that the property assessed is benefited
in the amount of the assessments,™

It should he apparent at this point that some differences
exist amnng the various definitions of special bencfits, depending
upon whether urban or rural land is involved. The above cases are
in general agreement that urban lund is specially benefited if its
market value is increased hy the instailation of storm or sanitary
sewers, Thus, cven vacant urban land may be specially henefited
by such improvements, as its market value and salability in-
erease. 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 ar transfers his land, and thus may never be realized. In the
case of a sanitary sewer, the actual use thereof is a bénefit 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

* [d. &t R, 107 P, &t 114 (emphasia added].

T (566 Colo, 352, 398 P.2d 2R (1963], See also District 50 Meiropolitnn Recreation
st v. Rurnside, 167 Cnlo. 425, 438 T B4 (19680, In Bumside, the Colarade Supreme
Croart upheld a statule which excliuded raiisoad property from levy for recreational distriet
purpoaes. The court stated: “The seetion (s a legislative declaration of what is obvious =
that the property excluded would pot bencfit from, or have any use for, playgrounds, golf
courses and swimming pools.” [d. at 431, 448 P.2d at 781, It would be helpful if the
legialature were 10 set forth what constitutes benefit, or eriteria for pubiic officinls to use.

™ g at 54, 799 P.2d at 249,
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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 benelits, then, have at least one common denomina-
tor in economic value. [f a monetary benefit can be shown to have
accriied to o landowner by reason of an improvement (incrensed
market value, increased crop production, etc.), then special as-

nt | more feasible. Difficulties may arise where no
value can be assigned to an imp t by a landowner, such
as the drainage of land used as a nfuse dump by the owner.

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

[I. GeNERaL Benerrts

It would be most helpful to huilden of urban drainage im-

ts if legislative bodies defined potential types of bene-

m.s from urban drnmags 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 typu 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

evaluated 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:

[|| buti to prosp i hat addnvnlutl.epwwtr

profit;

cnhlncu tlu value of our propertgr rllhh. or rights s citizena, u

contradistinguished from what is injurious.®

Moreover,

“[blenefit” is not limited to pecuniary gaina, nor to any particular

kind ofldwnr.a;u il. nﬂm to what is advantageous, whatever pro-
motes what enh the value of the prop-

-nm-u-mmlud.mn
Law Drorromay 131 (3d od. 1968). Ses National Surety Co. v, Jurret,
uw‘ Va. 420, 121 5.E. 291 (1934) for a testamentary definition of benefit.
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erty or rights of citizens as oomtradistinguished from what is inju-

rions.

Ienefit has also been defined in general terms in cases. The
leading Colorado case of Milhieim goes into some detail as to what
constitutes a bencfit.® A number of plaintiifs brought suit to
enjuin the defendants from proceeding under a statute creating a
tunnel improvement district, the ground of the action being that
plaintiffs’ property would be burdened by an illegal tax. Issues of
law and fact were presented as to the henefit to the property
subject 1o 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-
sessed. One of the contentions of the plaintiffs was that the im-
provement was not for public use. The Colorado Supreme Court
stated:

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

is well established, the requirement being that the improvement be

npen 1o use by all persans who have need of it.*

If the husiness proposed to be carried on is essentially for
public benefit and advantage, then the use is public. In determin-
ing a public use, the criteria followed hy the court consisted of (a)
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.?

It was further contended by the plaintiifs that the benefits
were unequal. The court stated: “The law does not require that
the benefits should be exactly equal.”™® The plaintiffs further
objected en the grounds that no special benefits accrued to the
property owners in Jefferson County because of the tinnel. The
court noted:

[Tlhe tunnel will make poasible the delivery of coal in Denver =t a

™ A Booth & Co. v. Weigand, 30 Utah 135, 83 P, 734 (1906),

= Milheim v. Moffat Tunnel Improvement Dist., 72 Colo, 268, 211 P. 649 {1922).

= Id. st T, 211 P. at 651,

* [d, citing Tanner v, Tressury Tunnel, Mining & Reduction Co., 36 Colo. 583, 536,
B3 P. 464, 465 (1906).

® Id. at 273, 211 P. st 653,
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considernbly lower freight rote, and hence make it probable that the
prowth nnd prosperity of the city will be matenially promoted. That
being true, the lands in Jefferson County within this district will
essuredly increase in value with the growth of Denver.
A concurring opinion in Milheim [urther observed that:
‘The ares of the district ia one which is cut ol {rom intercourse with
the rest of the werld for many weeks in the year . . . . The lack of
easy communication, and, for some periods during the year, of any
mmmunwalmn at all ml.h other parts of the atate, interrupts and
of all kinds. Products from this
vaﬂ. and fertile r.emlury cannot be marketed with any degree of
The 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 improvements. In a recent Florida case
involving the ecological impact of a proposed project, Seadad
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 fully st d that the discharge
would be acceptable’and no mparahle 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 Ook.® Royal Oak had created
a special assessment district in a downtown area for development
of pedestrian malls and plazas, among other improvements.
Plaintitfs contended their property would not be “specially bene-

* [d. at 278, 211 P. at 634,

® [d, at 20.91, 211 P. at 653,

= 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 based 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
Schoul 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 ing 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 i here involved is not primarily one for the protec-
tion of Dmpeﬂ.y but is designed to benefit the cuy as a whole, md
the property within the district

P , by p
oy thereof and enhanci: lh\ralue,..,

the use and

' ‘Iﬁ 8 case of this nature, consideration muat 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 cnngesmi local traffic with its attendsnt nmu
fumes, and general systematically and I
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. 364, 52 N.W, 1028 (1892).
" Id. at 569, 52 N.W. at 1029,

@ 362 Mich. at 522, 108 N.W.2d at 24,
o Id. wi 523, 108 N.W.2d at 25.75.

W Id. at 532, 108 N.W.2d at 25,
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Justice Black then went on to agree with these benefits as
related Lo some property owners, but pointed out that the di-
verted traffic, fumes and noise could be a detriment to others:

SHuch a project benefits, yes. The shopper in convenienced and at-
tracted by comfortable ways of spending money, and dw .dw:enc
places of busi; do more busi But that b

must be taken from other less attractive spots. Such is Cmfm:ml
law of competition. It affords no basis for compulsive contribution
of those adversely sffected, or at lemst those who receive no like

benefit.®

This case is particularly important becauu I.t embhs&u
types of benefits that may be t TM peci:
were set aside as a mec n for 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
m-em[ courts as a type of benefit for assessing lands for d.ramage
pr “ 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.

IM. Lecisiarive AcTioN
“[TThe Legislnture is . . . invested with a wide discretion
. [in] imposing & tax . . . ."" A state legislature, in the
abseuce of any comtu,uhmal restriction, may fix the basis of
or taxati h it does so, such method
must be followed to the excluum of any other." As was noted

42

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 wt 53334, 108 N.W.2d st 30,

= Garden of Eden Drainage Dist. v. Bartlett Trust Co., 330 Mo, 554, 562, 50 5.W.2d
627, 631 (1332): “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).

* Redford v. Johmson, 102 Colo. 203, 210, 78 P.2d 373, 377 (1338).

# Clark v. City of Royal Oak, 325 Mich. 298, 38 N.W.2d 413, cert. denied, 338 U8,
BI0 {1943).

* See text accompanying note 11 supre. Y

*= 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 fAood control sys-
tems in metropolitan areas is clear. However, implementation of
such syst is being hindered by hesitancy of local officials to
act in light of the statutory requi that ts 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:

& Any inerease in the market value of the property:

b. The provision for accepting the burden from apecific property

for discharging surface water onto servient property in 8 manner or

quantity greater than would naturaily flow because the dominant

owner made some of his property Impernuabh

c. Any adaptability of property to a superior or more profitable

d Any alleviation of health and sanitation hazerds aceruing to
prop wofpwbllc, P in the district if the provi-
mn of health and sanitation is paid for wholly or partislly cut of
Enndl dnnm! Erum l.-nmn uf property owners of the district;
in t costs of | I

or of pubilc property in tl:e district if the u:mnbenlm of t||2 puhhe
property is paid for wholly or partially cut of funds derived from
taxation of property owners of the district;
£ Any w:rune m wm-!nma or reduction in inconvenience

to including the facilitation of
access to and travel over mu. rmdl. md hmhmyl.
g Aesthetic, ecological or W to
particular properly owners as & direct rewlt of the dmlmt 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
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that lands included in a drainage district will receive no direct
benefit is not per se enough o exempt them from assessment."
erefore, assessment according to the above 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 is a
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 d from irresponsible charges.

* Miller & Lux, Inc. v. Sscramento Drainage Dist., 256 U.5. 129 (1921).

® See alwo Morton Salt Co. v. City of 8. Hutchisog, 168 F.2d 897 (10th Cir. 1847);
Barten v. Turkey Creek Joint Diist., 200 Kan. 459, 436 P.2d 732 (1968); Curtia v. Louisville
& Jefferson County Metropolitan Bewer Dist., 315 5.W.2d 378 (Ky. 1968).



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 ex-
pand upon the norrow definition given to "benefits" by

/‘\

Courts. Finally, the references in SB 52 to (1)
dominant owners discharging excess water on to servient
ﬁroperty, (2) alleviation of health and sanitation
azards; (3) reduction in maintenance costs; (4) in-
crease 1n convenience to property owners; and (5)
recreational improvements resulting from some drainage
improvements, were Eersu351ve 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 Statues.

1975

n ot t)

\/

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

PROVIDING FOR ASSESSMENT OF BENEFITS ACCRUING TO
PROPERTY WITHIN VARIOUS TYPES OF IMPROVEMENT DISTRICTS
WHICH 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 ADDI-
TION OF A NEW SECTION to read:

30-20-512.5 Determination of special benefits -
factors considered. (1) The term "benefit", for the
purposes of 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 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

Capital Jetters indicate new material added to existing
statutes; dashes through words indicate deletions from
existing statutes and such material not part of
act.

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 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 drain-
age improvement.

SECTION 2. Part 6 of article 20 of title 30, Colorado
Revised Statutes 1973, is amended BY THE ADDITION OF A
NEW SECTION to read:

30-20-605.5. Determination of special benefits -
factors considered. (1) The term '"benefit", for the
purposes of assessing 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 manner or quantity
greater than would naturally flow because the dominant
owner made some of his property impermeable;

(c) Any adaptability of property ta 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 pro-
vision of health and sanitation is paid for wholly or
partially out of funds derived from taxation of
property owners of the improvement district:

of
in

(e) Any reduction in the maintenance costs
particular property or accruing to public property
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 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
Governor on May 1, 1975, is amended BY THE ADDITION OF
A NEW SECTION to read:

31-25-506.5. Determination of special benefits -
factors considered. (1) The term '"benefit™, for 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 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 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 maintemance costs of
particular property or of public property in the im-
provement 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 improve-
ment 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;

(g) 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:
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37-5-104.5. Determination of special benefits -
factors considered. (1) The term "benefit", for the
purposes of assessing a particular property within a
conservancy district particularly with respect to regu-
lating stream flow to control floods includes, but is
not limited to, the following:

(a) Any increase in the market value qf’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 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 im-
provement 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 im-
provement 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 5. Article 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 particular 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;

(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 im-
provement 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 im-
provement 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 drain-
age improvement.

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

SECTION 7. Safety clause. The general assembly
hereby finds, determines, and declares that this act is
necessary for the immediate preservation of the public
peace, health, and safety.
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Appendix B
DAMAGE ESTIMATION DATA

1. Table B-1. 1975 Revised Depth-Damage Curves for

FIA Residential and Samll Business Structures.

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

3. "State-of-the-Art of Estimating Flood Damage in
Urban Areas"

Earlier in this research project, an analysis was
made of the state-of-the art of estimating flood
damages. It was found that although estimation proce-
dures were widespread in federal agencies, little in-
formation 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 infor-

nation has since been identified in other publications,

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, generally reduced relationships for
residential and small business structures. These are
given as Tables B-1 and B-2.*
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 S0 60

*Furnished by Mr. Sam Brugger, FIA, April, 1975.
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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

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 T 6
-1 55 8 9
o 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 5. Grigg and Oteo J. Helweg®

ABSTRACT: With implementation of the Tlood Insurance Act of 1968 niany additional local
Mood pratection propects are being considéred. Consulting engineers and local agencies need
comsistent methods 1o cstimate Mood damage in order 1o perform leasbility studies. Federal
agencies have a great deal of data and long experience in making damage estimaies but no
comprehensive guides are available at the local Jevel, Curves of Muod dumages fo different
residential uruciure types are presented. The relationships in use by the U. 5. Federal Insunnn
Administration are shown 1o be e and are ded for use as

guides. Additional research iv and di of the paper is inviled in order 1o
make additional data available in the literature,

(KEY TERMS: damages: drainage, Mood control; land use; management; pRAning. zoning.}

INTRODUCTION

When flood occurs in urban areas the category of damage normally .eporied in the
press and therefore receiving most attention, is direct damage to property. This 15, 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 basicaily 1o structures and 1o public facilities such
as roads, ulilities, and associated facilines. This appears to be the major category af {lood
demages which should be considered. Damages to property vary according to the type of

" Paper No. 7465 of the Water Resourees Bulietin. Discussions are open until August 1,1975.
Respectively, Assaciale Profesor of Cinl Engnecring, Colirado Stite University, Fr. Colling,
Celarado, and Graduate Research Assistant, Colorade Staie University. Fi. Colling, Colorada.
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property, it’s value, and the cost 1o restore it to it’s original condition. There is a fair
amount of data avaulablt !'or eshm:rmg damages to residential property, but little data is
available for esti 1 and | damages [Grigg and llelweg, 1974]

The main contribution of this chapter is an in-depth analysis of the currently available
data fur estimating residential Nood damage.

INDIRECT DAMAGES

Indirect damqgn include the vaiue of lost business and services, the cost of alleviating
hardshi 1 g health, g traffic, delays and related phenomena [Bruden.
1973). The deunptlon of indirect d:rnagn is very difficult and has not been delineated
to the extent that they can be individually estimated. The cument state-of-the-art is to
take the indirect damages as p of direct d One set of esti that has
received wide distribution Wa: by the Corps of Engineers [Kates, 1965] and is as follows:

1. Residential - 15%

2. Commercial - 35%

3, Industrial — 45%

4, Utilities — 10%

5. Public facilities — 34%
6. Agriculiure - 10%

7. Highways — 25%

8. Railroads - 23%

SECONDARY DAMAGES

Secondary damages may occur when the economic loss cavsed by flooding extends
farther than the losses to thoss whose property is directly damaged. For ple, people
who depend on output produced by damaged property or on hindered services may feel
adverse affects [Breaden, 1973]. Normally, the secondary damages tend 1o be offset by
secondary benefits and are not included in damage estimates.

