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Abstract 

Economic and social studies are essential in any process of 
water resources planning or river bank management. This study deals with 
the establishment of an integrated system which would form the basis of 
the rational planning of flood plains and would include hydrological, 
hydrodynamic, physical and economic components. ‘The application of such 
a system to a region of interest should lead to the establishment of a 
management policy for river banks, the basic objectives of which may be 
classified as follows: - 

(i) The analysis of flood/damage relations to obtain probability 
distribution functions for_damages caused by floods, 

(ii) The estimation of these damages without a post-flood investigation. 
This helps in the rational planning of zones already urbanized and’ 
the adequate management of zones set for future urbanization, 

To reach these objectives, a digital simulation approach is 
taken in which the flood phenomenon and its impact-on flood plains~are 
considered as a complex system, which permits the estimation of hydrological 
characteristics (depth of submersion) for every economic uit in different 
activity sectors (permanent and secondary residential, agricultural, 
commercial and industrial). From this, one may correlate floods and flood 
damage, which can be extrapolated in time and space for various types of 
physical and non—physica1 damage. This theory is based on the use of 
extreme values and the sum of a random number of random variables in a 
stochastic process, The Richelieu River basin in Quebec, with its rural 
and urban sectors, has been chosen for a numerical application. 

By dealing with both the economic'and technical aspects of 
floods and their effect on flood plains, this study is significant on two 
levels: A 

(i) On the theoretical level, the use of stochastic methods to establish 
a flood/damage correlation effectively combines technical and economic 

. aspects, thereby serving__ as a base for management studies and -decis-ion 
making with respect to flood p1ains_in particular and Water Te5°UTCe5 
planning in general. In addition, it permits the determination of 
the variables involved and of the damage distribution function, the 
extrapolation of future damage,_3fid the abi1ity_to transfer the para- 
meters from an economic model of an experimental zone to another, 
economically identical Zone. -Finally, damages can be assessed with 
very little investigation; moreover, the capability of the model to” 
gain forecasting power can be improved as the amount Of data gathered 
by these investigations increases.

”
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(ii) On a practical level, the.systematic approach to flood plain 
management of the Rich.e1_i.eu* Rjiveri drajiiiaggé basin péfihits the 
estimation of various types 6? damage sfistained by each unit of 
the economic sectors under consideration and the determination 
of the effect of seasonality on damage estimation, This approach 

‘sh ws that the Submersign jevel is not the only significantfvariable; 
in the stimation of agricultural damages.A ’

' 

The results of this study will contribute to the development 
of erigeria fer studying the value of management projects; the judicious choice 
of a.f1ood control system after criteria, both technical and economic, 
HRVE DEGH determined; the deteiminatbn of flood/damage correlation with 
not need_£br post-flood investigations; and the integration of urban 
and rural hydrology to obtain better watershed planning; 
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Résumé
, 
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_ 

La planification des ressources en eau, ainsi que 1'aménagement 
des rives; impliquent que des études tant techniques, qu1économiques et 
sociales soient entreprises. La présente étude s'intéresse 5 la p1anifi- 
cation rationne11e‘dés plaifies inohdables considérées comma un systéme 
intégré formé de composantes hydrologiques, hydrodynamiques, physiques 
et économiques. .

- 

L‘app1ication de ce systéme 5 une région donnée doit aboutir 
a la mise en place d'une méthodologie de gestion.des rives dont les objec- 
tifs fondamentaux peuvent étre classés comme suit: 

i- 1'ana1yse des fonctions de transfert crues-domages afin de dériver 
une fonction de répartition probabiliste des dommages causés par 
1 es inondast ions; 

i1- 1'estimation de ces dommages sans passer par une enquete apres crue. 
Cette estimation permettra une planifieation ratiénnelle des zones 
déji urbanisées et un aménagement adéquat des régions en voie d'urba- 
nisation. 

L'approche utilisée pour atteindre ces objectifs est celle de 
la simulation digitale qui consiste 5 considérer le processus de crue 
ainsi que son impact sur les plaines inondables comme un systéme complexe 
qui permet d'estimer les caractéristiques hydrologiques (hauteur de submer- 
sion) pour chaque unité économique des différents sécteurs d'activités 
(résidentieis permanent et secondaire, agricole, commercial et industriel). 
Cette considération permet dlétablir des fonctions de transfert crues- 
dommages qui peuvent étre généralisées dans le temps et dans 1'espace et 
ceci pour différents types de dommages physiques et non physiques. Les 
théories de base sont celles des valeurs extremes et de la somme du 
nombre aléatoire des valeurs aléatoires en processus stochastique. Pour 
1'app1ication numérique de cette théorie, 1e baSSin versant de la riviére 
Richelieu au Québec a été choisi, étant donné son caractére 5 la fois 
urbain et rural. 

En traitant des aspects économiques et techniques des crues et 
de leurs effets dans les plaines inondables, cette étude revét une impor- 
tance majeure: 

i- sur le plan théorique, le traitement des fonctions de transfert crues- 
dommages par 1es.méthodes stochastiques est une heureusé combinaison 
des deux aspects techniques et économiques. Il est une amorce des 
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fagon formelle 1'étude de rentabilité des projets d'aménagement; 
voir choisir judicieusement 1e systéme de contr61e des crues aprés avoir 
fixé les critéres décisionnels, techniques et économiques; 

études sur 1‘aménagement et de la prise de décision dans les plaines 
inondables en particulier et la planification des ressources en eau 
en général. I1 permet entre autre, 1'identification des variables 
en jeu, la dérivation de fonction de répartition des dommages, la 
projection future des.dommages, 1e pouvoir de transposer les para- 
métres du modéle économique d'une zone expérimentale 5 une autre 
identique économiquement et finalement la possibilité de réaliser une 
étude sur les dommages avec une enquéte trés peu détaillée quoiqufon. 
puisse améliorer la qualité de prévision du modéle économique au fur 
et 5 mesure qu'on augmente 1e nombre de données recueillies par ladite 
einquét e —; 

sur le plan pratique, 1'app1ication de 1'approche systématique 5 
l'aménagement des plaines inondables du bassin versant de la riviére 
Richelieu, au Québec, permet entre autre, 1'estimation des_différefits 
types de dommages encourus par chaque unité des secteurs économiques 
considérés, la quantification de 1'effet de la considération saison; 
niére de 1'excédance hydrologique maximale sur 1'estimation des dom- 
mages. Finalement, la hauteur de submersion s'avére insuffisante,
N a elle seule, pour 1'estimation des dommages agricoles, 

Les retombées de cette étude contribueront 5 définir d'une 
5 pou- 

5 trouver les 
fonctions de transfert crues—dommages sans passer par des enquétes aprés 
crues ;~ et 5 intégrer 1'hydro1ogie urbaine 5 celle de 1'hydro1ogie rurale 
dans 1a planification de 1'aménagement d'un bassin versant.
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Introduction 
Floods are by definition the overflow of a watercourse beyond 

its normal channel.’ They can cause great harm to man, his property, 
and his activities. Historically, for social and cultural reasons, man 
has been attracted by flood plains, on which he has developed great 
civilizations that are identified with the watercourses nearby. 

Unfortunately, this situation has created a dilemma for man. 
Although traditionally all human activities have developed along river 
banks, populations occupying these plains are constantly exposed to 
"dangers. 7We must therefore choose between the following alternatives: 
to leave the flood plains or occupy them and face the risks. 

The fight to survive has led man to make compromises, most of 
the time to his advantage. Thus the control of watercourses and the 
regulation of their flows began in ancient times. 

In contrast with the objectives of such construction, there 
was a continuous growth in losses and damage caused by floods. This 
paradox can be explained mainly as follows: 

i. increased economic activity in the flood plains; 
ii. a continuing increase in human use of the flood plains; 
iii. overevaluation by the population of the safety provided 

by the protective works; .

' 

iv. lack of data on the frequency of floods and on the 
activities that they can affect; 

v. changes in the hydrological characteristics of floods. 

Quebec society cannot escape such a situation, as shown in 
Perrier's study (1978) on the change through time in annual flood 
damage (Fig. 1.1). Our present knowledge with regard to this problem 
offers no definitive remedy; we must limit ourselves to trying to 
minimize the impact of floods and their devasting effects on our 
well-being. The objective of this study is to help in the search for 
the best solution to this problem so as to minimize the losses due to 
flood and to maximize the use of flood plains. 