INTANGIBLE DAMAGES
With the recent issuance of the Water Resources Council Planning Sll_ndlrlh. intan-
gible costs and benefits have received greater ion. Some categories of intangibh
damages are: environmental quality, social well being and aeslh:ln: values. It is currently
not possible to ry values of intangibh ges, but these should be
considered as part of the total analysis for project justification. There are several research
projects underway leading to methods of estimating the magnitude of i ible d:

but we do not e:peca 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 insbrance premiums
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exeeeding the expected annual losses to avoid financial disaster or ¢ven the financial
inconvenience of irregular budgeting [Breaden, 1473]. The calculation of uncertainty
danages 15 not staightforward and requires a study of practices in buying insurance.

ESTIMATING [MRECT RESIDENTIAL FLOOD DAMAGE IN URBAN AREAS

Estimating potential flood damages is an important problem in planning federal, state
i local water resources projects. The economic importance of this has increased with the
mplementstion of the Flood Insutance 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 semains in the files of
agencies and insurance companies. A water resuurces project with flood control may
include struciural, ne I, pr a combination of In any case, d o
be prevented by the potential flood contral projects must be estimated in order to
evaluate aliernatives.

The seriousness of the luck of urban flood damage data was described In a 1968 ASCE
study,

“Because dauug: i primarily related 1o the Mood, damages are lkam evaluated with a
sense of of .The y absence of & ¥ body of
hydrologic and econnmic Neld d.ala on urban storm dramaga system floods comstitutes a
labiliry of ions in the of those (lods and their anociated
damages.” | Ackermann, et al., 1968

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

This chapter presents a discussion of damage estimatt hods in use by engi
Tor calculating expected annual average flood loss (AAFL) which is taken heie to includs
only direct damage to buildings and Itis gnized, of coursc, that other
factors enter into the calculation of loss, but this discussion is limited to direct damage.
There are three factors that enter into calculstion of AAFL; stage-discharge relationships
for cach reach of a river or drainage basin, discharge-frequency data, and depth-damage
curves. These are bined to give damage-f curves, the area under which yields
the AAFL. In many flood plains where ue]oc:ty and duration of flooding do not affect
flond 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. lHopefully, the discussion generated by the paper will enrich the litera-
ture in this impartant subject area,

The source of data for the curves shown are estimating tables and curves pltpil‘cd by

federal agencies. These curves are mostly based on p lized original data pil
from diverse sources. Some potential svurces of such estimating curves would be reluctant
to release their curves because of the Jifficulty in gatheri lyzing and p i
such data a5 disénssed in [Ack , 1968]. Therefore, in p |h¢n cums lhe
writers are not suggesting that they be unquestionably accepted finr us but that they be
considered for use and, if no ing curves are Iy ilable to some agencies,
perhaps they can be adopied.

The paper is specifically icted 1o residential and contents. Thi

variability of ial structures renders damage estimation more complex
Some estimating values are available (Iloman 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 dlml d: can be classified in various ways.
Whilte uses two main classificati ic techni and stage-damage curves [White,
1964]. The authors have chosen three categories 10 i these techniques; aggregate
formulas, historical damage curves, and empirical 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,

Cp=KpUMgha m

Cp = flood damage cost for » 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

Mg = market value of structure inundated in doliars
per developed acre

h = gversge Mood depth over inundaled area in feet

A =ugrea flooded in acres

The historical damage curve method is presented by Eckstein [1958]. As shown on
Figure 1, historical damages of floods are plotted against Mlood stage. Fot armnl rﬁd.\ly.
damage costs must be corrected to present valwes by including add
(i, the development of the flood plain) and by correcting for inflation.

Where:
D, = the damage for the i flood selected
P, = exceedance probability of the i*h Nood
N =the number of Mood magnitudes used 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 vi. damage curves for the structures
occupying the plain [Comell et al., 1972; TVA, IQN] This information is then related
to stage-fi y curves 1o ine the required damage-frequencr curve. This
method can be applied with the degree of detafl approprisie to the project size shd cost.
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Figure 1. Historical Depth-Damage Curve.
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USE OF DEPTH-DAMAGE CURVES

Generally speaking, four inputs are needed to compute the AAFL, These are: the first
Noor elevations of the structures in the Mlood plain (or the elevation where foodwater
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 ather

Individual First

Fioor Elevations

Stage —Frequency

Relation Aggregated Parroas
Domage - Frequency —-M"wl

Structures and Felationship Fosd

Contents Valus Loss

Depth Domage

Curves

Figure 2. Computational Procedure for
Average Annual Flood Lo, 5

facilities such as utilivies but damages to these are usually negligible in comparison to
houses and businesses.

One of the problems for an engmr when using the damage lables available is that the
value of the structure and the value 5 the are puted separately
When making a first estimate or studying a small project, a "mbc—oflhumb" must nor-
mally be used to relate value of contents to structure value or separate surveys of con-
tents and structure values must be performed. The latter is uneconomical for small
projects and first estimates, so 2 method is needed to combine the damage o structures
with damage 10 conlents 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 to the value of the structure over
time. Others fecl the two quantities can be combined without loss of sccuracy.

A statistical survey relating structure value to contents mcondumd by the .Sianfnfd

Research Institute (SRI) [1960]. From their data, a reg g was develop
with the following results:
V.
100 = 42.0818 - Q0072 V, (%]
¥, ¥
Where:
¥. = market value of contents

V, = market value of structure in dollars

The standard error was 15,49 and the coeffickent of corrclation was .32 revealing that
the value of the contents varies considerably in relation to the value of the structure, /f
does appear rhar the value qf consents deciines relative to the iotal value of struciire as
the ralue of the For - g the above relationship. the
contents of a 520,000 house would be nwnd 28% or 55000 There !s some cvidence
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 32% of the structure value
to compute the value of the A major k pany uses S0% and states

that this may be high or low, depenring on the circumstances. Another Federal agency
feeks that 30% of the structure value is a good approximation for the value of the
contents.

When depth va. percent-damage data is available sep ly, a bined relation for a
given flood event can be developed as lollows:

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

ViV, ey, &)
D, =DV, +D.V, (O]
o P LS L

V' 1.2 433
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¥y =total market value of struciure ard contents

b = tolal damage to structure and contents in dollars
D, = fraction of the structure damaged

= percent of contents damaged

This relation can be wsed to develop combined curves for tolal 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 sre bused on tables and curves abtained from references
[TVA, 1960, USACE, 1970: USDA, 1974; FIA, 1970]. Some ASsUMpLoNS were neces-
sary to plot the curves on an uniform format and the curves in the references e given as
guidelines only, not as verified data, Nevertheless, it seems worthwlule to compare the
relationships in ust so that enginecrs can be guided in their selection of estimating values.
It should be noted that the Federal Insurance Adaunistration (FIA) curves shown are the
earliest versions and may be revised, FIA appears 10 be making a credible sttempt to
synthesize data and develop reliable estimating curves, and engineers interested in 1his
subject should stay in touch with their work.

Figures 3 through 6 show depth-damage curves for four main 1ypes of residential
structures, Figure 7 shows a comparison between one fype of house with and without a
hasement. 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 basemenis, However. one study cast some doubt on this popular
assumption that houses of one 1ype have similar depth-damage curves.

The relationship shown on Figures 3 through 8 may be used by engineers for estima-
tion purpuses. The wide variation in the curves waves a Mag of caution, however, as
recogized by the agencies using the curves, Becawe of the many floud damage mutiga-
tion studees now underway, it seems that some puide should he available, For the cuse
where the engineer is comparing aliemative flood control measures, any reasonahle stape-
dzmage cusve will prowde a relative measure of damages, The putfall would be to assign
to0 much assuracy to resulting estimates,

Based on the curves presenizd, the FIA relationships appear 1o be the most reasonabic
for estunation purposes, if far no other reason than that they “split the middle.” The F1A
has hased their curves on a substantial data base and the curves certamly appear reuson-
able. Having the advantage of the previous studies of the other agencics, it is enpected
that thie 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 waler problems the basic need is accurate data that can be wsed o
define empirical relationships. Further work is needed to relate the value of conients to
the value of tie structure. Perhaps the insurance ndustry will ultimately develop this

data, There are many unanswered questions, such as whether structures of one type have
the same depth-damage curves regardless of their values. Studies to relate the time varia-
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 demage is 70% of
flood damage [Cornell, 1972].

Research by the federal agencies involved in flood studies has resulted in the accumula.

tion ol‘ useful lnfnrmmon for dmm estimates. Though the agencies are continually

pdating their inf gk and local agencies need useful infoima-
tion nmv for use in smaller scale pmgecls The curves presented in this paper will hupe-
fully help to meet this need. The curves exhibit wide variation. To consider this, il is
suggested that sensitivity studies could be made to examine net project benefits under
different damage schedules. This would lead to more realistic project evaluation.

The writers lvite discussion of this paper from individuals and agencies with experi-
ence in estimating flood damages. If enough data could be made available, comprehensive
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

1. Water Resources Council, Standards for Planaing
Water and Related Land Resources

Great controversies have arisen over the selection
of the discount rate to be used in engineering-econamic
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 con-
sumption 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 speci-
fically that the Water Resources Council recommended
rate be used.

The Water Resources Council's "Principles and
Standards for Water Resources Planning," approved

REPRINTED FROM: FEDERAL REGISTER, VOL.

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 in-
cludes certain specified categories of bonds. The
Water Resources Council procedures are explained in
their Rules and Regulations, which are reproduced be-
low. 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 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.

*James, L. D. and R. R. Lee, Economics in Water

Resources Planning, McGraw-Hill, 1971, pp. 126-127.
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UNITED STATES WATER RESOURCES COUNCIL

29242 SUITE 800 e 2120 L STREET,

WATER RESOURCES COUNCIL
Standards for Planning Water and Related Land Resources

Change in Discount Rate Formula and Currently
Applicable Rate.

1. Notice is hereby given that the interest rate
formula established by the U. S, Water Resources
Council, September 10, 1873, in Chapter IV, D., "Stand-
ards for Planning Water and Related Land Resources"
was amended by section 80 of the Water Resources
Development 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 formulation and evaluation for discount-
ing future benefits and computing costs by Federal
officers, employees, departments, agencies, and instru-
mentalities in the preparation of comprehensive re-
gional or river basin plans znd the formulation and
evaluation of Federal water and related land resources
projects shall be the formula set forth in the "Poli-
cies, Standards, and Procedures in the Formulation,
Evaluation, and Review of Plans for Use and Develop-
ment of Water and Related Land Resources" approved by
the President on May 15, 1962, and published as Senate
Document 97 of the Eighty-seventh Congress on May 29,
1962, as amended by the regulation issued by the Water
Resources Council and published in the FEDERAL REGISTER
on December 24, 1968 (33 FR 19170; 18 CFR 704.39),
until otherwise provided by a statute enacted after
the date of enactment of this Act. Every provision of
law and every administrative action in conflict with
this section is hereby repealed to the extent of such
conflict.
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(b) 1In the case of any project authorized before
January 3, 1969, if the appropriate non-Federal in-
terests have, prior to December 31, 1969, given
satisfactory assurances to pay the required non-
Federal share of project costs, the discount rate to
be used in the computation of benefits and costs for
such project shall be the rate in effect immediately
prior to December 24, 1968, and that rate shall con-
tinue to be used for such project until construction
has been completed, unless otherwise provided by a
statute enacted after the date of enactment of this
Act.

(c) The President shall make a full and complete
investigation and study of principles and standards
for planning and evaluating water and related re-
sources projects. Such investigation and study shall
include, but not be limited to, consideration of en-
hancing regional economic development, the quality of
the total environment including its protection and
improvement, the well-being of the people of the United
States, and the national economic development, as
objectives to be included in federally-financed water
and related resources projects and in the evaluation
of costs and benefits attributable to such projects,
as intended in section 209 of the Flood Control Act
of 1970 (84 Sta 1818, 1829}, the interest rate formula
to be used in evaluating and discounting future bene-
fits for such projects, and appropriate Federal and
non-Federal cost sharing for such projects. He shall
report the results of such investigation and study,
together with his recommendations to Congress not
later than one year after funds are first appropriated
to carry out this subsection.

S —————
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2. The "Principles and Standards for Planning
Water and Related Land Resources," established by the
U. 5. Water Resources Council pursuant to section 103
of the Water Resources Planning Act (Pub. L. 89-30),
were published in the FEDERAL REGISTER on September 10,
1975, (38 FR 24778) and became effective October 215,
1975.

3. Pursuant to the provisions of Section 80 of
Pub. L. 93-251 and the authority delegated in Section 2
of Executive 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 established in accordace
with the concept that the Government's investment de-
cisions are related to the cost of Federal borrowing.

fa) The interest rate to be used in plan
formulation and evaluation for discounting future bene-
fits and computing costs, or otherwise converting bene-
fits and costs to a common time basis, shall bhe based
upon the average yicld 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 rate be raised or lowered more than one-quarter of
1 percent for any year. The average vield shall be
computed as the average during the fiscal year of the
daily bid prices. Where the average rate so computed
is not a multiple of one-eighth of 1 percent, the rate
of interest shall be the multiple of one-eighth of 1
percent nearest to such average rate.

{(h) The computation shall be made as of July 1
of cach year, und the vate thus computed shall be
used during the succeeding 12 months. The Director
shall annually request the Secretary of the Treasury
to inform the Water Resources Council of the rate thus
computed.

(¢) Subject to the provisions of paragraphs (d)
and (e) of this section, the provisions of paragraphs
(a) and (b) of this section shall apply to all Federal
and federally assisted water and related land resources
project evaluation reports submitted to the Congress,
or approved administratively, after the close of the
second session of the 90th Congress.