It should be noted that at present Canada has no clearly 
defined policy for control of the damage caused by floods. Such a 
policy must be based on an analysis of the reliability and 
effectiveness of the options considered. The national flood damage 
reduction program instituted by the federal government assumes that "an 
obvious way of preventing future damages from flooding is by limiting 
development on the flood plain" and "to limit new investment in clearly defined flood risk areas" (Bruce, Rosenberg and Page, 1977). 

The spatial and temporal characteristics of floods and their 
impact on flood plains require that all possible solutions be



considered; The final choice will depend upon the dynamic population 
change and the social, cultural; economic and political behaviour of 
the society in question. Consequently, each situation must be studied 
and examined separately according to previously defined profitability 
criteria. ‘

'
-
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CHAP.'I'.E.R. 1: - FLOOD PLAINJIANAGEMENT - ANAl.HYSAIS oi: THE sysmm 
Elood Plain Management (FPM) represents, by definition, every 

kind of planning and action, temporary or permanent, in areas subject 
to flooding to ensure proper use of natural and human resources. 

This fairly broad definition of FPM can be expressed as two 
concepts: the minimization of human and physical losses, and the 
optimization of the socio-economic use of the flood Plains by Publie 
and private interests (Goddard, 1969). These two concepts reflect what 
society expects from organizations concerned with shoreland management. 

To tackle so complex a subject, it is necessary first to lay 
down some assumptions, then to establish an analytical and conceptual 
approach to the problem. 

The first basic assumption in FPM is the following (BCEOM, 
1976): 

...the low flood channel of a watercourse is the natural 
channel through which passes its daily flow, and its 
high flow channel is also the usual channel, but is the 
temporary one for its strong flows; and the alluvial ‘ 

plain is just as naturally the reservoir for the 
accumulation of its largest floods. 

The second assumption will be the limitation of the area under. 
study to the drainage basin regarded as a geographic and economic 
entity. All human activities in this basin are influenced by its 
climatic and hydrographic characteristics. This is not to deny the 
existence of socio-economic and_hydro1ogica1 interactions between * 
basins that would be represented by a change in the flow of the‘ 
watercourse. 

The FPM's conceptual approach is therefore to regard the flood 
plains as a single system composed of a complex set of elements: man, 
the watercourses and the shorelands. This flood plain system will be 
subject to a multitude of restraints, at times contradictory, on 

' decisions in what is called the decision space. 

1.1 -FLO0€PLAIN MANAGEMENT (FEM) DECISION SPACE 

The extent of the damage caused by floods and the economic 
importance of the flood plains in societies have made FPM into a 
national problem within a decision space (Fig. 1.2) in which each 
component will have an influence on the others. This space represents 
the limit on solutions to the FPM.prob1em. Each component j of this 
space can be represented by a set Ui Wi of possible solutions, in 
which i is a subset of j. The FPM problem is to find the best solution 
so that: .



FPM = njUiWij ; i = 1,2,... and = 1,2,... (1.1) 
' The role of each component is thus closely tied to the 

effectiveness and app1icabi1ity_of the set to this space. The FPM 
solution must therefore be to consider this set, but not necessarily to 
give the same weight to each of its elements. Because of the nature of 
the prob1em,.the political component dominates the solution selected in 
most cases,'and this dominance changes with the economic development of 
the society a_‘ff‘ec‘ted (United Nations, 1977). 

1.1.1. fiydrotechnical Component 

The hydrotechnical component represents the quantification of 
the flood phenomenon and the determination of the zones threatened as 
well as their flood risks. it consists, in other words, in determining 
first the maximum flow of the watercourse under study, and then the 
areas of the flooded land space at the time of this peak flow. 

This component may include all management decisions concerning 
the sites of the structures or other works and may entail altering the 
physical, socioéeconomic and environmental aspects of the drainage 
basin. The hydrotechnical responsibility is generally given to the 
hydraulic engineer, who by his training can bring in purely technical 
solutions and activities, and this may generate conflicts with the 
decisionémakers. ” 

l.l.2.:,§hysica1 Component 

The physical component comprises the physical and 
morphological condition of the drainage basin and the nature of the 
occupancy and use of the land. It is through this component that 
floods cause loss of life and'physical damage. It greatly influences 
the choice and type of FPM by limiting the possibilities for action 

‘because of human and physical criteria. 

1.1.3. Sociological Component 

The sociological component is probably the most uncertain part 
of the FPM. Determining the factors and descriptors of this component 
is a random business that depends largely on society's cultural and 
economic development as progress is made toward the solution. .This is 
an enormous project for several reasons, including the growth of the 
society, involving a change in the physical and_social environment, the 
lack of any principle on how to envisage and contain such growth, and 
the refusal to abandon philosophies that are incompatible with 
society's post-industrial behaviour (Degreene, 1973). 

In the present state of affairs, the social descriptors can be 
expressed as the distribution of real income; the enjoyment of life, 
health and security; recreation and culture; emergency prevention and
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protection, and the search for comfort, the aesthetically pleasing and 
the common good (Grigg gt_a1. 1976). 

Decisions concerning the sociological component depend very 
much on society's political orientation and ideology; consequently, 
action in that area is closely tied to society's socio-economic, 
political and cultural development. 

1.1.4. Environmental Component 

The environmental component takes on increasing importance in 
industrialized societies. For FPM the losses and benefits assigned to 
this component are regarded as intangible factors: green spaces, 
unmanaged rivers and lakes; archeological, geological, aquatic and‘ 
‘other resources; the quality of the land environment and the use of 
non-renewable resources (Grigg gt_aL. 1976). 

1.1.5. Political Component 

. It is probably the political component that dominates action 
decisions in FPM. On the one hand, physical damage and human losses at times take on huge proportions and often local administrations are 
incapable of taking the necessary action to fight floods and limit 
their effects. It is therefore up to the central administration to put 
in place the necessary devices for reducing flood risks within an 
overall development policy. On the other hand, the reaction at the 
political level to catastrophes in general and.to floods in particular 
comes at the time of the crisis, contrary to what appears to be the 
rule for the management of other resources or crises. Thus, the 
political interest of FPM is temporary and diminishes with the 
subsidence of the flood (United Nations, 1977).

4 

Finally, a decision at the political level categorically 
reflects society's socio—economic and cultural priorities. 
1.1.6. Economic Component 

The economic component of FPM is the cost incurred for any planning action and any benefits that follow the action. In addition to these two factors, the economic component includes all the economic variables on which they depend such as the rate of interest and the 
conditions of payment. The descriptors of the economic component are the costs and benefits, which may or may not be quantifiable. 

The quantifiable costs are the cost of erecting the 
structures, of expropriation and of maintenance and handling during the life of the structures. To these costs must be added the related 
intervention administration costs. Among the costs that are not quantifiable is included the economic value of the relocation of the inhabitants of a flood region, of the social, environmental and



aesthetic destruction and the like. Finally, the residual damage must 
be regarded as a cost in the overall evaluation of the planned action. 

The first quantifiable benefits are probably the damage 
eliminated as a result of action in the flood plains. other 
quantifiable benefits are derived from the increased value of the 
lands, and so on. Benefits that are not quantifiable are the reduced 
danger to life, the development of the rural regions, social well-being 
and the preservation of the environment and of aesthetic values. 

In spite of a deeper.understanding of floods and their effect 
on flood plains, the benefits,_especial1y those regarded as intangible, 
are still very difficult to measure.; It is desirable that the benefits 
that are not quantifiable be considered within thé decision space. 

In conclusion, the objective of the FPM is to develop the best 
form of planning and-management of the flood plains While respecting 
the limits of the decision space. The weighting of each component is 
fairly haphazard and depends on the level of development of the 
community. 

1.-2. srspmnggicf noon PLAIN MANAGEMENT (I.=,'1‘>nA)__,j1j,_;:;._oqcE.-ss 

As was mentioned earlier, the conceptual-approach consists in 
regarding the flood.p1ains as a single. integrated system. In the 
following section, this question will be dealt with by developing the 
components of the floodeplain system.

’ 

1.2.1. Definition of a System ’ 
i

I 

A system is a set of physical or abstract elements, which have 
their own particular structure but which are interre1ated’so as to 

‘ produce a desired effect by the action of a given cause. ~Thus, any 
system involves a model that is a useful representation of the related 
parts of a reality. 