(d) 1In the case of any project authorized before
January 3, 1969, if the appropriate non-Federal inter-
ests have, prior to December 31, 1969, given satisfac-
tory assurances to pay the required non-Federal share
of project costs, the discount rate to be used in the
computation of benefits and costs for such project
shall be the rate in effect immediately prior to
December 24, 1968, and that rate shall continue to be
used for such project until construction has been com-
pleted, unless otherwise provided as a statute enacted
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after the date of enactment of the Water Resources
?ggilopment Act of 1974, Public Law 93-251, March 7,

(e) Notwithstanding the provisions of paragraphs
(a) and (b) of this section, the discount rate to be
used in plan formulation and evaluation for the fiscal
year 1969 shall be 4 5/8 percent except as provided by
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 5 5/8 percent
based upon the formula set forth in 3.(a):

=**the average yield 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***

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 Fiscal Year 1974
consistent with a further provision of 3.(a) which
provides:

#**[t]hat in no event shall the rate be raised or
lowered more than one-quarter of 1 percent for any
year.

Since the rate in Fiscal Year 1973 was 5 1/2 percent
(37 FR 14445), the rate for Fiscal Year 1974 was 5 5/8
percent.

5. The Treasury Department on July 17, 1974,
informed the Water Resources Council pursuant to 3. (b)
above, that the interest rate would be 6 1/2 percent
based upon the formula set forth in 3.(a):

#*%the average yield 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 ***

This higher rate, however, cannot be used for
plan formulation and evaluation for Fiscal Year 1975
because a further provision of 3.(a) provides:

#**[t]hat in no event shall the rate be raised or
lowered more than one-quarter of 1 percent for any
year.

Since the rate in Fiscal Year 1974 was 5 5/8 percent
(38 FR 20119), the rate for Fiscal Year 1975 is 5 7/8
percent.

Rogers C. B. Morton,

Dated: Chairman

August 7, 1974.

[FR Doc. 74-18624 Filed 8-13-74; 8:45 a.m.)
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RULES AND REGULATIONS
20510

Titla 33—Navigation and Navigable Waters

CHAPTER Il—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

Wrtice 1s hereby given that the regula-
tlan sct forth below by the Secretary of
the Army (acting through the Chief of
Engincers)  prescribes revised imple-
menting policy and procedures pu.-uant
to section 1 of the Flood Control Ace of
22 June 1936 (Pub. L. T4-738). Specifi-
eally, the regulation emphasizes the pro-
cedures and measurement techniques for
evaluating benefits under the national
economic development objective for flood
contyol and related water resources
mManuing.

Since this regulation prescribes a gen-
eral policy statement and specific evalu-
atinn procedures and measurement tech-
niques designed primarily [or internal
use by Corps professional staff, notice of
proposed rulemaking and the procedures
theretn is considered unnecessary. This
repulition 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 io
the effective date. It applies fully to all
rlanning reports submitted to OCE after
Decemiber 31, 1974, It will be applied par-
tially to planning reports submitted be-
tween August 15, 1974 and December 31,
1874,

Dated; 5 August 1974,

James L. KeLry,
Brigadier General, USA,
Acting Director of Civil Works.
Subpart A—Introduction

Sec.

341.10 Purpose.
341.11 Authority.
341.13 Definltlons.

Subpart B of

Princip and
Benefit Evaluation
341 20 Deflnitlon and examples of national

economic development objective.
341.21 Relationship of flood control pro-
grams to natlonal economic devel-
opment objective.
341.22 General benefit standard for natlonal
economic development.
34123  Applleation of general benefit stand-
ards to flood control programs.

b C—F,

94130 Prerequlsites to evaluation proce-
dure.
34131 Evaluation procedure.
34152 Irratlonal use,
341.33 Presentation,
Subpart D—Benafit Measurement
34140 Characteristica of flood plaln man-
agement benefits.
34141 Fiood damages without project.
34142 M t and projection of phys-
leal food losses.
341.43 Projectlon of buslness and financial
losses.
34144 DProjectlon of emergency costs,
34145 Inundatlon reductlonm benefit.
341.48 Locatlon benefit.
341.47 Intensification benefit.
See.
341.48 Remalning flood damage sltuation:
Categorization.
34140 Remalining ficod damage situation:
Diaplay.
Subpart E—Valldation of Benefit Evaluation
341,50 Methods for adding valldity to bene-
fit evaluation.
34151 A ptlons and hypeth
341.52 Probabllities of occurrence.
341.53 Specific checks.
Avr imrry @ Flood Control Act of 1836,
5 . 74-738 (23 US.C. 701a), June 232,
“Ja'sr Resources Councll, Principlea
and Standards for Planning Water and Re-
lated Land Resources, 38 FR 14778-14869,
September 10, 1073,

Subpart A—Introduction

§ 341.10 Purpose.

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 1s one of
the objectives contained in the Prin-
ciples and Standards of 10 September
1973.

§311.11 Auhority.

fa) Flood Control Act of 1936, Pub, L.
T4-738. 33 USC T01a, 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.

§3 I-_l.!2 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: eg. (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}b.

“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 peint 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 occupled
by a similar activity type 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 s practical mat-
ter, these costs will usually preclude use
of occupled sites unless the useful lfe
of the structures is near zeto.

“Area affected.” The area affected by a
proposed plan is the flood 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. Velue is measured either as gross
income (revenues) or as ofther total
output for non-monetary activities, such
as schools (value, actlvity, 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
incresse in the Nations' output of goods
and services and/or an improvement in
ecollomic efficiency caused by a project.
NED benefits are categorized according
to their effect on sctivity decisions as
inundation reduction benefit, location
benefit, or intensification benefit.

“Benefit standard.” The willlngness 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 plaln 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-
terloration and/or obsclescence. Deterlo-
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ration is reflected by wear and tear, de-
cay or structural defects, obsolescence
oceurs 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 Natlon's output of goods and services
and improving national economic effi-
ciency.

“Economic efficlency.” The objective of
prodducing 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).

“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 spect-
fied magnitude; reciprocal of the ex-
ceedence frequency per 100 years. In an
annual flood series, the average interval
in which & flood of a given size is ex-
ceeded as an annual maximum. In a par-
tia]l duration series, the average Interval
between floods exceeding a glven siza
regardless of their relatlionship to any
period of time. It should be noted that
& flood corresponding to a 100 year aver-
age exceedence Interval is not expected
to be equaled only once during a 100 year
perlod. A 100 year exceedence interval
flood magnitude can be expected to be
exceeded one or more times one out of
four perlods 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 fleoding).” A probability that an event
selected at random, the most extreme
event within each sequential time period
of & 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 cutputs 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
propertles of floods are an important
variable in determining and projecting
flood damages.

“Flood control project.” (a) Broadly,
& synonym for flood plain management



pls.n' (b) Narrowly, a structural project
.'f whomanever undertaken.
Flood damages.” (a) Broadly, dam-
ages caused by a flood; (b) often “flood
" mean age annual dar
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 & reduction in
costs which contributes to economic ef-
ficlency (synonymous with inundation

damages).

“Flood dameages prevented.” Flood
damages with a plan or project deducted
from damages without the plan or

“Flood plain management plan™ A
plan for responding to the adverse effects
of flooding (flood). This plan may
envision estructural measures, flood
proofing, zoning, management, or a

bination. This regulation provides
for choosing plans on the basis of the
economic development objective.

“Gross Income.” Total return to an
sctivity. 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 cholce and use of an index
is often critical to the accuracy of pro-
Jections. Therefore, use of one item to
Indicate clianges 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 items, and (3) determin-
ing the lkelihood that the relationships
will continue over time and the nature
of possible variances.

“Infrastructural Jocational advantage.”
Bee locational advantage.

“Intensification benefit.” Benefit which
arlses 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 & proposed plan, It is the walue 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-
tection. A major source and starting
point are land use meps, with support
data, determined by responsible local,
regional and Federal agencies. The detail
number of levels of protection and num-
berotyuatslsndmmdhepm]ecud
will vary with the plans being considered
‘and the area being studied. The level of
detall should be based upon the criterla
of whether formulation and justification
are affected. .

“Location advantage.” For any given
demand for land, the desirability one
parcel of land may possess over another;
and n.dvmlau may be pm'siee.l. Aes-
thetic, nf At
thereof. The former l.m:ludes slope, foun-
dation, potential for flooding, svaf.labllity
of water; Infrastructural locational

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 associated costs 15 one way,
where it i= 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, ete.).
‘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 avallable. 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 advant:ges.
Interviews with experts may also be help-
ful. Where the infrastructural advantage
cannot be measured either directly or by
associated devliopment costs, the advan-
tage should be listed qualitatively by
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 publle
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 1s net income for
users and is the benefit attributable to a
flood control project. It 1s emphasized
that net income 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
rescrvoirs, major long-term urban pro-
tection and main-line levees. It Is 50
years for all other fiood control measures,

“Physical lochtjonal 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;
(b) economic

“Profit.” Smnnmus with net income,
Bs used in this regulation.

“Project.” See flood control project.

“Protection.” A measure of the level
of & ﬂood protection or plan, generally

d by the dence frequency
protacted 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.

“R ining flood d: " Flood
damages which will occur even with &
flood plaln management plan (flood dam-

ages, flood damages prevented).

"Bensitivity analysis.” The calculation
of the rate of ch.anee of the ohject.ive
functi with resp to a par
parameter. An anslysis of the compo-
nents of a plan based upon alternative
assumptions and/or projections to de-
termine if a change in & measure would
appreciably affect plan choice, design or
schedule.

“Slte operating costs.” The costs of op-
erating a given activity on a given par-
cel of land. The difference is & compo-
nent of location advantage. (site develop-
ment costs, associated costs, development
costs, location benefit)

“Threshold level.” For a given activity
and year, the protection level at which
the activity is indifferent to locating on
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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.

"Uneconomjc ' An went which ia not
economically t
ality.)

“User.” BSynonym for benefiting
activity.

“Value.,” In this regulation, wvalue
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.

“Willlngness 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.

“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 actlon, 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 efficlency, 1s 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 their value to the user. In-
creases in crop ylelds, expanding recrea-
tlonal 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 lnadequate 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 eonlrol

velopment objective.

A varlety of programs, such as flood
plain management (including flood con-
trol and prevention), drainage, reduction
of sedimentation, land stabilization and
ermlm mt.rol. mtribuh tto the na-

bsf improving the net productivity of
fiood 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 avallable for
use elsewhere in the economy to
increase natlonal economic output. Thesa
programs affect land resources and con-
sequently the output of activities in the
following manner:

(a) Prevention or reductlon of Inunda-

tlon arising from stream overflow, over-

land water:ﬂ.ow. h]‘h m stages, hlsh
tides, and prevention of damage from
inadequate drainage.

(b) Preventlon or reduction of sofl ero-

{c) Removal or reduction of limita-
tions on uses of specified land resources.




(d) Adjustments in the manner and
mode of Aood 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

esg 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 eam 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-
1ty 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.

{¢) Net income. Net income 1s 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 cutput.

(d) Non-national business and flnan-
cial losses. Losses to benefiting commer-
cial activities which are compensated
through Increased business off fiood plain
are not national losses.

(e} Externalities 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
area when calculating final benefits of
& plan.

§341.23 -Application of g 1 benefi
standards to flood control programs.

While there 1s only one benefit stand-
ard, there are three benefit categories
thereunder reflecting different actlvity
decisi made in resp to the reduc-
tion of flood flows or hazards which re-
sult from a flood control plan; ly:
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§341.30 Prerequisites to evaluation pro-
ccdure.

The following provides a description

of those elements which are common
to a consideration of all fiood control In
the plan formulati and Juatl
process. Special consideration should be
given these elements during the study,
and they should be described 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 polential flood damage. Such
plans will normally involve a combination
of measures, regardless of sponsorship,
for modifying flood flows and/or reducing
damege 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 terms 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 ares under evalua-
tion without a specific plan, The four
eases that follow illustrate and clarify
the appropriate without condition.

(1) No alternative action in the ab-
sence of @ Corps plan of action. In this
case, the appropriate without situation is
that which will exist in the absence of
any Corps action.

12) Alternative action elready taken by
other pariies. 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) Alternative action iz anticipated
to be taken before Corps action. In this

case, the appropriate Without situation
includes such anticipated protection but
without further action 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-
ation is that which will exist in the

(a) Inundation reduction benefit. An
activity uses the flood plain exactly the
same with and without 2 plan. The bene-
fit is the increase in net income to the
flood plain activity. For activities not now
on the flood plain, this benefit will occur
only when # can be demonstrated that
the activity will have a larger net income
at the flood plain site than at the next
most efficlent available alternative site

(as defined in § 341.3 of this parl) with-
out the plan.

(b) Intensification benefif. A com-
mercial, industrial or agricultural activ-
ity on the flood plain modifies its opera-
tlon because the reduction in potential
flood damages makes it profitable to do
so. The benefit 1s 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 efficiently under project con-
ditlons by intensified operation on the
existing acreage as opposed to increasing
production elsewhere or bringing new
areas into production.

(¢) Location benefit. An activity uses
the flood plain with & plan but not with-
out, as & result of the reduction in po-
tential fiood damages. The benefit is the
difference in net income to the new ac-
tivity comparing the flood plain site to
the alternative off-fiood plain site which
would be used without the plan less the
difference in net income for the activity
displaced by the new activity.

b of action by any party, as in (b)
(1) of this section. The rationale for this
is that In formulating plans, evaluation
of avallable alternatives (structural,
non-structural and mixed) must be
undertaken. Likewise a choice 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) Application 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 & Corps plan. This s
to insure that Corps evalustion proce-
dures conform to Federal policy.

(1) Regulation certified or near certifi-
cation. The Corps dffice will assure tself

ance Administration (FIA) as adequate
under 24 CFR 1910.3(c) and/or (d) and
24 CFR 1810.5. In such cases, the without
conditions are developed pursuant to the

(2) Regulation not yet certified. It will
be. assumed that the local jurisdiction

regulation presently in effect. The regu-
lation assumed will include the following
two crucial features: No further develop-

will report this finding and the reasons

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 s benefit category is an
example. For the time being, no further

h in evaluation p d will be

made.
(d) Ecomomic rationality. The with

of plan W

tHon.

Plan to 1 years
date of receipt of
initial

or implementation



() Period of analysis. The period of
analysis is 100 years for major reservoirs,
major long-term urban protection and
main-line levees. It is 50 years for all
other flood control measures. The period
of analysis is the time horizon over which
needs shall be assessed mrgulg-ﬂn basls

100 year periods. Projections beyond 50
years are difficult to support. Therefore,
nelther 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 ln undis | -

average an
nusal values for the current year, the base
vear, and by decade thereafter. Account
will be taken of projected hydrologic,
demographic, and economie changes. Av-
erage future hydrologic conditions shall
not be used.