Generally speaking, this system can be characterized by the 
extreme conditions of its elements: the inputs and outputs as well as 
their interaction_with the systems environment and the interaction of 
the elements, along with the.inputs and the outputs of the system and 
the resulting feedback (Hall and Dracup, 1970). 

1.2.2. Inputs.and operators of a Flood System 

A f1ood+plaih.system is the complex set of elements that it 
comrises: .the inputs, the operators, the phenomenon itself, and the 
decisions'and,ac§ions resulting from the interaction of the_elements 
(BCECM, l976).d It can be represented schemati¢§11Y by Figure 1.3.



~ 
The flood system inputs may be endogenous or exogenous 

depending on whether they come from causes internal or external to the 
system. They fall into three classes: natural random variables, such 
as climatic happenings; actions by elements having no deliberate 
relation to the system and decisions made and applied for the purpose 
eof changing the reactions of the operators and the resulting phenomenon. 

_ 

The flood system operators are the elements forming the 
drainage basin as a whole: man, water and the shorelands. These three 
operators represent the geographic and economic entity subject to the 
interaction of the decision space components. The understanding and 
mastery of the foregoing can give direction to the choice of actions. 
which will change the system outputs, the floods, in the desired way. 
A more detailed description of various types of operators will be given later. 

A 
i 

The consequences of the interaction of the operators on the 
system inputs may be grouped into five classes defined according to the 
physieal factors involved (United Nations, 1977). These are snowmelt, 
ice jams or breakups, convection storms, cyclonic storms, and mud flows 
generated by rains. Of course several types of high water may work 
together to cause a flood and several floods can occur simultaneously. For the specific purpose of this study, that typology will be replaced 
by floods in rural regions and floods in urban regions. 

Floods in rural regions affecting large basins are caused by 
low-intensity precipitation over a long period, followed by rapid 
melting of the snow, whereas low-frequency high-intensity rainfalls 
cause floods in small basins. 

on the other hand, the rapid growth of urban regions has 
influenced the formation and existence of floods in urban basins and 
especially downstream from urban centres. The hydrographic effects of 
urbanization appear in an increase in impermeable.surfaces, resulting 
in increased surface runoff and an acceleration in basin response time to precipitation and snowmelt. 

l;2.4. Decisions and Action 

Once the relationship between the inputs, operators and the 
resulting phenomenon are determined, we have to go on to the studies needed for correcting or improving those relationships. Generally; in planning water systems, we can use two procedures. The first is to 
classify the possible solutions and, by elimination, keep the solution we think is best on the basis of experience and intuition. The second, based on constraints, is to classify all the components of the system and form possible combinations which, when examined from the economic, technical, political and social points of view, will provide the optimum solution (Yevjevich, 1974).



Thus,the EEM possibilities may be grouped into four 
categories, each of which corresponds to an attempt to act on the flood 
waters or on any activities that they might threaten; The categories 
are as follows: alteration of the flood characteristics; action on the 
degree of vulnerability to floods, action on the increase of losses. 
and a decision to bear the losses (United Nations, 1977). Figure 1.4 
shows the various possible types of management for flood control and 
the reduction of flood damage. 

‘ ' 

It is evident that.an optimum solution will be a combination 
of control measures. This optimum solution depends on two criteria: 
the physical site or the spot where the floods appear, and the 
distinction between property and activities. 

1.3 BJECTiVE AND PROGRAM STBQCTURES 

The complexity of the planning process varies from one region 
to another and depends on factors such as the incidence of the flood 
problem on the flood plains, the flood frequency, the distribution of 
the social and economic powers, and the fairly broad persPectives in 
which the plans and decisions have been worked out. However, the 
design methods, regardless of local peculiarities, consist of the 
following series of separate but interdependent steps (Maass et_al. 
1970). - - 

v-
V 

i. determination and evaluation of the objectives; 
ii. conversion of the objectives.into design criteria; 
iii. .development of a system specific to the problem; 
iv. empirical evaluation of the consequences of the program 

adopted. 

1-3-1 .0b_§sSFiVeS 

Two types of objectives have to be distinguished. The first 
is longeterm and expresses social and political ends such as an 
efficient economy, redistribution of income, and social equality. The 
second objective, which is short-term and long-term, is local in nature 
and expressed regional planning of the flood plains having regard to 
»socialéeconomic criteria. 

1.3.2. iDesign Criteria 

The design criteria are subject to two limiting conditions. 
First, they must meet the lonq-term, medium-term Or éhort-term 
objectives.‘ Second, they must be determined in relation to the‘ 
possibility of accomplishing the solutions selected from the legal, 
‘technical and financial points of view. 

*‘For this study, only_criteria corresponding to the 
hydrotechnical and economic components of the decision space W111 be



used. The hydrotechnical criterion will be that of the hydrological 
constraints of a set flood flow or the depth of submersion for a given 
return period. The economic criterion will be the economic yield of 
the action selected for the flood plains. Two cases may arise. In the 
first the benefits of several types of action are similar, and the 
criterion selected will then be the costs. In the second case the 
benefits and costs are variable and it is then necessary to conduct a 
combined benefit-cost analysis. Thus three methods are possible: 
computing the benefit-cost ratio; estimating the net benefits; and 
computing the internal yield rate. 

1.3.3. Systematization of the Problem 

Once the objective and criteria are set, we can go on to 
"simulation of the phenomenon, its operators and its impact on the 
design unit: the drainage basin. Thus, the flood plain management 
will be analyzed through a system of computer simulation in which the 
physical phenomenon, the two criteria, economic and hydrotechnical, and 
the regional peculiarities of the area under study are considered. 
Figure 1.5 illustrates this. 

In the first step, the flood flow or level or both are 
estimated at a water-level recording or stream—gauging station situated 
preferably at the downstream or upstream end of the river study reach. 
This estimate is based on a hydrological criterion such as the return 
period. For that, a hydrological model is applied to the historical 
data of the station. 

The second step is to ascertain the depth of submersion at any 
point along the banks. A conventional hydraulic model can simulate the flood flow or level and from that,the physical flood. 

- The third step is the estimation of the cost of the simulated 
flood on the basis of an economic model and on an actual case for which 
an investigation was made after a flood of given return period. 

Once the above three steps have been completed, the economic 
and technical simulation is updated. Knowing the cost of the flood, several regional studies can be compared using the decision criteria before implementation of the most desirable course of action. 
1.3.4. Feedback 

The effect of any flood protection intervention in the flood plains will be to decrease the probability of occurrence of a given flood and consequently, reduce flood damage. The feedback from such 
action must be examined in the chronological order of the passage of a flood, i.e.:



ii- 

iii. 

before the £;ooa so that the gffiegtivefiess of the action 
can be measured by the reduétiéh ih fihfi f190d fr9qUenCY4 
during the flood so that the reduction in the flood,‘ 

"damage measfires the efifectiveness of the action; 
finéily, afiteg the gloqds, by adjustment of-the flood 
risk zones.



CHAPTER II, - TIIEQRETICAL :C7I,Q7I§§.lpEl2§;'_I;‘IO_NS 

In this chapter, the descriptive approach to FPM will be 
‘ modelled as an integrated system of hydrologic, hydrodynamic and

H 

economic components. With this kind of approach to the study of 
fioeds, the hydrological components (depth of submersion, return 
period) can be estimated for each economic unit in the various activity 
sectors (residential, agricultural; and industrial and commercial) in 
flood plains. 

'2:-1,-= .—~*_“..‘.'9l¥..‘:l‘?._’:S’?$‘.,1—‘3N+-:;.““‘?F?.ET= 

A model based on the theory of extreme values and the random 
number of random variables presented by Todorovic (1970) was developed 
at the Engineering Research Center at Colorado State University. This 
model will be used for developing the FPM methods. 

2.1.1. Flood Analysis 

Let us consider a hydrograph representing the instantaneous 
flow of a river at a given "station for a time i_n_ter‘va_1 (o,t] (Fig. 22.1’) . 

Because of the discontinuity in the time of floods, the flood 
hydrograph can be obtained by applying the following model (Fig. 2.2): 

O 7.Qv.§ Qb 

gv = (2.1) 

Qv‘Qb ’Qv>Qv 
where Qb is the base flow (with no overflowing of the bank). 

If we look only at the maximum happening of the intermittent 
series, we can produce a discrete non-negative stochastic process of‘ 
the vth exceedance in the time interval (0,t]. Let us then define 
Ev as the vth exceedance occurring at time r(v) (Fig. 2.3). 

Ibis family of the discrete stochastic process § 
represents the basis of the model for evaluating the flood flow. 

The intermittent series shown in Figure 2.3 has two distinct 
types of properties: 

Dynamic property: 

i) time of occurrence of the exceedances g, e(O,t]: 

{Tv; v = 0, 1, 2,...} (2.2) 

ii) number of exceedances: (above a base flow Qb e(0,t]): 

n(t) = sup {v.-rm 5 t} (2.3;
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Quantitative property: 

i) Value of the eiceedance £ve(0:tl 

ii) value of the.maiimum exceedance defined by: 

X(t) = SfiP EV (2-4) 
A 

'r(V) t 

where x(t) is a non—decreasing stochastic process. 

2e.:I»..._,2;., ppynamic. Broperetievs. 

_ V 

Let us look at E5; the occurrence of v exceedances in 
the time interval (O,t]:, 

E3 = mt) = v} =,{r(») 5 t < + 1)} (2.3) 

If we assume that in certain conditions, P(E§) follows 
a Poisson process with the following Pérafleter: - 

A(t) = E[n(t)1 (2.6) 

where A(t) is a nonsdecreasing function that represents the density 
of the events Ev produced per unit of time. This function varies 
with the seasonal or annual climatic change; thus P(E5) may be 
expressed as:

V ” exp{—m<-Tn) - A(Tn_ 
t=T [A(m 5 - A(T _ PE 111) ___ 

n 
I.

n 
V 

4 

V. 
1 )1} (2.7)1 

where A(Th) - A(Tn;1) is the average number of exceedances in 
the time interval (Th_1, Tn]. . 

2.1.3. Quantitative Properties 

'Let the function of distribution of the maximum exceedance be: 

Ftrx) = P{x(t) §_x} (2.8)

10
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If we consider an independent and identically distributed 
distribution of the exceedances in a time interval (Tk.1, Tklr 
express Ft(x) as: A 

Ft(X) = eXP {- 
:g: 

[A(Tn) - A(Tn_1)][1 - Hn(X)] 

(2.9) 

‘ [A(t) - A(Tk_1)l[1 - Hk(X)]} 

for every k = 1,2,... and t e(Tk_1, Tk] 

with 

H(x) = Pfgv §_x} - (2.10) 

This function H(x) represents the distribution of the values 
of the exceedances and can be represented by any laws, such as normal, 
logénormal, or gamma, depending on the river or region. Rousselle 
(1972) found that an exponential distribution function can apply 
satisiaétorily for describing the distribution of the exceedances in 
most flood cases: 

H<x) = 1 — e"B“ s > o . ‘(2.;;) 

with 

}'J. B = EIEV (2.12) 

Thus, there are two cases to consider: 

i) the exceedances gv are independent and identically distributed 
over a one-year interval (zelenhasic, 1970): 

Egxx) % exp{—A(t)e'3“} (2~13) 

ii) the exceedances gm are independent and identically distributed -over a one-season interval (Rousselle, 1972): 

-six _ 

d V 
-32x 

Ft4(X) = EXP {‘A(T1)e - [A(T2) - A(Tl)]e 

-3 x -3 x 
- [A<T3) - A(T2)1e 3 

1- [A(T4) — A(T3)]e

11



with MT1). l.I..s(»'.I.‘2~) - A(T1_)], .[A('I:'3) 
—" A(TZ)'] and IMT4) = A(T3)]. 

representing the average number of exceedances for each season and 
8;: B2: B3, and 34 the parameters of the exponential 
function for each season. ' 

2 . 2 . HYDRODYNAMIC MODEL 

The hydrodynamic model tries to express the aspect of 
propagation of a flood of any probability through the river channel, in 
relation to the geometric and hydrographic characteristics of the 
natural stream_ahd £lood—plain channels of the watercourse and the 
nature of the flood-plains. The parameters that can in§1uen¢e~such a 
hydrodynamic model are those that define the flood order: the initial 
conditions (stage, discharge), the shape of the cross section, the 
slope,the roughness coefficient, and the lateral and subsurface 
ruhofiis. rhe £1995 wave médeis re: a one-dimensional flow in Which the 
vertical acceleration is regarded as nil are of the following flow 
regimes:- steady and unsteady. 

A flow is said to be steady when the local acceleration is 
nil. In a natural river, the flow can be regarded as steady and 
gradually varied, i.e., the parameters vary continually, progressively 
and slowly so that: " 

i. the shape and size of the river‘shcross'section and the 
‘slope of the bottom vary regularly and slowly: the 
curvature of the channel cross-section being small; 

ii. water depth varies slowly, the slope and curvature of the 
water surface being very slight. '

‘ 

Furthermore,for a flow to be considered as steady and 
gradually Variéfl the féiiéwihé h¥POEh€SéS must aPP1Y- 

i. tmhe flow lines are practically parallel, which implies a 
hydrostatic distribution of pressure in_all flow sections; 

ii. The rate of energy dissipation in each $96510“ is the. 
same as if the.£low were uniform- The rate can therefore 
be evaluated by the uniform flow'equation. This 
assumption is satisfied if the flow is accelerated or 
convergent, but it can be somewhat erroneous if the flow 
-is delayed or divergent. 

f.2.2. Unsteady Flow 

A flow is said to be unsteady when the local acceleration is 
not nil. This is reflected by flow conditions (such as the flow rate) 
that are changing in time and spaceg’ Several models have been

12
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developed to resolve this type of problem using, among others, the 
Saintévenant equations: the kinematic wave equations and the 
continuity equation. 

When the flood flow begins, it is probably unsteady; 
theoretical1Y: this necessitates the use of the Saint-Venant 
equations, In some flow cases, however, a steady—regime model can 
satisfactorily represent the flood. We can conclude, as did Priessmann 
(1971), that choosing the most accurate approach does not necessarily 
bring more precision than the use of a simpler method. The choice of 
the most appropriate model must be based on the aim, the degree of 
accuracy desired and the cost of the simulation as well as on the data 
and the type of computer available. 

2. 3.. ....E_c.oz.«.oM_Ic MODEL 

The economic component is probably one of the most important 
components of the decision space. It embraces both determining factors 
in the classification of the FPM solutions: the benefits and the costs 
_associated with any given project. 

The cost factor can be divided into two parts, the cost of the 
project and the residual damage. In what follows we will concern 
ourselves with the damage component and present a model relating it to 
other hydrological and physical variables. 

2.3.1. Definitions 

Before giving an outline of the forecasting of flood plain 
damage, it is useful to differentiate the types of damage which occur. 
After a flood, the flood plains are subjected to direct, indirect, 
secondary, intangible and uncertain damage (Breaden, 1973)- 

This broad classification of damages presents difficulties in 
estimation and consequently, forecasts of total damage are inaccurate. We wi,l therefore use for this study the classification of the 
International Champlain—Richelieu Committee (CICR, 1977) by grouping the damage into physical damage and primary and secondary non—physical damage - 

.The physical damage is the physical losses caused by the flooding of buildings and their contents, crops and lands (affecting their productivity), transportation facilities (like bridges, roads and 
watermains), soils, docks and retaining walls, and public utilities. This damage represents the cost of restoring the property to its pre-flood state by replacement or repair (CRAR, 1977). 

Non—physical damage consists of: losses caused by the 
interruption, in the flood plains, of normal economic activities, such as limited or no access to properties; the cost of fighting floods and

13



of other temporary waterproofing measures; the increase in the cost of 
living due to temporary evacuation; cost of the subsequent_cleanup; 
loss of use of private docks and beaches; loss of business income; 
reduction in the value of crops depending on the duration of the flood; 
and shortening of the economic life of developments or an increase in 
the éOSt 9f maintenance- 

Non-physical damage is divided in this study into primary and 
secondary for the following reasons. 

i. Data for the upper Richelieu basin in Quebec were derived 
from site surveys of damages incurred at the time of the 
1976 flood. These nonephysigal damages were subdivided 
into primary and secondary damages. 

ii. The advantage of having an estimate of the secondary 
non-physical damage for the study and the implementation 
of a flood warning system. 