(1) Price levels. Beneflts and costs shall

and Related Land Resources Planning,
Feh. 1974, and subsequent revisions, for
all projects covered by the Principles
and Standarda and related guid
§ 341.31 Evaluation procedare.

There are five major sieps necessary
to 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 studled and should

existing damages )
or nearly justify the proposed plan, will
normally require less detail
future benefita than a plan justified pri-
marily on future conditions.

(a) Delineation of affected ares. The
area affected by a plan consists
of the fiood plain plus all other areas
Hikely to serve as alternative sites for any

the following characteristics: Popula-
i-!am= personal income, manufacturing

1t and output, and agricultural
output. For any given ares, additional
projections may be necessary depending
upon the potential uses of the flood plain
and the sensitivity of the plan to thess
projectl 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 projectiona such as those

is 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.

(c) Estimation of land use demand.
Land use demand within the affected
area is obtained converting demo-

land use demands established In para-
graph c of this section. Emphasis will be
placed upon those characteristics which
which distinguish the flood plain from
other portlons of the affected area. The
following categorization should be used
as a guide.

(1) Inherent characteristics of a flood

:  Flooding:
floodway, Da storage; open space,
Tecreation, wildlife, wetlands; transpor-
tation; and other.

1) Flooding. A description of the flood
situation will be presented, including s
hazard areas. This

Working circumferentially from the flood
plain, alternative available areas for each
such use must be specified. Sufficlent area
must be included to insure that the af-
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) Projection of anticipated activities
the affected t of
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including 100 year frequency,
floods and BStandard Project Flood
(SPF). Bes also § 341.41(c) (1) of this

(1) Floodwway, natural storage. A de-

ion and delineation of those areas
whhh.umﬁan!mdorsh'uctmﬂrpm-
tected, would affect natural storage.
veloclty or stage, or in any way affect

Hife preserves, particularly those proxi-
mate to an urban area. The potential ol
the flood plain for these purposes must
be recognized and presented.

(tv) Transportation. Flood plains near
navigable streams have inherent attrac-
Hiveness for industries which demand
water-oriented transportation. Flood
plalmahommudtutornﬂ—
roads, highways, pipelines, and related
facilities which sre not susceptible to
serlous flood damage yet tend to attract
industry to the area

(v) Other attributes. Other inherent
attributes include: Sofl fertility, reliabil-
uyotwammwb,wmdhml.md.
mineral and gravel deposita.
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(3) Physical characteristics. The ex-
istence of certaln physical characteristics
may effectively preclude use by some ac-
tivities llkely to compete for flood plain
land. For example, 1t may not be feasible
for certaln types of heavy manufactur-
ing activity to locate In areas possessing
unfavorable soil foundation character-
istles. Therefore pertinent physical char-
acteristics should be described, includ-
ing slope, soll types, water table, among
others.

(3) Available services. Most activities
require some.or all of the following
services: Transportation facilities (high-
ways and rail), power, sewerage, water,
availability of labor force, and the like.
The svailability 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.

(4) Erisling 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 the
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-
ficod 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: (1) The flood
plain characteristics; (1) the character-
isties sought by potential occupants; and
(iif) the awvailability of sought-after
characteristics in the non-flood plain
portions of the affected area.

(2) Criteria. The principle of economle
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 snalyst must de-
termine whether they o potential
fiood losses. Flood losses include those to
the benefiting activity and to those ad-
ditional activities induced to use the flood
plain; eg., 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 is delineated by Irequency of

. (Bee §341.13, “Exceedence
Frequency” of this part), under “with-
out plan” conditions, from which the

id of all benefits shall be specl-
fied. This should include flood magni-
tides with exceedence intervals of 25, 50,
100 years, the standard project flood and
the design flood.

(3) Procedure. A consistent procedure
will be spplied 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-
asgement strategy. If so, proceed to next

step.

(1) Eliminate all uses for which the
flood plain offers no advantages and all
activities which cannot tolerate flooding
or flooding of & certain type (e.g., high
velocity) .

(1) For uses attracted to the flood
plain, a st of advantages in rison
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 & r
should be paid to minimum characteris-
He requirements of each activity type
(e.g., ground surface slope may not ex-

‘Where

pxplicitly quantified.
*» (1) For advantaged uses, an estimate
of potential flood losses should be pre-
sented, Often economic losses are mini-
mal; e.g., green belts, municipal parks,
meremuorthguseofsmmeopen
space. In such cases, continued flood
plain use mey be sssumed. Often & high
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level of protection will reduce potential
losses for any activitr i all areas of the
flood plain to negligible amounts. In such
cases, those activities for which there is
& 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 guldelines; residential in-
terviews; and business interviews are all
methods by which such a determination
can be made short of detailed quantifica-
tion.

§ 341.32 Trrational use.

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 apparently ra-
tional; e.g., single family residential use
in frequently flooded areas. This should
be confirmed in several ways. One is by
direct interview of occupants; eg., 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 ratlonal. 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
local 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 simllar non-struc-
tural plans or plan components.

§ 341.33 Prescniation.

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 M +

§341.40 Characteristics of flood plain
management benefits.

The use of a flood plain is likely to
change even in the absence of a flood
plain management plan. This change
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
a project may be encouraged to intensify
their use because of & plan te.g., where
a shift from lower to higher value erops
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 oscurs).
This benefit 1s referred to as a “location
benefit",

§ 311.41 Flood dumages without project.

The determination of the level of ex-
{sting and future flood 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 actlvity af-
fected by & 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 thelr 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 varlous economic losses other
than direct physical damages and emer-
geney 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.

(31 Emergency costs will include those
additional expenses resulting from =
flood that would not otherwise be in-
curred, such as evacuation and recccu-
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) Eristing flood damages without
project. Existing flood damages are po-
tential average annual damages to ac-
tivities affected by flooding at the tme
the study is completed. Existing damages
are those either expressed for a given
magnitude of flooding or as computed in
the damage [requency process. No projec-
tion is involved. The basis for the deter-
mination of existing damages shall be
losses actually sustalned 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 of damages under existing condi-
tions for floods of magnitude which have
not historically occcurred must be com-
puted. Average annual losses will be esti-
mated by using standard damage-fre-
quency integration technlques.

(e} Future flood damages without’

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
s 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 sltuations where
a project level of protection may be to-
tally unacceptable by the end of the
planning period.

(2) Ecomomic changes. Economic
changes can be expected to result in &
change in the level of fiood 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 ratlo 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
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control benefits should be comparable
to benefit estimates for other purposes
(e.g., water supply).

§34142 M nt and projecti
of physical flood [oms,

ement and projection of flood
damages must be based upon the estab-
Hshmenl. of n-ctual. observed relation-
ships b en flood charact
istles, and those indleators 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
constraints which change the historl-
cally derived relationship between flood
damages and & given independent varl-
able. Basically, damages are a function
of the number and value of each physi-
cal unit of properts in the flood plain
adjusted for the dimage susceptibility
at each stage of flooding. All of these
interrelationships inust not only be made
explicit in the apalysis, but thelr 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; estl-
mating the future value of units; and
determining damage susceptibility of
units.

(&) 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 physl-
cal units can be obtained by relating the
number of acres to density, persons per
dwelllng unit and similar ratios. These
ratlos can be expected to change over
time; however, major shifts would be
improbable. Several ratlos 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 family 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 Hw density multiple.
Single family residences should be clas-
sified as conventional or mobile home
units. Type of construction is also lm-
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., Te-
tail, wholesale, warehouse, professional
and administrative, highway commer-
cial, and other appropriate subcategories
affecting the value and damage suscep-
tibility of the physlcal unit. A causal re-
1ationship must be demonstrated between
t'.e activity projected (e.g.. warehouse),
and the independent variable (e.g., man-
ufacturing output within affected area).
The Interdependence between com-
mercial activity and related soclo-eco-
nomic Indicators should be closely

hecked for y and dependabll-
ity.

(3) Industrial. The number of indus-
trial establishments 1s estimated less
readily than commerclal or residential
This is because broad reglonal or natlon-
al needs will usually dictate the demand
for most industrial products. It 1s not
reasonable to assume that the ageregate
industrial output of an affected area will
be influenced by & 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
Iea.sible dua to the relatively small num-

ies likely to Py 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 83 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 Associatlon, the Federal Reserve,
and Resources In America’s Future,
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-
€ t offices, sewage treatment facill-
tiesy water treatment plants, and parks,
Man.yo!t.huecanbepmjectedmthu
future by determining physical require
ments as a function of the populutim
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 reglonal 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 bulldings, and
major universities. As with the industrial
cateew maximum use should be :ru:.ﬁet
mterﬂewaandeﬁahﬂshedmndhmplm
(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
s rule physical str on agri al
lands are umited to farmhouses, barns,
and related bufldings. The number is
generally a runct.ton of farm tm am:l
size. Estimates of p
such as irrigation equipment, and trl.c-
tors, In the flood plain may be based
upon regional and trends
in farm capital/output ratios or farm
capital/land ratios as well as model farm

able at this tims.)

and
in other areas slab foundations predomi-
‘nate; both affect damage susceptibility.

(4) Material used. Some materials are
imheren

the response to & flood hazard situation.

(8) Unknown commodities and ma-
terials. Increases in damages will not be
assumed where the nature of commodi-
ties and materials projected in the future

§ 341.43 Projection of business and
s iad |

Business losses can be projected to in-
crease in the future only under special
circumstances. The special circumstances
when it can be shown that future

compensated

§

Em cy costs e p s wide
variety of programs. Some, such as emer-
gency and food, are primarily &

value of reducing flood losses to activities

would locate on the protected flood plain
when compared to what these users
would earn in the absence of & plan. For
consumers, the benefit standard is de-
.:fneduthedlﬂeremhmthnmt

(2) For a d.lapl.md activity (if any),
calculate the net income difference
(whm ousts ucludehndrenlandﬂood

the alternative site
snd the fiood plain site. This step is

of the displaced

activities,
(4) As with all evaluation categories,
idual d 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 mthér activity locu.ws t.here
For examp

occurs on the flood plain, acbou!s. oum-
mercial businesses and other activities
will locate there also. This reduces the
benefit attr to the flood control

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 s project reflects the capitalized
in net assoclated with

5
|

iy

plan b to such
mmuumuubededuetedfmmuon

t5] Flood damages reduced to activ-
ities which have been displaced by the
induced activitles should be subtracted
if such reductions have already been
counted as part of an inundation benefit.
_ (6) External flood damages must be
Taken together, steps 4, 5 and
eunforathorwghmalymotm-
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 identi-
flable and quantifiable, and the displaced
activity is agricultural (or vacant).
(b) Threshold levels. The threshold
level is that level of protection at which

between location on the flood plain and
off the fiood plain. Viewed from a flood
frequency perspective, for example, an
may be Indifferent to moving

ontothsﬂnudnhlnu-su-yearlewof
pr d. Any level of

fully considered whenever land values are
used in the benefit algorithm.

§ 341.46 Location benefi.
The Jocation benefit is the value of

Iac.ntlon benefits are narrowly defined

this regulation. The benefit for pro-
dmmhthedlﬁmmthenetmme
accruing to users of land resources which
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protectlon ahuve 50 years, therefore,
would induce the activity onto the pro-

level may be quantified in terms of flood

damages reduced to the new activities.
dmuuraduoedhtheolduﬁv—

tt_vmwbe btracted to avold doubl

(1) Rationale. The method is analo-
gous to the use of fiood damages reduced
measure the Inundation benefit. It
that in the case of inunda-
the threshold level of pro~

on.
suggested methods of meas-
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proach would be particularly useful in
intensification situations and for.indus-
trial, commercial, and home construction
firms which are already in the general
ATEA.

(i) Institutional sources. Varlous
sources on Information include: local
flood control districts, local zoning ordi-
nances and Federal flood plain manage-
ment offices.

Uy Flood damwes 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 technigues 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 ch 1 works ind
residentlal development in a nearby
area, the 50-year protection threshold
level for the study ares 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
glain which are not subject to large

amages.

(vl) Prior determinations. Where a de-
talled 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 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.
The value of land s established thmugh
market tra tions and is infl d 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 hizher order of use.
Consequently, market land 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 & plan. Thus, there
are two uses of changes in the market
value of land.

(1) Location benefit to users. The ben-
efit 1s the difference in the market value
of flood plain land with and without a
plan.

() With plan value. If the plan does
not result in a major additlon to the
supply of land in the area, the value
with protection s 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 sccount 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
avallability, transportation, soil stability,
utilities, amenitles, and so forth.

1) Without plan value. The value of
nearby flood plaln 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 snd anticipated. infrastructural in-
vestments (e.g., highways, water supply,

ete.), In addition, the comparable with-
out project sites should not be flood free
agricultural sites.

() 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 nddition, the comparable sites
should be displayed on & 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 zoning
and to parcel size. Market values may be
obtained from reports of land transac-
tlons, appraisals and assessments and
other sources depending upon data
availability and reliability.

) Ce tation of benefils from
market value data. The Federal rate of

s because of the difficulties in convert-

ing a nominal private rate of return to a
real rate of return by adjusting for in-
flation. Of course, residual damages to
induced activities must be deducted. In-

(2) Effects from externalities. In addi-

space, nearby activities may suffer losses.
These losses would be reflected In & de-
cline in land values in the nearby areas.

fit calculation.

. §341.47 Intensification benefit.

The intensification benefit is the value
of & plan to activitles 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
yields or converting woodland or pasture
to crops. This same type of benefit can
accrue in urban settings, For example,

wners 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-
tlon 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-
1ists. Residual flood losses to these inten-
sifled activitles must also be considered
when calculating net flood damwes.