The primary non—physical damage represents the losses due to 
an interruption of normal activities or regular service or both for 
which no compensation could be obtained from a source outside the 
flooded area. Secondary non—physical damage, on the other hand, 
represents the losses due to the preventive measures taken to limit 
flood damage (CRAR, 1977). 

2.3.2. Factors:Affecting the Damage 

A flood is a complex event. It will be difficult to 
understand all the endogenous and exogenous factors as well as all the 
components of the flood — flood-plain system. Most systems/are in 
general agreement on the main factors that affect flood plain damage. 
We can class them in three groups: 'hydrologiéal factors; human 
adjustment factors, and land use factors (Mcqrory gt al. 1976). 

Hydrological:Factors 

These factors are directly linked to the occurrence of a flood 
and the flood‘s hydrological characteristics, which are, among others: 
depth of submersion; water velocity; duration of submersion; sediment 
load; duration of the flood; time elapsed between consecutive floods; 
and the presence of ice. , 

Human Adjustment Factors 

The warning time before the flood can play an important role 
for emergency prevention_and_the evacuation of goods from the’flood 
zone. Also, the preventive action taken in the flood plains will 
reduce damage and decrease the severity of emergency measures 
the flood (Rousselle and El=Jabi, 1977).

‘
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Land Use Factor 

This factor concerns the type and value of the property 
affected. It also includes the value and the location of damaged 
equipment. 

It is virtually impossible to consider all such factors in a 
mathematical model for estimating damage. Consequently, we must make a 
judicious choice of a few factors only. Also, we must not forget that 
any model must be verified by means of empirical data. 

2.3.3. Damage Estimation Methods 

Most, if not all, of the damage estimation methods for a 
particular river basin are based on monetary losses calculated from a 
flood of known return period. In the studies analyzed, there were 
basically three methods.of conceptualizing the flood-damage 
relationship: empirical, simulation and correlation. 

This method consists in establishing a relationship between 
the hydrological characteristics of floods, generally the depth of 
submersion, and the damages resulting from floods of different return 
periods. 

This is the oldest method. It is reliable within the limits 
set by the quality of the information gathered and if it is used in the 
same area in which the survey was made. The results cannot be 
generalized in space, nor can the information be projected for higher 
recurrence intervals. This kind of curve can, however, be produced and 
usedfifor each economic activity sector, but within the space-time’ 
limits mentioned. ‘ 

Simulation Method 

This method consists in simulating the flood process in flood 
plains, which provides hydrological characteristics such as depth of 
submersion and return period for each unit of the economic sectors 
(residential, industrial, agricultural, and so on) in the flood 
plains. filood-damage transfer functions, generalized in time and 
space, can thus be established. 

This method has the advantage of being adjustable to the 
economic changes in the flood plains and hydrological changes, in 
addition to offering possibilities of regionalization. 

'15



CorrelationAMethod 

Soe authors have developed, from experimental data, relations 
that give directly the damage caused to a property as a function of the 
depth of-submersion or other factors. This type of relation, called 

» Fa99re9ate"; is Obtained by an anaiyeis of the Correlation between the 
damage estimeted fgqm a survey-and the hydrological and economic 

yeheraeteristiés er the flood plains. Its prime advantage lies in the 
-estimation of the annual damage for the area in question. 

Since the damage is completely dependent on locality, it is 
difficult to generalize a method of estimetign. .Severa1_factors have 
£9 bé taken inté consideration. These factors include: the importance 
and applieation of the studyiwhich dictate the desired degree of 
precision: the activity ‘sector ana.;1yz_ed as we1—;.1 as the Level of 
ecbfiemic development of the banks; and the quality and quantity of the 
collected historical data. .

‘ 

However, one point common to all damage studies is the quality 
and xeliabiiity of the surveys sihde. as stated abave. the application 

on which the model is based.. 
—Q£ any damage estimation method is based on the data for known floods 

2-3.4, Model :9: Eva1uating;Fla9d.P1ain.Damagey 

The evaluation of losses in urban regions subject to annual or 
seasonal floods depends on two types of variables: enatural random 
variables (flood occurrences) and non-natural deterministic random 
variables (ecandmic deveiapment of the area), Thus. a loss evaluation 
model must contain the largest amount of regional information possible 
so as to accurately represent the nature of the losses in urban and 
rural areas. Afi.a§éqUate~m9§§1 must: 

i. give a simple representation of the physical aspect of 
the PrOblefl;

_ 

ii. .be capable of simple execution with due regard to the 
information available; _. _ 

iii. give a su£ficient,'acceptable idea O§.the possible 
losses and damage for any given flood; 

iv. be general and dynamic so that it can be applied tq any 
area. . 

Thus, to define the damage function, we use the following 

d, a vector the elements of which describe various possible 
types of physical and non—physical damage; di is the state 
of a vector in geographical unit i;
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K, a vector the elements of which describe all the physical 
capital such as residences, commercial and industrial 
buildings. and stocks. and associated activities such as 
production flow and domestic services; K1 is the state of 
this vector before the flood in geographic unit i; 

Y, a vector the elements of which describe the flood 
characteristics such as water depth and velocity, duration, 
and water quality; Y1 is the state of this vector in 
geographic unit i. 

The damage function can therefore be written generally as 
follows: 

d = f(KrY) (29.15) 

In view of the typology of d, K and Y we can, for any operational 
geographic.unit for which we have a base of reliable data, calibrate 
this fUh¢ti6nfiWith_al1 the regional data, use it.for the planning of 
each geographic unit 1 (such as evacuation plans, flood warnings, dikes 
and_cana1s) and the management of the activities in this unit (such as 
the elevation of risks and insurance, or location). All we need do is 
restrict ourselves to the values of K1, Y1, i.e.: 

di — f(Ki, Yi) (2.l6) 

These applications can easily be referred to the whole area. If we 
describe the area as a collection IR of geographic units, we of 
course have: 

dR = 
_ 

2 
_ f(Ki, vi) 

' 

_ 

(2.17) 
ie:i.R 

In view of the nature of the flood damage, the_function dR is a 
‘monotonic continuous, non-decreasing function such as: 

d _ ° 7 Yizfi Yib 
_ 

(2 18) R- "' 
dn 7 Y1") Yib

' 

where Yib is the hydrological vector in the geographic unit 
corresponding to the base flow. 

Damage Distribution Function (fin?) 

In the development of the DDF, the following hypotheses have 
been made: 

i. There is only one given geographic unit for development 
of the DDF, i.e., i=1.
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ii. Of the hydrological vectors Y1, only the water level 2 
is taken into acéount. since the existing damage data 
include only this hydrological variable; 'Thus, in the 
method, Y is simply replaced by 2. Thus the damage 
function becomes:l 

d = f(K, z) 
' 

‘ 

(2.19) 

River Water Level Distribution Function 

_For any gauging station, we can write: 

2 = 9(X) ' (2.20) 

Equation 2.20 represents a relation between the water level and the 
flow of a river. This equation is established empirically and is 
continually improved through the accumulation of hydrometric data. 
Because of the nature of the flow of rivers and streams; equation 2.20 
is a monotonic, continuous, nonidecreasing function: 

.= 31 V
5 

X 9 (Z) (2-21) 

Let us define Z(t) as being the level for an exceedance x(t); in this 
case 

1=[z<t_) 5 21 P[9[x(t)] 5 21 
' (2.23 

P[x‘(t) 5 g‘1<z)1 
but equation 2.22 is none other than the distribution function of the 
maximum exceedance, i.e,: 

P[Z(t) 5 21 = Ft[9'1(z)] (2.23) 

Depth of submersion - Damage Relation 

Given the occurrence of an exceedance x(t), the loss 
suffered by the area will be 

D(t) é 9[K, Z(t)] (2.24) 

where K is the stock of physical capital in the area. By virtue of 
Aequation 2.21, equation 2.24 becomes 

D(t) = e{K. g[x(t)]} - (2-25)
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The DDF ¢t (d) for a time interval (O,t] will be given by 

¢(d) P[D(t) 5_d] (2.26) 

P{9[Kp g(x(t))1 5_d } 

P{9[x(t)].g 9'1 (K. d)} (2.27) 

On the basis of equation 2.22, equation 2.27 can be written as follows: 

¢t (d) = p {x(t) 5 g‘1Ie'1(K.d1} (2-28) 

but equation 2.28 is none other than the distribution function of the 
maximum exceedance Ft(x) given by equation 2.9. In that case the DDF 
will be given by 

¢t (d) = Ft{9'1[6'1(K.d)]} (2.29) 

This distribution function is valid for maximum exceedances identically 
distributed over a year or over a season. 

Damage Function e(k,Z(t)) 

To derive equation 2.29 it is necessary to know g(z) and 
_ 
9(k:Z(€))- Thé Stage-discharge relationship is generally known for a 
given gauging station. There remains the losses function to derive 
before developing the.DDF¢t(d). 

The losses function e(K,z(t)) is a nonidecreasing function 
that uses information on the economic development of the flood area for 
a better estimation of the losses incurred in that area. A function 
can be estimated at random and verified on the basis of historical 
data, or else the function can be derived on the basis of the economic, 
topographical or other properties of the area. it is suggested that 
the second choice be preferred for the following reasons. 

i. The existing data in urbanized areas may be incomplete 
because oi a lack of geographic details or of annual 
data or other such information. 

ii. Information may be totally lacking in areas in the 
process of urbanization. 

iii. There may be a sudden change in the economic development 
of the flood plains. 

iv. There may be a change in flood frequency resulting from 
the installation of a flood control system. 

Let us take any area subject to floods (Fig. 2.4). The losses 
suffered by any structure A because of rising water may be estimated 
(Bhavnagri and Bugliarello, 1965) at
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dA(Z) ? KA 6(Z) / 
(2-30) 

where dA(z) is the financial losses suffered for structure A, 
KA is the coefficient of characteristic damage which is 

a function of sttu¢tute.A. and -

. 

6(2) is the non-dimensional normalized damage function. 

Since equation 2.30 is linear, the losses suffered for two identical 
structures A and B are ' 

dA+B(z) = (KA_+ KB) 5(2) « (2.31) 

For a flood plain level j, bounded by real or hypothetical 
contours, the losses will be given by: 

dj(z) = Bjv5(z) (2.32) 

where Bj = Zr Kj r 
’, (2.33)' 

with Kj I being the coefficient of characteristic damege of the 
rth structure in the jth Section. In practice, estimating B‘ 
appears to be an enormously laborious task compared to the accuracy 
obtained in the computation of flood losses. For that purpose, let us 
'define.Bj, the mean coefficient of characteristic damage, as follows: 

sj,=,§ Kw Ajw — 
~‘ 

_ 

. .<2.34) 

where Kw — is the coefficient of gnaracteristic damage for region w 
(reeidential. commercial. and so on) in-monetary units 
per unit area for a maximum floed stage a. and 

Ajw is the area occupied by region We 

The loss suffered at level j will therefore be‘ 

djgz) = Ej 5(2) (2.35) 

The estimation of losses for all flood plains, for a given 
flood occurrence x(t), becomes (Fig. 2.5): '

‘ 

i _ 
D[Z(t)I = ; Bj 5[Z(t) - zj_1] for 1 =.1,2,... (2.36) 

j=l 
. 

" 
.

- 

Equation 2.36 enables us to find the losses suffered by the 
region under_study for various return periods T and for a water level 
2. from which_we can éstimete the damage fuhctien e(k:z), since 

D[2(t)1 2 9[k,2(t)] i 
‘ -'(2.37).
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Normalized Damage Function 

The basic assumption in estimating 6(k,z) is represented by 
the normalized damage function §(z). This nonédimensional function 
summarizes the process or manner in which floods cause losses and 
damage to any structure. It is a function of the topography of the 
banks, the intensity of economic development of the flood plains, and 
the characteristic flood stage "a" or maximum flood stage beyond which 
the losses will be independent of the water level. It is a 
non—decreasing function defined as follows: 

6(2) = 0 V z < 0 

5 < 5(2) < 1 v o < z < a (2.38) 

5(2) = 1 V z > a 

It can_be computed from the historical data or estimated from the 
intensity Of the economic development of the region in question. 

This normalized damage function and the coefficients of 
characteristic damage markedly influence the derivation of the damage 
distribution function (DDF). In an urbanized area, in establishing 
this function and the coefficients we encounter practical problems and 
;epla¢e.the DDF with a total damage function, whereas in an area in the process of urbanization, with a master plan of controlled development, 
it is possible to estimate these two variants. We will now present an 
integrated application of the methods previously shown (Rousselle and 
E1-Jabi. 1977). 

Total Damage Function (TDF) 

In urbanized areas like the Richelieu River basin in Quebec, the TDF must be estimated in the following way. 
i. Draw up a typology of damage, physical capital, 

’ activities and descriptive parameters which describe 
_ 

previous floods. 
ii. Specify the analytical forms of the TDF. 

iii. Calibrate these functions with existing data. 
Thus, as a first step, the typology of the damage and of the 

physical capital has been defined as a function of the availability of data, which changes from one case to the next. This typology is made 
very clear in the chapter on computer application. 

In specifying the analytical form of the TDF, a dearth of 
equivalent studies in the scientific literature is encountered. The results of after-flood surveys have always shown a wide dispersion of data, and thus prevented the development of satisfactory analytical representation.
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To overcome this difficulty, the damage, the types of physical 
capital and the types of activities are correlated. It is not easy, 
however, to pick out and evaluate such correlations. .For example, the 
damage could be assumed to be a fixed proportion:of the capital and of 
the activities. This would result in a classic economic problem. The 
activities and the capital are linked in a more complex way than simple 
proportionality. Factors which bring about the damage (water level, 
for example) must also be considered in establishing such relations. 
This is important if the damage functions are to be used for evaluating 
possible substitutions among the "factors of production" K and Y, in 
the economic computations. 

This relation is therefore not linear, but takes the form of 
an S curve (Dantzig, 1956). It keeps the same characteristic as the 
damage function, i.ea, monotonic, continuous and non-decreasing with, of 
course, non-negative values. 

Generally, factor K in equation 2.15 refers to the physical 
capital in the flood zone, and the function can be written in the form 

d = a(K,Y)K ' (2.39) 

Also, we shall distinguish the water surface elevation, 2, from the 
other elements Y* of the hydrological vector Y, i.e.: ‘ 

The Gompertz distribution also answers these characteristics. 
It is an S curve that can explain certain kinds of growth in economics 
(Jantsch, 1977 and Ayres, 1972). In our case, the Gompertz 
distribution is expressed by: 

..‘*' 
1 e-a(Y*)[l-e “(Y )2] 

d = kg(k) *2 ‘[e v - 1] ' (2.41) -a(Y ) ee -1 

Let us take as a first approximation 

a(Y*) = a = Cte 

g(y*) = a = Cte 

Equation 2.41 thus becomes 

1 
e-a[l-e-Bz] H 

d = kg(k) *—:;*———- [e — 1] (2.42) 
e W 

e -1
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This function has the following properties: 
i. for a given physical capital K = R and the damage 

depending on the level 2, i.e.: 

_ _ 1 e-a[1—e”3z] 
d = kg(k) —e———————— [e - 1] (2.43) 

e -1 
The limits of equation 2.43 are d = 0 for z = 0 and d = fig (E) when 2 + m and the trend of the function is as follows (Fig. 2.6). 

1 

It should be explained that Gompertz's distribution is a monotonic, continuous, non-decreasing, non-symmetrical function about its inflection point. Among others, it depends only on the flood level z 
through the two parameters a and 3. 

ii. For a level z = E, the damage depends on the physical 
capital, according to the relation 

1 
e-a[1-e‘3zj 

d = kg(k) '-:E‘——*‘* [e - 1] (2.44) 
ee -1 

d = kg(k) [constant] (2.45) 

whence the prime advantage of this function which is probably the 
flexibility in the choice of the productivity function g(k) which may be established as a function of each region without any change in the exponential damage process. Thus, it is fairly simple to calibrate such 

T 

a function in the present survey conditions. 

Finally, this total damage function d(K,Z(t)) is the equivalent of the loss function 6(K,Z(t)), i.e.:
I 

au<.z(t)) 2 e(k.z<t)) (2.45; 
and_it will be possible to derive the damage distribution function from this relation (equation 2.46).‘
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CHAPTER III - NUMERICAL APPLICATION 

The Flood Plains Management (FPM) methodO10gy is applied to the 
drainage basin of the Richelieu River in Quebec, Canada. The rééSons 
for the choice are the following.