(a) Direct
and costs are usually available ror 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-
ticlpated net productivity galns in agri-
culture for the area under analysis.
Factors of production should be made
explcit. The analyst should utilize ex-
pert opinion, past trends and data from
“model” farms such as those run by agri-

ductivity is the increased ylelds and
price per acre adjusted for
mmmwu.mm;m

damages sssoclated with the new oper-
ation. Under the majority of circum-
smltmbemumedthﬂminﬂ--
wdu&lm}ecthnkﬁy influence the
productive practices of agricultural ac-
tivity elsewhere. Although extremely
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difficult to measure, the cumulative effect
of agricultural intensification benefits
for each project should reflect the net
reduction in agricultural income Ilost
elsewhere because of the project. This
means that the benefit is limited to the
savings In cost for induced

when compared to production on upland
areas, and must be so calculated when-
ever possible. In no case may this exceed
theuﬂmlnthemtf:rmdmm-

level

©) Harketvaluoflcud.hdiseumd
under inundation reduction and loca-
tion benefits, market value 1s normally
not preferred as & measure of benefits;
althous‘hltdaupmﬂdeumemlchecx
other techniques and may serve as

tmdheneﬂtwoﬂ-h.
§34148 R i flood d. mit-

uation ICIWM

The remsaining damages are those
which are expected to occur even with
a flood plain management plan in opera-
tion. Categories of remaining damages

are:
(s) Damages to activities which would

ares of the flood plain (e.g., by floodway
encroachment). such effects are a part
of the remaining dam

(b) Damages to uﬁvitlu which would

(¢) Increased damages to activitles
outside the protected area under the
with—as compared to the without—con-
dition. For example, the plan itself or the
development induced by & plan may
cause increased or new flooding on the
fringe of the flood plain or up and down-
stream. Buch external effects are s part
of the remaining damages.

§ 341.49 Remaining flood d sit-
uation: Dis

The quantity and nature of remaining
flood!

and recommenda

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

any given plan, and In order that plan
induced losses are not overlooked, it Is
most important that remaining losses

parame
(a) Average annual equivalent resid-
wal flood losses. Buch losses are to be



curs when s serjous danger to life exists
or extensive property damage results. It
is possible that a plan may be effective
in average annual flood losses

it center. A
plan could actually increase the
potential by inducing

g
B
§

tary services) and the distance to umaf-
fected essentinl services, the depth of
flooding, and anticipated warning time,

Subpart E—Validation of Benefit
Evaluation

341.50 Methods for adding validi
s bueﬁtuduﬁu:. Wik, te
The following 15 & brief discussion of
several methods by which the planner
can improve credibflity of the

whenever there i3 any significant ques-
tion regarding the validity of the under-
lying analysis.

() Sensitivity analysis. Bensitivity
analysis is a necessary feature of any
good, multivariable analysis. The plan-
ner cannot be satisfled with the defini-
tion of a plan for resource (e.g. land,
water, recreation, etc.) allocation that
1s optimal for a specific set of-conditions
if the plan is particularly sensitive to

be applied whenever practical, statisti-
eally sound sampling techniques can be
utilized In the collection of data on flood
plains and their 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 & total survey ap-
proach in terms of accuracy and consist-
ency. In addition, the planner is in a po-
gltlon to predetermine a sample size
which will produce results 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, opiimal solu-
tlons and overall estimates of study re-
sult probability for further plan formu-
lation and evaluation.

(¢} Quantifying variable relationships
Whenever & cause and effect relationship
is 1 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 introductioninto plan formu-
lation and evaluation. Whenever this
same relationship i= projected into the
future, the source of the projected, in-
dependent variable must be cited and the
final regression coefliclents conspicuous-
1y 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; eg., &
measure of the dispersion of the actual
wvalues of ¥ about the regression line,
similar to the variance or the standard
deviation for the mean average of the
previously discussed sample. There are

cent and 2 45 percent were also tested and
resulted in less than § percent change in
aggregate water supply requirements and
& 3 percent change in total benefits, with
no change In project design implied.”).
It should be noted that many assump-
tions p & certain istency. These
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Appendix E

LEGISLATION AFFECTING REGULATION OF
FLOOD PLAINS IN COLORADO

1. U. S. Flood Disaster Act of 1973 (PL 93-234)

-~

2. Colorado HB 1041 Concerning Land Use

3. Model Flood Plain Regulation of the Colorado Water
Conservation Board 84 Stat, 1744,
42 USC 4401
note.

Public Law 93-234
93rd Congress, M, R, 8449
December 31, 1973

n dct

To expnmd (he witional fheul lusnrance program by sobstantinlly inerensing
Himits of covernge nmd total nmonnt of surance authorized o e onlstomling
and by requiring known Bosd-prome ool nitles to partivipate in the pro-
grom, and for other porpeses,

g

Be it enacted by the Senate and House of Reproacatutives of the
I'nited States of Amevicw in Comgress aaembled, That this Aet may
be rited as the “Flood Disaster Protection Aet of 10737 Flood Disaster
Protestion Act

82 Stat, 575,
of 1873,

PINIMNGE AND DECLARATION (F FURMNSE 47 USC 4013,

(4) “iinancial nssisianee for acguisition or constroction por-
poses” means any form of finmcial assistanee which is intensded
i whole or in part for the acguisition, eonstruetion, reconst

tion, repuir, or improvenient u} any publicly or privately owned
tmilding or home, and for any machiners, equipient,
tixtures, wnd foenishings contained or to be contained therem. amd
shall include the purchase or subsulization of mortgages or mort-
e Toans bt =hall exehude assistanee for emergmeney work essen-
tinl for the protection md preservation of life and property
performed pesuant to the Disaster Relief Aot of 1970 o any
stlsequent et of Congress which supersedes or madilies the
Drigaster Reliel Aet of 1970
(3) “Federal instrumentality n\.nirr:nsibfo for the supervision,
npproval, reglation, or insnving of banks. savings and fown asso-
clations, or simifar institutions™ weans the Boand of Governors
of the Federal Reserve Svstem, the Federal Deposit Insueance
Corporation, the Comptroller of the Currency, the Federal Home
Lonn Bank Bonrd. the Foderal Saviugs and Loan Insurance
Corporation. and the National Credit Unien Administration ; and
(1) “Secrvtary” menns the Secrctary of Ionsing and Urban
Development.
{(h) The Secretary is anthovized to define or vedefine, by rules and
reamintions, any scientific or teelinical term nsed in this \ct. insofar
ez such definition is not inconsistent with the purposes of this Aot

TITLE I—EXPANSTION OF NATIONAL FLOOD
INSURANCE PROGRAM

INCEEASED LIMITS OF COVERARE
See, 101 (a) Seetion 1%L (13 (.\) of the Xational Flomd

Tnsneance et of 1068 is amended to read as follows:
*{A) in the ease af residential propertics—

Sec. 2. (n) The Congress linds that—

(1} annual losses thronghout the Nation from floads and mud-
sliskes are inerensing at an alarming vate, largely »s o result of
the aceelerating development of, and concentration of population
in, areas of Aend and mundslide hazads;

(2) the availability of Federal leans, grants, guaranties,
insurance, and other forms of financial assistance are aften
determining factors in the utilization of lnnd and the Ineation
and construction of pubilic and of private industrinl, cofmercinl,
aml reeidential fucilities; .

(#) property acquired or constructed with grants or other
Federal assistanee may be exposed to risk of loss throngh floods,
thus frustrating the purpose for which such assistance wns
extemded ;

(4) Federnl instrnmentalities insnre or otherwise provide
financinl protection to banking and eredit institutions whose assets
inelude & substantial number of mortgmye loans and of hel
edlness seenred by property exposed to joss and danm
Aoods and mudslides ;

{5} the Nation ennnot afford the tragic losses of life cansed
antunlly by flood ocenrrences, nor the incrensing losses of |vmr-
erty suffersd by flood victims, most of whom are still inadequately
;mnpl‘l:;nlvd despite the provision of costly disaster reliel bene-

E55 nin

{6) it is in the public interest for persons already living in
flooxl-prone areas to have both an oppartanity to purchase flood
inswrance and access to more adequate limits of coverage. 5o that
they will be indemnified for their losses in the event of future
fiood disasters,

(b} The purpose of this Act, therefore, is to—

(1} substantially increase the limits of covernge anthorized
nnder the national food insuranes program;

(2) provide for the expeditions identification of, and the dis-
semination of information concerning, food-prone arvas:

(3) require States or loeul communitics, as a conditisn of
future Federal financinl nssistance. to participate in the flood
insurance program and to ndopt adequate flood plain ordinances
with effective enforcement provisions consistent with Federal
standarils to realnng or a]lvo&:l ffn;nm]ﬂwl losses; amil

{4) require the purchase of flood insnrance by property owners
who are being assisted by Federal programs om I»derll]y
supervised, regulated, or insured agencies or institutions in the
acquisition or unprovement of land or facilities located or to be
located in identified areas having special flood hazarda.

H-738 (188} ©

Pub., Law 93-234 -2 -

DEFIXITIONA

87 STAT, 978
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not to make, inerease, extend, or renew after Hie expira

i) S50 amrremate

inbility for any single.family

dwelling. and $100,000 for any residential structure contain-

ing more than one dwelling unit,

“(i) RO ageregate liability per dwelling unit for

any eontents related to such nnit, and
“(iii} in the States of Alaska and Hawnii,

and if the

Virgin Islands and Guam. the limits provided in clanse (i) of
this_ sentence shail be: $30.000 aggregate linbility for any
single-family dwelling, and $150,000 for auy residential
structure eontaining more than one dwelling wuit;".

December 31, 1973 . Pub., Law 93-214
(b) Section 1306(b) (1) {18) of such Aect is amended by striking ont
“210,000” and “$£5,0007 wherever they appear and inserting in lieu
thereof “$100,000™, )
(c) Section 1306(b) (1) (C) of such Act is amended to read as
follows: X .
“(C) in the ease of church propertics and any other properties
which mny become eligible for flood insurance under section
1305—
“(i) $100,000 agzmegate liability for any single structure,

and
| :3 $100,000 ngrzregate liability per unit for any contents
relnted to such unit ; and.”

REQUIREMENT T PURCIIASE FLOM INSURANCE

Ske. 102,
of enactment of this Act, no Federal allicer or agency shall approve
any financial assistance for acquisiti
use in any area that has Teen identifivd by the Secretary as an area
having speeial flond hazards and in whicl the sale of flood insurance
hias been made available wnder the National Flood In ce Act of
1968, nnless e Duilding or mobile howe awd any personal property
to which sneh financial assistance relates is, during the anticipated
eeonomic or useful life of the project, covered by flood insuranee in
an amonnt at least equal to its development or project cost (less esti-
mated land cost) or te the maximwm Jimit of covernge made avuil-
able with respeet to the partiewlar type of property under the Nat ioaal
Flood Tusueance et of | liiehever is less: Proeided. That if the
financial assistance provided is in the form of a loan or an insnranee
or guaranty of & loan, the amonnt of flosd insnrance required neel
not oxeeed the entstanding principal balinee of the loan and need
ot be requived beyand the term of the foan, .

(b} Each Federal insteumentality responsible for the supervision,
approval, regulation, or insuring of banks, savings amd lo
tions, or similar institutions shiall by regulation direct sue

(a) After the expiration of sixty days following the date

o of sixty
ilays following the date of enactment of this Met any loan secured by
improved real estate or a mobile home located or to be Toeated in un
aven that has Leen identificd by the Secretary as an area having special
fond hazards and in whieh Bood insuriner hns been made available
under the National Fload Tnsurance Aet of 1968, unless the building
or mobile home and any personal property soruring such loan is
covereil for the term of fhe loan by Aood insurance in an ammmt at
Ieast equal to the outstanding principal balanes of the loan or to the
waxinmm limit of coverage made nvailabie wirth yespeet to the partic-
wlar type of property nuder the JAet, whichever is less, )

{¢)” Notwithstanding the other provisions of this section, Aol
inswrance shall not be required on any State-nwned property that is
covered under an adequate State policy of self-insurance satisfactory
to the Secretary. The Secretary s!mll publish and perimlically revise
the list of Stutes to which this subsection applics.

ESETARLIRIMENT 0F CHARGEARLE RATES

See. 103, Section 1308 of the National Flood Insurance Act of
1968 is nmended by striking out subsection (¢} and inserting in lien
thereof the following new subsection: L

#(¢) Notwithstanding any other provision of this title, the charge-
nbie rate with respect to nuy property, the construction or substantial
improvement of which the Secretary determines has been started after

tion or construction purposes for”

87 TTAT. 573

B2 Stat, E75.
42 USC 4013,

a5 Stat. 775,

3 Stat, 297,
42 UsC <002,

B7 Stat, S572.
42 USC 4001
note.

Siate—omned
property,
exemptlon.

82 Stat. 576,
42 UST 4015,



87 STAT. 979
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17 Stat. 587,
a2 use 4101,

42 USC 4014,

82 Stat, 577.
42 USC 4016,

Report to aom=
gressioml pom=
mittees,

B2 Stet, S8,
42 USC AD26.

83 Stat, WA}
55 Stats T75.
42 USZ 40564

w2 Stat. S0l
iy Siat. M.
47 UsC 4121,

42 USC 4001,

December 31, 1973

December 31, 1974, or the effective date of the initial rats maj pub-
lished Ly the Seerctary under paragraph (2) of section 1360 ?or the
aren in which such property is locuted, whichever is Inter, shall not
e less than the upplicable estimated rivk promium rate for soch aren
(or sululivision thereof) under seetion 1307 (a) (1).7

FINANUING

See. 104, Section 1500(n) of the National Flool Tusurance Act of
1% is amended by striking out all after the seniicolon and inserting
in lien weof the following : “except that the total amount of notes
awml obiliz ims which may Le issned by the Seerctary pursuant 1o
such authority (1} without the approval of the President, may not
exered SHD00.000, and (2) with the approval of the Prosident, may
not exceed SLOMOM00. The Seervtary shall report to the Commiittee
on Banking and Currency of the Howse of Representatives pid the
Committee on Banking, Flousing and Urban Affairs of the Senate
at any time when he requests the approval of the President in aceord-
ance with the preceding sentence.”.

PROGRAM EXPFIRATION

SEc. 105, Section 1419 of the National Flood Insurance Act of 1068
is amenled to vead as follows:

SPROGRAM EXPLRATION

“Spe, 1M, No new contract for flosd insuranee under this title shalt
I entered into after June 30, 1977.7,

EMERGENCY TMPLEMENTATION OF PRGRAM

See 106, Subsection (a) of section 136 of the National Flood
Instrance Aet of 1968 is amended by strik the date “December 31,

19757 aned inserting in lieu thereof “Devember 31, 1975™,

DEFIXITIIN OF FLIOD

Spre 10T, Section 1370(b) of the National Flood Inswrance Act of
1962 i winended by inserting “proximately™ Le fore “ennsed™.

EXTEXSIN OF FLOOD IXNSURANCE FEGGIEAM TO COVER LOESEN FROM KROSION
AXD UNIEEMINING OF SHORELINES

L Nk, 108, (a) Section 1R of the National Flood Tnsurance Act of
is nmended by adiling at the eml thervof the following new sub-
8

“fa) The Congriss also findds that (1) the dumnage and loss which
oy resule from the erosion and undermining of shorelines Ly waves
or enrvents in lakes and other bodies of water exceeding anticipated
evelieal levels is related in cause and similar in effect to that which
results directly from storms, debuges, overflowing waters, and other
forms of looding, and (2) the problems invelved in providing protee-
tion merminst this damage and loss, and the possibilities for mnking such
protection available theowgh val ar federally sponsored pro-
e, are similar to these which exist in connection with elforts to
provide protection sgaingt damage and loss cansed by sueh other forms
of flonding. It is therefore the further purpose of this title to ke
available, by means of the methods, procedures, and jostrumentalities
whirh are otherwise estublished or available wnder this title for pure-
poses ol the flood insurimes program, protection ngeaint damage and
Teesst vesultinzr from the evazion amd wulermining of shorelines by waves

-5 Pub. Law 93-234

&7 STAT, %80

or currents in lakes and other bodies of water exceeding anticipated
+ eyclical levels.”. ;
(b) Section 1370 of snch Act is amended by adding at the end there- 52 stat, se8;

of the following new subsection :

83 Stat. 397.

() The term fload’ shall ulso include the collapse or snbsidence 42 Usc 4121,
of land nlong the shore of a lake or other body of water as a result of "Flood.”

l;'l‘ﬂsiu

T llnlleuuiniugl enused by wauves or eurrents of waler exceed-
ing anticipated eyclicnl

levels, and all of the provisions of this title

shall apply with respeet to such collapse or subsidence in the same

munner wnd to

the sume extent s with respect to flowds described in

ph (1), subject to and in_ accordunce with such regulations,
u the provisions of this title {incluling the provisions relat-

inge to lund management and nse) to the extent nevessary to insure
that they can e ellectively so applied, as the Secretary may prescribe
to wehieve (with respect fo such collapse or subsidence) the purpeses
of this title and the objectives of the program.”™.

ESTIMATES OF PREMIUM RATES

Sec. 109, Section 1307 of the National Flood Insurance Act of 1968
is amended by ndding at the end thercof the following new sub-
section:

“(d) Notwithstanding any other provision of law, any structure
existing on the date of enactinent of the Flood Disaster Protection
Aet of 1973 and located within .\rn{ulles. Evangeline, Rapides, or
Saint Ladry Parish in the State of Lonisiana, which the Secrctary
determines is subject to additional flond hazards as a result of the con-
st et or aperation of the Atchafalaya Dasin Levee System, shall
be oligible for flood insurnnce under this title (if and to the extent it
is eligrible for such jusurance wnder the other provisions of this title)
af preminm rates that shall not exceed these which would be applicable
if such additional hazards did not exist.”,

APIEALS

Sec. 110. Chapter ITT of the National Fload Insurnnee Act of 1968
is aended by adding st the end theeeof the following new section @

HarrEals

“spc. LG () In estublishing projected floml elevations for laml
use i oses with respect to any community pursuant to section u
the Secrctary shall first propose snch determinations by publieation
for comment in the Federal Register, by direct notifiention to the chief
exerutive officer of the commumity, and by publication in a prominent
Town | newspaper.

B2 Stat. 576,
42 USC 4014,

Anta, P.975.

82 Stat, 587.
42 UsSC 4101,

42 USC 4102.
Fublicst ion
in Fedaral
Register.

62

“(b) The Secretary shall publish notification of flowd elevation
determinntions m . prou
the ten-day period following notification to the local
During the ninety-day period follow the second pubilication, »
awner or lessee of real pmpert{ within the community who believes
his property rights to be ndversely aifected by the Secreiary’s proposed
determination may appeal such determivation to the local povern-
ment. The sole basis for such appeal shall be the possession of know]-
rlge or information indicating that the elevations Leing proposed by
the Secretary with vespect to an identified area having speeial flood
hazanls are scientifically or technically ineorrect, amd the sole relief

vernment,

u local newspaper at least twice during :::riludl‘hﬂu

}_' publication,

Flood eleva-

which shall be gimnted ninder the authority of this section in the event
that sich urwul is sustained in sevordance with subsection () or ()

LI
avvordingly.

BT STAT, 981
Appeals by
privats per=
sons.

Roview,

Fublicatiom
in Federal
Reglster,

Tnformation,
avellability,

BO Stat, 392,
§ uUsc 701,

B2 Stat, 583,
42 USC 4054,

iliention of the Seerctury’s proposed determination
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(e} Appeals by private persons shall be made to the chief cxeen-
tive officer of the community, or to such agency as he shall publicly
desimnate, and shall sot fortl the data that temd to negate or contradict
Seerctary’s fimling in such form as the ¢l
sperify. The « ity shall review and vonsolidate all sueh appeals
and issie o written opinion stating whether the evidence presented is
sufficient to justify an nppeal on behalf of such persons by the com-
munity in its own name, Whether or not the community decides to
appeal the Seerctarys determination, copies of individual appeals
sJIr.dl be sent to the Sccretary as they are receiwnlkhy the communily,
and the connmnn:

w

¥'s appeal or & copy of its decision pot to appeal

shall be filed with the Secretary not lnter than ninety days after the-

date of the secomd newspaper publiention of the Secreluy’s
notification,

“(al) In the event the Seervtary doos nol recvive an appeal from the
community within the ninety days rm\‘in'l-nl, he shall consolidate and
review on their own merits, in accortlance with the procedures set forth
in subsection (). the appeats filed within the commumity by private
persens and shall make such tinng of his proposed determina-
Fronis ns iy T npr!npnale, tak i inlo acrount the written o) pinion,
if any, sl by the community in not supporting such a]pp--n 5. ‘The
Secretary’s decision shall be in written form, amd copies thereof shall
be sent both te the chief exeeutive ollicer of the community and to
each individual appellant. .

“{e) Upon appeal by any community. as provided by this section.
the Seervtary shall review and take fully into acconnt any technieal
or scientifie data sul unity that tend to negate or
eontradivt the inform: his proposed determination
is basinl. The Seeretary shall resolve sach appeal by consultat ith
oflivials of loenl govermment involved, by admin i
ar by submission of the conilicting data to an imlepemlent scientitic
bouly or appropriate Federal apeney for adviee. Unbil the conflict in
dlata is |w-w||r:h aml the Secretary inakes a final determination on the
basis of his limlings in the Federal Register. and so notifies the gov-
erming bady of the conmunity, Homl insuranee plm-mlmlly available
within the commmnity shall continue to be available. sl no person
shall be denied the vight to purchase such insurance nb chargeable
rites. The Seeretary shall make his deterination within p reason-
abla time, The commmity shall be given a reasonable time after the
Secretary’s fimal determination in which to adept loeal lamd wse and
control measuies consistent with the Secretary’s determination, The
veports il other infornmtion nsed by the Secretary i making hiz
final determination shall be maide available for public rection and
shall be admissible in a conrt of law in the event the community secks
juilicinl review as provided by this section. )

“(f) Any nppehmt- amerieved by any final determination of the
Secretary upon wdministrative appeal. as provided by this section,
may appeal sueli determination to the United States distriet. court
for the district within which the comumnity is located not more than
sixty days after receipt of notice of such determination. The seope
of veview by the court shall be as provided by chapter 7 of title 5,
U nited] State Codde. During the pendency of any such litigation, all
final determinations of the Secretary shall be clfective for the pur-
poses of Lhis title unless stayed by the court for good canse shown.™.

FLOOD INEURANCE FREMIUM FQUALIZATION PAYMENTS .

Sic. 111, Section 134 of the Nationnl Flood Insurance Act of 1908
is amended by striking out subsection (b) and by redesignating sub-
section “(e) " ns subsection *(b) .

December 31, 1973 -7 - Pub., Law 93-234
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BT STAT. o

TITLE H—DISASTER MITIGATION REQUIREMENTS

NOTIFICATION TO FLOOD-PROX E ANEAS

See. 200, (a) Not later than six months folly
this tithe, the Seeretary shall puldish information i aceonliner with
subsection 1360(1) of the National Flood Insuranee Act of 1965, and
E ief exventive ofliver of cuch known flood-prone com-
i i the national ood insueanee pro-
cation as @ conumunity rontaining me
or more wrvas having special flood hagards.

(%] .'\ Frer such notifieation, enel tentatively slentified community
shall vither (1) promptly make proper application to participat
the national tload in ogeram or () within 8ix menths subimit
technical data suific to establish ta the satisfaction of the Seeretary
that the community either is not seriously flood prone or that suel flood
hazards as may have existed have lieen corrected by {lmnlworks or
other flood control nethads. The Seeretary in his discretion.
grant o public hearing to any community with rspeet 1o which eon-
flicting datn exist as to the nature and extent of o fload lagand, 1f
the Seeretary decides not to hold a hearing, the eommunity shall he
iven an opportunity to submit written and docwmnentary evidenes,
Whether or not such hearing is geanted. the Seeret

the enmetment of

tienlar commmity shall be decwied eonclusive for the phr
,\rt] tf] supparted by sulistantial evidenee in the veconl considernsd as
a whale.

B2 Stat, 387,
42 USC 4101,

Publie hear-
Nge
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the

(e} As information becomes avnilable to the Seevetary concerning Hotifications
i of flood 1 ¥ ities not known to e Aomi te other sca-

prone at the time of the initial notifieation provided for by subsection minity offi=
{n) of this section he shall provide similar votifications to the chiof 2e73.

execntive officers of enel adiditional communities, which shall then be
anbject ta the requirements of subsee (b) of this sect o,

{1} Formally identified fomd-prone comminities that do not qualify
fur the national Aood insnrnee program within one year after such
netification or by the date specified i stiom 202, whichever is later.
<hall therenfter be subject to the provisions of thit section relating to
floal-prone communities which are not participating in the program.

FEFECT OF NONPARTIWCIPATION 1K FLOOD INSURANCE FROGRAN

Spe, 202, (n) No Federnl officer ar agency shall approve any finaneial
assistance for acquisition or construction purposes on and after July 1.
1975, for use inany aren that has been identified by the Seeretary asan
area having special Aol hazards unless the community in which such
aren is sibwated is then participating in the national flosd insurance

1:mﬁmm. i

(b} Fach Federal instewmentality responsible for the supervision,
approval. regulation, or insuring of lanks. suvings aml loan associa-
tions, or similar institutions shall by regulation prohibit such institu-
tions on ane after July 1. 1975, from making. increasing, extending,
or renewing any lnan seewred by improved real estate ora mobile home
locatest or to be Jovated in an area that has been identified by the
Secretary a8 an aren having special ol hazards, unless the com-
munity n which such nrea is situated is then participating in the
national Aond insarance program.

REFEAT. OF DISASTER ARSISTANCE PENALTY

Skc. 203, Section 1314 of the National Flood Insurance Act of 1948
is repealed.

Pub. Law 93-234 -8 -

BT STAT, 983

Supm.

Repeal.
02 Stat, 573.
42 USC 4021,

December 31, 1973

ACCELERATEDR TOESTIEICATION OF FLOOD-RISKE ZONES

Src. 24, (a) Section 1260 of the National Flood Insurance Act of
1968 is amendedd by inserting the designation “(a)” aiter “Sec. 1360.7

B2 Stat, 587,

12 USC 4101, gnd adding at the end thervof the following new subscetions:

“(b) The Seeretary is directed to acrelevate the identification of
risk zones within flood-prone and mudslide-prone areas, a8 provided
by subsection (a) (2} of this section, in ovder to mnke knowu the
degree of hazard within cach such zone at the earliest possible date.

Grants, teohe To nceomplish this objective. the Seerctary is authorized, without
nioal assist=  pemnl fo sections B648 and 2709 of the Revised Statutes. as amenlbed
anos, ato., (31 US.C. 529 and 41 US.C. 5], to make grants, provide technical
authorizaticon.

conmeetion therewith.

4(c) The Seeretary of Defense (throngh the Anny Corps of Engi-

Secrvtury of the Interior (through the United States
3, the Seeretary of Agriculture (throv
Consereation Servier), the Secretary of Commerce (throngh the
National Oceunie and Atmospheric Adiminigtration}, the head of the
Tennessee Valley Authority, and the heads of a1l other Federal i

neers), the
Genlogicnl S

engnged in the wlentification or delineation of flood-risk zou
the severnl States shall, in consultation with the Seerctary, give the
highest practicable priority in the nllovation of available manpower
and other nvailable resources to the identifiention and mapping of
food huzand arens and (lood-risk zones, in order to assist the Secretan

to meet the deadline established by this section.™

AUTHORITY TO 1SSUE REGULATIONS

Sre. 205, (1) The Seerctary is authorized to issue such regulations

assistance, and enter into contracts, conperntive agreemants,
trunsaetions, on sich terms as he may deem approprinte, or consent go
modifientions thereof, and (o nnke advance or progress payments in

ns may be necessary to earry out. the purpose of thiz Aet.

(1) The head of ench Federnl agency that administers a program
uisition, construction, recor-
struction, repair, or improvement of publicly or privately owned land
ar facilitics, and ench Federal instrumentulity responsible for the
supervision, approval, regulation, or insuring of banks, savings and
loAn nssociations, or similar institutions, shall. in cooperation with
the Seeretary, issne nppropriato tules and regnintions to govern the

of financial assistance relating to the

earrying ouf of the agency’s responsibilities under this

Act.

or other

the Soil

agencics
e5 within
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CONSCLTATION WITIL LOCAL OFFICIALS

See. 208, In ing out his respongibilities under the provisi
82 Stat, 572, of this t-iﬂe‘-nm National Flm[:d?n Insurance ,\;' of 1&3 wil:‘:':h.
42 USC 4001 relata to notification to and identification of Aood-prone areas and the
note, application of criterin for Iand t includi

eate the desirability of modifying «

yplic 3 gement and use,
eriteria derived from data reflecting new developments that may i

indi-
A M

1

studies, the Secretary shall

on pr

consultation with the appropriate elwt;d officials of genersl purpose

local governments, including but not limited to those Joeal

ments whose prior eligibility under the

govern-

T b z has been
Such consultation shall include, but not be limited to, fully informing

local officinls at the commencement of
investigntion undertaken by any
eoncerning the nature and purpose
the manner in which the study is to be undertaken, ths
ciples to be applied, and the use

g
T

December 31, 1973 -9-

PN

made of the data, obtained. The

Pub, Law 93-234
87

STAT, 984

Secretary shall encourage local officinls to disseminate information
concerniigs such study widely within the commumity, so that inter-
ested persons will have an opportunity to Lring all relevant fucts and
techwieal ddata concerning the Jocal llood hazard to the attention of the
ageney during the course of the study.