' 

i.. The economic activity in this basin is diversified and 
mainly residential and agricultural. it

. 

ii. Data on filood damage are available because of a study 
conducted after the 1976 flood by the regional_ 
development research centre of_the University of 
Sherbrooke (CRAR, 1977). 

'

. 

"iii. There exists a projection of future flood damage up to 
the year 2030: this makes possible a comparison with 
other projection methods. 

iv. The feasibility.study of the flood-plain_management 
describes several types of intervention projects of the 
Richelieu River-(CICR, 1977). This choice.thus provides 
a comparison with other methods of intervention. 

v. Because the Richelieu River lies in both Canadian and 
American territory, there have been a number of studies 
under the aegis of the Canada=United States International 
Joint commission. The Richelieu River basin was among 
the priorities of the government.agencies concerned and 
documents on that basin are therefore abundant. 

3.1. CHARACTERISTlCS Q,THE_BICHLIEU RIVER BASIN 

The Lake Champ1ain=Riche1ieu River basin takes up the 
northwestern part of the State of New York and the western part of the 
State of Vermont in the United States, and part of the southern part of 
Quebec Province in Canada (Fig. 3.1). The drainage basin has a total 
area of 9220 square miles oi which 1460 square miles lie in Quebec. It 
extends north over a distance of 200 miles, and has a maximum width of 
105 miles.

’ 

The Richelieu River flows north from its Lake Champlain outlet 
at Rouses Point in the United States, to the point where it discharges 
into the St.-Lawrence at Sorel, Quebec. From the international border 
to Saint-Jean, a distance of about 22 miles, the Richelieu drains a 
strip of low-relief land with a maximum width of 15.5 miles. It has a 
very gentle water surface slope of about one foot for average flow. 

The region under study is limited to the Canadian part of the 
Richelieu River basin which, excluding the Missisquoi lands, extends 
from the international border to the Fryer's Island dam (Fig. 3.1). 

3.2. HYDROLOGY or THE RICHLIEU RIvER_BAsIN 

Analysis of the hydrological behaviour of drainage basins 
requires reliable homogeneous data on the random variable “rate of flow“ 
or on the “water level" at a selected water-level recording station. 
Stream-gauging station 02flJO07 was used for the following reasons.
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1. Its site is adequate, being just downstream from the area 
under study; this facilitates the application of the 
hydraulic model because of the steady state nature of the 
flood discharge passing through the study area. 

ii. There are data from 1938 to the present, including data 
' for 1976, regarded as a record year and a year for which 

a survey of flood damage was carried out. 
iii. The stage-discharge relationship is available for the 

complete record of levels. 
iv. There is a relationship between the flow rate at station 

02flJ007 and the level of Lake Champlain at Rouses 
Point in the United States (Fisheries and Environment 
Canada, 1977). The data recorded at that point are the‘ 
most reliable for explaining the hydrological behaviour 
of the Richelieu and cover the longest period of record 
(1878-1977); the results of this research can be compared 
with those of other studies that used the Rouses Point 
data. 

.vThe flow at gauging station 02flJ007 was measured 
'continually in winter as well as in summer (Kirk, 1976). The base flow 
(flow without any overflowing of the banks) was set at 25 000 cfs 
(708 m3/s), This flow is the maximum beyond which damage may arise 
and this physical meaning of base flow does not contradict the mathematical criteria of the hydrological model (CRAR,-1977). The 
series of annual extremes contains 62 exceedances with an average 
exceedance per year of 1.550, as shown in Table 3.1. The floods in the Richelieu occur mainly in the spring, after an intense snowmelt in a 
fairly short time. The floods are attenuated by Lake Champlain, which 
regulates the high inflows to the lake over a period of many weeks. For computation purposes, the dates of the exceedances have been replaced by numbers beginning with October 1 = 1, and ending with 30 September = 365. 

3i2.l Dynamic Properties 

vThe basic parameter of Poisson's distribution that governs the 
dynamic properties of the exceedances is A(t) = E [n(t)], or the 
density of events Ev per unit of time. Time intervals of 20, 40, 60,.,.360 and 365 days were used for estimating the function A(t) 
(Fig. 3.2). The annual distribution of the number of exceedances will be given for the interval (O,t] = 365 days and (t) was estimated at 
K(t) = 1.550, whence the annual distribution function of the number of exceedances.

V 
P(E:) = llfi?§2l- exp(-1.550) 

The parameters A(t) of the seasonal distribution of the 
number of exceedances was computed from the theoretical distribution of 
A(T) and the results obtained are shown in Table 3.2. 

The adjustment between the observed distribution and the 
Vcorresponding theoretical distribution of the number of exceedances was verified at a confidence level of five per cent by the use of the
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chi-squared test. Figure 3.3 shows the theoretical and observed 
frequencies of the exceedances for_various time intervals (O,t]. 

3.2.2. Quantitative Properties‘ 

Analysis of the quantitative properties of the maximum 
exceedance requires know1edge.of the function H(x). This fiunction may 
take any form of distribution such as nQfmal. lcq-normal. of gamma 
according to the river being studied. Assuming an exponential 
distribution of H(x) and using the Kolmogorov-Smirnov test, the 
adjustment of the observed values to the exponential distribution was 
accepted at.a five per cent confidence level. For an annual 
distribution of exéeedances. parameter 8 is equal to.1;604 X 10‘4 
and function H(x) will therefore be 

H(x) = 1 - exp {-1.604 x 1o‘4x} 

For a seasonal distribution of exceedances, the 8 parameters 
‘ of the exponential distribution are given in Table 3.3. 

Knowing the parameters of the Poisson distribution A(t) and 
the exponential function 8, the exponential function of the maximum 
exceedance for an annual distribution of exceedances is given by: 

Ft(x) = gxp{=1.5so exp [-1.664 x l0’4x]} 

For different seasonal combinations, this function will be 
obtained by the use of appropriate values A(t) and 8 (Tables 3.2 and 
3.3). — 

‘ 

Adjustment of the observed distribution of thé maximum 
exceedance to a double exponential function was verified at the 
five per cent confidence level by use of the Kolmogorovesmirnov test and 
the results are shown in Figure 3.4. 

A study of several return periods T varying from 10 to 10 000 
as a function of the flow is shown in Figure 3.5. If the 
stage—discharge relationship of gauging station 02flJ007 is used, a 
development similar to the one shown before yields the relation between 
the return period and the water level. 'Figure 3.6 illustrates this 
application. 

3.3. HXDRAULICS or THE RICHELIEU RIVER BAsrn 

Flood discharges for various return periods were estimated from 
the results of the hydrological analysis at a gauging station just 
downstream from the area under study. The flood stage, at the gauge; 
for each discharge was obtained by.meahS Of the 5ta9e'di59har9é 
relationship. Ihe next step was to compute the corresponding stages in 
the flood plain under study for each discharge of a given return
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period. These stages were computed by using the HEC—2 steady state 
hydraulic model of the U.S. Army Corps of Engineers. The use of a 
steady-state model for these computations is valid for the following 
reasons: 

i. Lake Champlain at the source of the Richelieu River has a 
predominant regulation effect on Richelieu River 
discharges. 

ii. The flows of the small tributaries of the Richelieu 
between Lake Champlain and SaintjJean are very small 
compared to the river's average flow; therefore, all 
lateral flows may be disregarded (Poulin, 1973). 

iii. Richelieu River floods are spring floods and are due 
mainly to the snowmelt. The flow variation over time is 
therefore fairly small. The level of Lake Champlain 
remains high and stable during the period from April to 
June when 94 per cent of the floods are observed.’ This 
flow can thus be regarded as quasi-steady and it is 
possible to resolve it by equations for gradually varied 
flow. 

The theory for this type of flow is well established for canals 
and natural watercourses and can produce very good results when properly 
applied. The major source of error in this case is probably the data 
representing flow conditions. Such data can be grouped into two 
classes; according to the flow characteristics. 