O CERMIT NATIONAL BANKS TO INVENT 1N AURNCULTURAL CREMT
TURAHLTION S

ke, 207, That Lmrngr:ph “Seventh™ of section 5136 of the Revieed
Statates (12 U.S.C. 24) is amended by adding at the end thereof the
“Xotwithstanding any other provision in this parngraph,

farmers and ranchers for agricultural jmrpeoses, inchuling the Lreed-
ing, raisingg, fattening, or marketing of livestock, Towever, unless the
assoeintion owns at least B per centum of the stock of such agricals
tural credit eorporation the simount invested by the wssociation at any
one time in the stock of such corporation shall not exceed 20 per
ventum of the unimpaired eapitul and surplus of the ussociation.”,

FLEXIBLE INTEREST RATE AUTHIORITY POUR MOMLE MUME LOANE

Sk 208, Section 3(a) of the Aet entithed “An Act to amend
chapter 57 of title 38 of the United States Code with respect to the
veterans' home loan p to amend the National Housing \ct
with respect to intervet tates on insured mortgazes, and for other
purpases”, approved )In{:, 1068, as wmended (12 U.S.C. 1709-1), is
amended by adding at the end thereof the following new sentence:
“Notwithstanding the provisions of section 2(b) of the National
Ionsing Act remrding the maximum intevest rate which may be
established for obligntions with respect to which insarance is granted
ta financial institutions under section 2 of such Act, the Secretary
of Housing nnd Urban Development is also authorized, until the
date specitied in the preceding , to set the i int
rate for obligntions with respect to which insurance is granted under
e section, and which represent loans and advances of credit made
for the ]plu“pose of financing purchases of mobile homes, st such
tevel as he finds necessary to meet the Joan market.”.

Approved December 31, 1973.

ISLATIVE HESTORYs
HSE REPORT Mo, 93-359 (Comm. on Banking and Currency).
SENATE REPORP No, 93-583 (Comm, on Barking, Housing and
Urban Affairs).
CONGRESSIONAL RECOAD, Vol, 112 (1873}¢
Sept, 5, sonsidered mnd passed House,
Dss, 1, ocnsidersd and passed Senate, mmended.
Dea. 3, notion veoatedj bill restored to calendar,
Dss. 18, sonsidered and passed Senate, amendsd.
Des. 20, House agresd to Semate amendment with an
amendmant] Senats oonourred in Houss amendment.
WERKLY COMPTLATICH OF PRESIDENTIAL: DOCUMENTS, Vol. 10, Mo. 1 (1974
Do, 31, 1973, Presidentisl statesent.

82 Stat. 113;
86 Stat. 405,

12 USC 1703,



HOUSE BILL NO. 1041. BY REPRESENTATIVES Dittemore,
Buechner, Herzberger, 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,
Garnsey, 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 COM-
MISION 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 THE ADDITION OF A NEW
ARTICLE to read:

ARTICLE 7
Areas and Activities of State Interest
PART 1
GENERAL PROVISIONS

106-7-101. Legislative declaration. (1) 1In

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;

(b) Adequate information on land use and system-
atic methods of definition, classification, and
utilization thereof are either lacking or not readily
available to land use decision makers;

(¢) 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 environment 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;
Capital letters indicate new material added to existing
statutes; dashes through words indicate deletions from
existing statutes and such material not part of act.
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(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 promulgate guide-
lines, for the administration thereof; and

(c) Appropriate state agencies shall assist
local 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 con-
duct 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) "Municipality" 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, instru-
mentality, or corporation of the state.

106-7-103. initions pertaining to al
hazards. As used in this article, unless the context

otherwise requires:

(1) '"Aspect" means the cardinal direction the
land 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
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tributary such

floor.

stream as stream enters the valley

(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 signi-
ficant degree upon wetting and shrinks upon drying.

(7) "Floodplain'" means an area adjacent to a
stream, which area is subject to flooding as the re-
sult of the occurrence of an intermediate regional
fiood and which area thus is so adverse to past, cur-
rent, 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
(c) Dry wash channels and dry wash floodplains.
(8) "Geologic hazard'" means a geologic phenomenm

which is so adverse to past, current, or foreseeable
construction or land use as to constitute a signifi-
cant hazard to public health and safety or to property.
The term includes but is not Jimited to:

(a) Avalanches, landslides, rock falls, mudflows,
and unstable or potentially unstable slopes;

(b) Seismic effects;

(¢) Radioactivity; and

(d) ' Ground subsidence.

(9) "Geologic hazard area" means an area which

contains or is directly affected by a geologic hazard.

(10) "'Ground subsidence' means a process charac-
terized by the downward displacement of surface mater-
ial caused by natural phenomena such as removal of
underground fluids, natural consolidation, or dissolu-
tion of underground minerals or by man-made phenomena
such as underground mining.

(11) ‘'"Mainstream floodplain' means an area adja-
cent to a perennial stream that is subject to periodic
flooding.

(12) '"Mudflow'" means the downward movement of mud
in a mountain watershed because of peculiar character-
istics of extremely high sediment yield and occasional
high runoff.

(13) "Natural hazard" means a geologic hazard, a
wildfire hazard, or a flood.

(14) "Natural hazard area" means an area contain-
ing or directly affected by a natural hazard.

(15) '"Radioactivity" means a condition related to
various types of radiation emitted by natural radio-
active 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.
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(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 landslide, 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 phenomencn
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

(a) Slope and aspect;
(b) Wildfire behavior characteristics; and

(¢) Existing vegetation types.

(22) "Wildfire hazard area" means an area con-
taining 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 municipal or county air-
port 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"
highway which is part of the
system or any limited-access
the supervision of the state

means any limited-access
federal-aid interstate
highway constructed under
department of highways.

(4) "Collector highway' means a major thorough-
fare serving as a corridor or link between municipali-
ties, 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)
means a wastewater treatment plant,
plant, or water

66-38-2 (6), (7), and (8), C.R.S. 1963, and any systenm
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 his-
toric places, designated by statute, or included in an-
established list of places compiled by the state
historical society.

"Domestic water and sewage treatment system'
water treatment
supply system, as defined in section



(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;

(b) Transmission lines, power plants, and sub-
stations of electrical utilities; and

(c) Pipelines and storage areas of utilities
providing natural gas or other petroleum derivatives.

(9) "Mass 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 in-
clude surface or ground water subject to appropriation
for domestic, agricultural, or industrial purposes,
nor does it include geothermal resources.

(11) "Mineral resource area' means an area in
which minerals are located in sufficient concentration -
in veins, deposits, bodies, beds, seanms, 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 communities' means the major revitali-
zation 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 land or guideway constructed solely for that
purpose.

106-7-105. Effect of article - public utilities.
(1) With regard to public utilities, nothing in
this article shall be construed as enahncing or di-
minishing 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 inconsis-
tent with or in contravention of any decision, order,
or finding of the public utilities commission with re-
spect to public convenience and necessity. The public
utilities commission and public utilities shall take
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into consideration and, when feasible, foster compli-
ance with adopted land use master plans of local govem-
ments, 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 aritcle - rights of property !
owners - water rights. (1) Nothing in this article
shall be construed as:

(a) Enhancing or diminishing the rights of owners H
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 admini-
stration of water rights.

106-7-107. Effect of article - developments in
areas of state interest and activities of state interest
meeting certain conditions. (1) This article shall
not apply to any development in an area of state in-
terest 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)

(I) Which has been conditionally or finally
approved by the appropriate local government for plan-
ned unit development or for a sue substantially the
same as planned unit development; or

The development or activity is to be on land:

(I1I) Which has been zoned by the appropriate
local 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 appro-
priate governmental authority.

106-7-108. Effect of article - state agency or
commission responses. (1) Whenever any person de- i
5iring to carry out development as defined in section
106-7-102 (1) is required to obtain a permit, to be
issued by any state agency or commission for the pur-
pose of authorizing or allowing such development,
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 permit or specify-
ing 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 follow-
ing 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,
cuidelines, and criteria or standards the application
fails to satisfy; and

{¢) The action that the applicant would have to
take to satisfy the state agency's or commission's
permit requirements.

{3} Whenever an application for a permit as
provided under this section contains a statement des-
cribing the proposed nature, uses, and activities in
conceptual terms 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 a2 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 pro-
vided 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 propesed
uses and activities contained in the application. Such
conceptual approval shall be made subject to the appli-
cant filing and completing all prerequisite detailed
additional information in accordance with the usual
filing Tequirements of the agency or commission within
a recasonable period of time.

(4) All agencies or commissions authorized or
required to issue permits for develepment shall adopt
rules and regulations, or amend existing rules and
regulations, so as to require that such agency or com-
mission respond in the time and manner 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 section shall not
apply to applications approved, denied, or processed by
a unit of local government.

PART 2
AREAS AND ACTIVITIES DESCRIBED -
CRITERIA FOR ADMINISTRATION

106-7-201. Areas of state interest - as deter-
mined by local gsovernments. (1) Subject to the pro-
Cedures set forth in part 4 of this article, a local
government may designate certain areas of state interest
from among the following:

(2] Mineral resource areas;
(b) Natural hazard areas;

(¢) Areas containing, or having a significant
impact upon, historical, natural, or archaeological
resources of statewide importance; and

(d) Areas around key facilities in which develop-
ment may have a material effect upon the facility or
the surrounding community.

106-7-202. Criteria for administration of areas
of state interest. (1) (a) Mineral resource areas
designated as areas of state interest shall be protect-
ed and administered in such a manner as to permit the
extraction and exploration of minerals therefrom, un-
less extraction and exploration would cause significant
danger to public health and safety. If the local
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covernment having jurisdiction, after weighing suffi-
cient technical or other evidence, finds that the
economic value of the minerals present therein is less
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 extrac-
tion 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 constructlon purposes
shall be administered as provided by article 36 of
chapter 92, C.R.S5, 1963.

(¢} 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 o0il and gas or geothermal resource development shall
not be designated as an area of state interest unless
the state oil and gas conservation commission identi-
fies such area for designation.

(2) (&
ed as follows:

Natural hazard areas shall be administer-

(I) Floodplains shall be administered so as to
minimize significant hazards to public health and
safety or to property. The Colorado water conserva-
tion board shall promulgate a model floodplain regula-
tion no later than September 30, 1974. Open space
activities such as agriculture, recreation, and mineral
extraction shall be encouraged in the floodplains. Any
combination of these activities shall be conducted in
a mutually compatible manner. Building of structures
in the flood plain shall be designed in terms of the
availability of flood protection devices, proposed
intensity of use, effects on the acceleration of flood-
waters, potential significant hazards to public health
and safety or to property, and other impact of such
development on downstream communities 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 disignated as an area
of state interest unless the Colorado soil conservation
board, through the local soil conservation district,
identifies such area for designation.

(II) Wildfire 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 ser-
vice shall promulgate a model wildfire hazard area con-
trol 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 con-
ducive to fire shall be required for wildfire hazard
areas in which development is authorized.

(I1I) In geologic hazard areas all developments
shall be engineered and administered in a manner 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 land
use in natural hazard areas by the Colorado water con-
servation board, the Colorado soil conservation board
through the soil conservation districts, the Colorado
state forest service, and the Colorado geological sur-
vey, natural hazard areas shall be 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 con-
junction with the appropriate local government in a
manner that will allow man to function in harmony with,
rather than be destructive to, these resources. Consi-
deration 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 determined 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 community or region to provide such
services as determined by local government. Compati-
bility 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 patterns for housing and
other local government needs that will separate uncon-
trollable noise sources from residential and other
noise-sensitive areas; and

(II) 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

(II) Preserve desirable existing community patterns.

(c) Areas around interchanges involving arterial
highways shall be administered so as to:
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(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 community patterns

(d) Areas around rapid or mass transit terminals,

stations, or guideways shall be developed in confor-
mance with the applicable municipal master plan adopted
pursuant to section 139-59-6, C.R.5. 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. 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 parti-
cular 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 treat-
ment 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 highways and
interchanges and collector highways;

(f) Site selection and construction of major
facilities of a public utility;

(g) Site selection and development of new
communities;

(h) Efficient utilization of municipal and in-
dustrial water projects; and

(i) Conduct of nuclear detonatioms.

106-7-204, Criteria for administration of
activities of state interest. (1) (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 develop-
ment of domestic water and sewage treatment systems of
adjacent communities.

(b) Major extensions of domestic water and sewage
treatment systems shall be permitted in those areas in
which the anticipated growth and development that may
occur as a result of such extension can be accommodated
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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 prac-
tices and shall emphasize, where feasible, the recy-
cling 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 environ-
ment 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) (a2) Rapid or mass transit terminals, stations,
or guideways shall be located in conformance with the
applicable municipal master plan adopted pursuant to
section 139-59-6, C.R.S. 1963, or any applicable mas-
ter 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 con-
centration 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 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 tramsit
terminal, station, or fixed guideway that imposes a
burden or deprivation on a local government cannot be
justified on the basis of local benefit alone, nor
shall a permit for such a location be denied solely be-
cause the location places a burden or deprivation on
one local government.

(5) Arterial highways and interchanges and
collector highways shall be located so that:

(a)
(b)

Community traffic needs are met;

Desirable community patterns are not disrupted;
and

(¢) Direct conflicts with adopted local govern-
ment, regional, and state master plans are avoided.

(6) Where feasible, major facilities of public
utilities shall be located so as to avoid direct con-
flict with adopted local government, regional, and
state master plans.

(7) When applicable, or as may otherwise be pro-
vided by law, a new community design shall, at a
minimum, provide for transportation, waste disposal,
schools, and other governmental services in a manner
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that will not overload facilities of existing communi-
ties of the region. Priority shall be given to the
development of total communities which provide for
commercial and industrial activity, as well as resi-
dences, and for internal transportation and circulation
patterns.

(8) Municipal and industrial water projects shall
emphasize the most efficient use of water, including,
to the extent permissible under existing law, the re-
cycling and reuse of water. Urban development, popula-
tion 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 dispro-
portionate to the benefits to be derived from a
detonation.

PART 3
LEVELS OF GOVERNMENT INVOLVED AND THEIR FUNCTIONS
106-7-301. Functions of local government. (1)

Pursuant to this article, it is the function of local
government 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;

(b) Hold hearings on applications for permits
for development in areas of state interest and for
activities of state interest;

(e)
development in areas of state
vities of state interest;

(d) Receive recommendations from state agencies
and other local governments relating to matters of
state interest;

Grant or deny applications for permits for
interest and for acti-

(e) Send recommendations to other local govern-
ments 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, it is the function of other
state agencies to:

{a) Send recommendations to local governments
and the Colorado land use commission relating to de-
signation of matters of state interest on the basis of
current and developing information; and

(b) Provide technical assistance to local govern-
ments concerning designation of and guidelines for
matters of state interest.

(2) Primary responsibility for the recommendation
and provision of technical assistance functions des-
cribed 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;

(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 resource areas;

(d) The Colorado division of mines, with regard
to mineral extraction and the reclamation of land dis-
turbed thereby;

(e) The Colorado s0il conservation board and
s0il 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 wild-
life habitats.

(3) Pursuant to section 106-7-202 (1) (d), the
0il and gas conservation commission of the state of
Colorado may identify an area of oil and gas develop-
ment 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 govern-

ment may designate matters of state interest within
its jurisdiction, taking into consideration:

(a) The intensity of current and foreseeable
development pressures; and
(h) Applicable guidelines for designation issued

by the Colorado land use commission after recommenda-
tion from other state agencies, if appropriate. In
adopting such guidelines, the Colorado land use com-
mission 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.

106-7-402. Guidelines - regulations. (1) The
local government shall develop guidelines for admini-
stration 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.
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(3) No provision in this article shall be con-
strued as prohibiting 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
local governments in designating matters of state in-
terest 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:

(1)

Showing that current or reasonably foresee-

able development pressures exist within the local

government's jurisdiction; and

(II) Plan describing the proposed use of techni-
cal 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 thereof.

(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 county. The
local government shall send written notice to the
Colorado land use commission of a public hearing to be
held for the purpose of designation and adoption of
guidelines at least 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 list, the person shall resubmit his name and
address and pay such fee before January 31 of eachyear.

(3) Within thirty days after completion of the
public hearing, the local government, by order, may
adopt, adopt with modification, or reject the parti-
cular designation and guidelines; but the local govern-
ment, 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} Upen adoption by order, all relevant materials
relating to the designation and guidelines shall be
forwarded to the Colorado land use commission tor
review.

106-7-405. Report of local government's progress.
(1) XNot luter than one hundred eighty days after the
effective date of this article, each local government
shall report to the Colorade land use commission, on a
form to be furnished by the Coclorado land use commis-
sion, the progress made toward designation and adop-
tion of guidelines for administration of matters of
state interest.

12} 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 land use commission 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 desiynation and
cuidelines. (1) Mot later than thirty days after
receipt of a local government order designating a
matter of stute interest and adopting guidelines for
the administration thercof, the Colorade land use
commizsion 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 guide-
lines or recommend modification thereof.

(2} If the Colorado land use commission decides
that modification of the designation or guidelines is
required, the Colorado lund use commission shall,
within said thirty-day period, submit to the local
government written notification of its recommendations
and shall specify in writing the modifications which
the Colorade 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 recommended by the Colorado land use
commission, a local government shall:

(a) Modity the original order in a manner consis-
zent with the recommendations of the Colorado land use
commission and resubmit the order to the Colorado land
use comnission; 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
inpitiate identification, designation, and promulgation
of guidelines for matters of stute interest. (1} (a)
The Colorade land use commission may submit a formal
request to a local government to take action with re-
gard to a specific matter which said commission con-
siders to be of state interest within the local
government's jurisdiction. Such request shall identify
the specific matter and shall set forth the informa-
tion 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
told a hearing within sixty days pursuant to the pro-
visions 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 of conduct
the activity specifically described in said request
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until the local government has held its hearing and
issued its order relating thereto.

{c) If the local government's order fails to
designate such matter and adopt guidelines therefor,
or, after designation, fails to adopt guidelines there-
for pursuant to standards set forth in this article
applicable to local governments, the Colorado land use
commission may seek judicial review of such order or
suidelines by a trial de novo in the district court
for the judicial district in which the local government
is located. During the pendency of such court pro-
ceedings, 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.

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. (l) (a) Any person desiring to
engage in development in an area of state interest or
to cenduct an activity of state interest shall file
an application for a permit 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 local 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 utility obtain a permit
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 permit, the local government
shall publish notice of a hearing on said application..
Such notice shall be published once in a newspaper of
seneral 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 develop-
ment 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.

(¢} The local government may maintain a mailing
list and send notice of hearings relating to permits
in a manner similar to that described in section 106-
7-404 (2) (b).

(3) The local government may approve an applica-
tion for a permit to engage in development in an area
of state interest if the proposed development complies
with the local government's guidelines and regulations
governing such area. If the proposed development does
not comply with the guidelines and regulations, the
permit shall be denied.



(4) The local government may approve an applica-
tion for a permit for conduct of an activity of state
interest if the proposed activity complies with the
local government's regulations and guidelines for con-
duct of such activity. If the proposed activity does
not comply with the guidelines and regulations, the
permit shall be denied.

(5) The local government conducting a hearing
pursuant to this section shall:

(a) State, in writing, reasons for its decision,
and its findings and conclusions; and

(b)

(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 ob-
tain 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.

Preserve a record of such proceedings.

106-7-502. Judicial review. The denial of a
permit by a local government 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, Colerado
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 local land use
planning. (1) The department of local affairs shall
conduct a statewide program encouraging counties and
municipalities to prepare, as a part of the
comprehensive plan provided for in section 106-2-5 and
article 59 of chapter 139, C.R.5. 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 distri-
bution to participating counties. Each 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 municipalities. 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 is comparable for each county.
Each county shall, after consultation with the munici-
pality, prepare such identification and designation
for territory located within these municipalities
which request such preparation and in any municipality
which fails to undertake an identification and design-
ation program. Each county shall, upon request of the
municipality, assist the municipality in its identifi-
cation and designation program.

(2) The general assembly shall appropriate to
the department of local affairs funds to assist
countics and municipalities participating in the iden-
rification and designation of matters of state inter-
cst program, where additional assistance is deemed by
the department of local affairs to be necessary. The
department of local affairs shall also allocate such
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funds upon request of any county participating in the
identification and designation of matters of state
interest program under subsection (1) of this section
for implementation of supplemental planning in that
county, or to any municipality, based upon priorities
established by the department of local affairs and on
the need and capabilities of each county and
municipality.

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 power. (2} (a) Whenever in 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 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 commissioners 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 commission and the
boards of county commissioners of the counties
involved. If, after such review, the governor 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 injunc-
tion, or permanent 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 ex-
clusive jurisdiction to determine finally the subject
matter thereof.

SECTION 4. Article 4 of chapter 106, Colorado
Revised Statutes 1963, as amended, is amended BY THE
ADDITION OF A NEW SECTION to read:

106-4-5. Commission staff to assist counties and
municipalities. 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 1-6-4-4 (4) (b) and (4) (c).

SECTION 5. Appropiration. (1) There is hereby
appropriated to the department of local 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 thergof 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 counties and
muncipalities pursuant to section 106-4-5, C.R.S. 1863
(10.0 FTE, five of which shall be full-time profes-
sional staff pursuant to said section 106-4-5).

SECTION 6. Safety clause. The general assembly
hereby finds, determines, and declares that this act
is necessary for the immediate preservation of the
public peace, health, and safety.
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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 Statutes
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
commissicners) (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, un-
less 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 desig-
nated floodplains 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 potential damage
of others or cause potentially damaging
debris to be carried downstreanm.
(3) Protect the public from the burden of
avoidable financial 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 pro-
hibiting the disposal of garbage and other
solid waste materials in floodplains.

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 commissioners)
(city council) with the prior concurrence of
the Colorado Water Conservation Board.
(2) "Floodplain' means an area in and adja-
cent 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
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Section 2.
thereof - identification.

constitute a significant hazard to public
health and safety or to property.

(3) "Floodproofing'" means a combination of
structural provisions, changes, or adjustments
to lands, properties and structures subject
to flooding primarily for the reduction or
elimination of flood damages to lands, pro-
perties, structures, and contents of build-
ings 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
intermediate regional flood. In 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. If no low hazard zone has been
identified, then the terms 'designated flood-
plain'" and "floodway zone" shall be consid-
ered as being synonymous.

(5) "Intermediate regional flood" means a
type of flood, including the water surface
elevation and territorial occupation thereof,
which can be expected to occur at any time in
a given area based upon recorded historical
precipitation 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 percent flood or one hundred year flood.
(6) "Low hazard zone" means that area of the
floodplain in which the waters of an inter-
mediate regional flood will not 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.

Designation of floodplains - subdivisions

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 inunda-
ted by an intermediate regional flood as hereto-
fore or hereafter approved by the Colorado Water
Conservation Board, and as heretofore or hearafter
designated by the (board of county commissioners)
(city council) of in
the manner prescribed by (regulation) (ordinance
number 5

2.2 Floodplain subdivisions. Where sufficient
data are available to determine the effect there-
of on existing or foreseeable land uses, the
designated floodplain may be subdivided into a
floodway zone and a low hazard zone as defined in
subsections 1.4(4) and (6) of this (ordinance)
(regulation).

2.3 Identification. True and official copies of
maps of floodplains 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 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 public 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 incor-
porate the floodplains designated by the (board
of county commissioners) (city council), includ-
ing the low hazard zone, i1f such has heen
identified.

Section 3. Use of designated floodplains.

3.1 General. No development, use, fill, con-
struction or alteration 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 floeding are buoyant,
flammable, explosive or otherwise poten-
tially injurious to human, animal or plant
life.
(2) The disposal of garbage or other sclid
waste materials.
(3) The human occupation of structures,
either fixed or mobile, for residential
purposes, either permanent or temporary.
(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 prohibited by subsections 3.1(1) and
{2}, the low hazard zone of a designated flood-
plain, 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 floodplain 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
I0ne.
(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 adequate-
ly floodproofed to or over one foot above
said maximum water elevation.
(4) In the event that the floodwaters in a
low hazard zone can be expected to attain a

velocity greater than three feet per second,
additional floodproofing shall be required
sufficient to withstand such greater velocity.

3.3 Non-conforming uses. The provisions of this

section shall not apply to or affect:
(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 discontinuance 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.

Section 4. Administration - publication - hearing -
appeal.

4.1 Permits. It shall be unlawful to develop,
fill or occupy; or to construct, reconstruct or
alter any building or structure; within a desig-
nated floodplain without the property owner or
his authorized representative first obtaining a
permit from the (designated county or city offi-
cial or agency), in accordance with the following
procedures;
(1) Application for a permit shall be made
to and in the form and containing the infor-
mation prescribed by the (designated county
or city official or agency), accompanied by
a fee of § plus the estimated
publication costs.
{2) No later than thirty days after receipt
of an application 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
forwarded 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 hear-
ing, the (designated county or city official
or agency) shall grant or deny the permit
according to the eriteria 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 concern-
ing the boundaries and other characteristics
of the designated floodplain upon which a
sound decision can be based, it shall con-
tinue such hearing until sufficient infor-
mation 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
designated local agency) by filing a notice
of appeal with the (Board of Adjustment)
{other designated local agency) within 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 same civil action wherein such injunction,

Adjustment) (other §e§ignated lgcal agency) : mandamus or abatement is sought, or separate
may appegl s?ch qeclslon for trial de nove = and distinct proceedings may be instituted
to the district in and for the county in : seeking varying forms of relief, as the law
which the decision was rendered by filing a may allow.

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 5:1 Interpretation.
(1) The (county or city official or agency) ! Z ; J
or its authorized representatives (is) (are) (n Ft is not intended by this Eregylat}on)
hereby empowered and directed to inspect and (o?dl?ance} A% KepRal, abIDgaRy Un AEDAlE Ay
examine the use, occupation or development existing ease:eyts, COﬁ;nantsﬁ'or(deedlrzj )
of designated floodplains within the (county) sErictasnss  Howcvers WIGTe 9 \regeation
(city) of for the pur- (ordinance) imposes greater restrictions,

pose of determining from time to time whether the provisions Of Fhls |pepuliation) (OrdIT

or not such use, occupation or development nanc?} shall prevail. All other ;regulat1ons)
is in violation of any of the provisions of (grdlnanceg} dricorszseant With Hds (regula-
section 3 of this (regulation) (ordinance) or tion) (ordinance) -are hereby Tepealed 1o the

T . extent of the inconsistency only.
OF A IENLE JSSUCh O TequiTed poRsUalt (2) In their interpretation and application
to this section 4. e PP ;

(2) If a violation shall be found to exist, the provisions of this (regu%a?ion) (or@i-
the (designated agency) or its authorized nance) shall be held to be minimum require-
representatives shall by written order direct wents, and Shall not Be deated 3 Limifation
that such remedial action be taken forthwith or repeal 0? any other powers granted by the
as will result in full compliance with the e eonILi Cutlon 0F statutes.

applicable provisions of this (regulation)
(ordinance); provided, however, that the
issuance of such order shall in no way or
manner be deemed a prerequisite to the in-
stitution of such enforcement proceedings

as are hereinbelow set forth; and provided
further, 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.

Section 5. Interpretation, disclaimer or liability and
severability.

5.2 Disclaimer of liability. The degree of flood
protection required by this (regulation) (ordi-
nance) is considered reasonable for the protec-
tion of life and property and is based on engi-
neering 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 restr@cted by debris. This
(regulation) (ordinance) does not imply that areas
outside the designated floodplains or land 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.

Violations and remedial actions.

(1) Any persom, 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

5.3 Severability. If any section, clause, pro-
vision 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 af-

such illegal use, occupation or development fecied thereby

continues shall be deemed a separate offense.
(2) If any such use, occupation or develop- CERTIFICATE
ment shall occur in violation of any pro- S e e
vision 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 here-
inabove provided for may be recovered in that FELIX L. SPARKS, Secretary

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.
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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. Care-
ful coordination of land use and drainage control measures
is stressed. Related recent legislation and regulations
are included.

Reference: Neil S. Grigg, Colorado State University,
Leslie H. Botham, Leonard Rice, Leonard Rice Consulting
Water Engineers, Inc,, W. J. Shoemaker, Shoemaker & Whan,
Attorneys at Law, Denver, L. Scott Tucker, Urban Drainage
and Flood Control District, Denver, Hydrology Paper No. 85
February (1976), Urban Drainage and Flood Control Projects
Economic, Legal and Financial Aspects.
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