3.3.1. Geometric Characteristics of the Low:flow and High-flow Channels 

The topographic data for the natural stream and the flood plain 
of the Richelieu were provided by the Quebec Department of the 
Environment and the federal Department of the Environment. These data 
are as follows. 

i. There is a representation of the longitudinal profile and 
the natural stream channel from cross section surveys. 
The area under study was divided into two sectors. The 
first extends from the Fryer's Island dam to the Gouin 
bridge and includes the Saint-Jean rapids; 21 sections 
1700 ft apart on average were considered. These sections 
were surveyed by the federal Department of Public Works 
in 1937 and a number of them were checked in 1972 by the 
Quebec Department of Natural Resources. The second 
sector extends from the Gouin bridge to the U.S. border, 
where 59 cross sections 2000 ft apart on average were 
checked. These sections were surveyed by the federal 
Department of the Environment. '
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ii. There is the topographic representation of the flood‘ plains from two series of maps extending from the Chambly 
region to the international border. The first series, to 
the Scale Of 134300. is from the Quebec Department of the 
Environment. The other series, to the scale of 1:12 000 
with l0-ft contour intervals, is from the federal

4 

Department of the Environment. With these maps the cross 
sections in the river's flood plain channel were 
determined, permitting delineation of areas subject to 
flooding on both sides of the river.

A 

3.3.2. Flow Characteristics 

The flow characteristics can be grouped into two categories. 
The first provides information necessary for commencing the computation 
of the water surface whether it be a level or a flood stage. This 
starting level is downstream from the area under study and it can be 
obtained from the stage—discharge relationship. The second category 
gives the information concerning the flow behaviour in relation to the 
physical and topographical nature of the river. This behaviour can be 
represented by the roughness of the bottom or friction effect. This 
ffiiétioh effect is represented by Manning‘s roughness coefficient (n) 
for each cross section. The coefficients are estimated by the 
reconstitution of a water line already observed. During the spring 
flood of 1972, the Quebec Natural Resources Department made 
instantaneous surveys between the Fryer's Island dam and the Canada-U.S. 
border. These surveys were made at l2 water-level recording stations 
for a flow of 30 000 cfs. The information was used for calibrating the 
hydraulic steady—state model and the results are shown in Figure 3.7. 

The Manning coefficients thus estimated are representative of 
the river's natural stream channel. The roughness in the flood plain 
channel was regarded as equivalent to that of the natural stream channel 
with a constant increase of 0.005 (Chow, 1959). This increase was 
considered identical for both banks of the river. 

3.3.3. vFlows for Different Return Periods 

When the characteristics of the natural stream.and flood plain 
channels and the roughness coefficients have been defined, it is 
possible to reconstitute the water profiles or the backwater curves for 
flows corresponding to different return periods. The U.S. Army Corps ofp 
Engineers steady—state water surface profile (HEC-2) was used for this 
purpose. HEC-2 uses the method of successive approximation by section 
with the help of the energy equation in which the total energy is 
applied to the cross sections of the river. The Manning equation is 
used for computing the head loss due to the friction between cross 
sections. Other local hydraulic losses such as the effects of piers or 
channel transition were taken into account indirectly in the estimation 
of the Manning coefficient.
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The program shows considerable flexibility, since the data for 
the cross sections can be interpolated to add to the accuracy of the 
water profile computations. The critical stage is also determined for 
each cross section to check on the flow regime. By applying the model 
to the study area and using the results of the hydrological models, the 
backwater curves for return periods of 10, 20, 50, 100, 200 and 500 
years were reconstructed for the following two cases. » A- 

i. The exceedances are independent and identically 
distributed over an interval of one year (Fig. 3.8). 

ii. The exceedances are independent and identically 
distributed over an interval of one season (Fig. 3.9). 

By reconstituting the backwater curves in this way, flood stage 
can be determined at any point on the flood plain for various return 
periods. 

3.4. ECONMY OF TH RICHELIEU RIVER BASIN 

Application of the methods for flood—plain management in the 
study area in the Richelieu River drainage basin requires the use of the 
results of the hydrological and hydraulic models as well as those of the 
economic model. To calibrate the latter a historical case is used. 
With this combination the flood—damage transfer functions are derived 
and then flood costs are estimated as a function of the return periods 
by assuming that the exceedances are independent and identically 
distributed over the time intervals of one year and one season. 

1976 Surve 
~ ~ ~ _3_._74,,1 

In 1976, rising water generated mainly by an early, 
‘ long-lasting snowmelt overflowed the banks of the Richelieu, thus 
causing the biggest flood since 1903. As a result of this'flood, which 
caused damage estimated at $3 117 000 (for 1976), an on—the—site survey 
(C:RA.R.. 1977) was conducted: 

i. to find the stage—damage relationship for the various 
types of damage for various economic sectors; 

ii. to establish a flood damage projection for the period 
1976-2030. 

Before presenting the results of this survey, which will be 
used for calibrating the economic model, certain things must be made 
clear: 

(a) The economic activity in the study area will be divided 
into five categories representing the basic land use: 
permanent residential sector (PRS); secondary residential 
sector (SRS); commercial and industrial sector (CIS); 
agricultural sector (AS) and public utility sector
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(PUS). The last sector (PUS) will be excluded from this study because of the lack of any inventory or evaluation details. ’ 

(b) The flood damage will be defined according t9 the 
following types: physical damage (D010); non—physical 
damage (D020); primary nonéphysical damage (DO2l);_ 
secondary non-physical damage (D022); and total damage 
(DTOT). These types of damage were described in 2.3.1. 

(c) The municipal administrative division of the area under 
study is respected and consequently each municipality is 
regarded as an autonomous entity for which it is-assumed 
that the water level is uniform for a given return period and that the value of the physical capital is uniformily distributed for the various economic sectors. This 
administrative division is composed of nine 
municipalities (Fig. 3.10): SainteJean (R¢l); 
Saint—B1aise (Rd2); Saint—Paul—de-l'Ile—aux—Noix 
(R¢3); Notre-Dame de Mont—Carmel (R¢4); Iberville 
(REl); Saint—Athanase (RE2); Saint—Anne de Sabrevois 
(RE3); I-Ienryv[il—l_e (RE4); and Saint-Thomas (RES). 

The survey of the flooded area of the Richelieu, which 
consisted of a series of questions, attempted to determine the dollar damage in 1976 on the basis of the water level derived from aerial

_ photographs of the flood. In the survey an attempt was made not only to determine this reference level (RL), but also to estimate the damage 
that could occur from a theoretical flood one foot higher than the 
reference level (RL+l). In addition, the survey made it possible to 
establish the zero-damage water level which corresponded to a base flow 
of 25 000 cfs. 

The sampling varies with the economic sector." For the two 
residential sectors, permanent and secondary, the sample represents 
10 per cent of all the units affected; the sample represents 25 per cent 
of the agricultural sector and 100 per cent of the commercial and 
industrial sector. The results are grouped in Tables 3.4 to 3.7, which 
give the various types of damage for each municipality in the study area 
for the appropriate economic sectors. The damage is given for the 
actual flood (RL) and for the hypothetical flood (RL+1) in 1976 dollars. 
3.4.2. Estimate of Total Damage Functions 

The total damage function, in the form of a Gompertz curve, is 
calibrated from the submersion depth, the value of the physical capital 
and the total productivity function with the following assumptions being 
made (CICR, 1977). e
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i. The physical and non-physical damage does not vary with 
the date or duration of the extreme flood stageS fOZ the 
permanent and secondary residential and the commercial 
and industrial sectors. 

ii. The agricultural damage observed during the 1976 flood is 
regarded as typical and consequently the date and 
duration are implicitly considered in the estimation of 
the total damage function, keeping in mind that 
94 per cent of the floods are concentrated in the period 
from April to May, the time of the reference flood. 

Furthermore, the total productivity function g(K) is taken as 
equal to unity due to lack of information for a more precise 
qualification. The Gompertz total damage function thus becomes 

..Bz -all-_e ] g=__a_.{ee -1} 
e - 1 

Calibration of this function consists of estimating the 
parameters a and B, knowing the economic variable K, and the 
‘hydrological variable Z for the economic sectors and the various types 
of damage. The units of the variable d are regarded as unitary for the 
economic_sectors; permanent residential: S/unit; secondary 
residential: $/unit; commercial and industrial: S/unit; and 
agricultural: S/acre. ' 

The least squares method for non-linear functions (Draper and 
Smith, 1966) made it possible to choose the best theoretical curve for 
the unit damage values by use of the Levenberg-Marquardt smoothing 
algorithm (Brown and Dennis, 1972). 

The smoothing of the values observed for the various types of 
damage is shown in Figures 3.11 to 3.15 for the secondary residential 
sector. Figures~A4l to A—l5 in Appendix A illustrate the total damageli 
functions obtained for the permanent residential, the commercial and 
industrial, and the agricultural economic sectors, for various types of damage. 

With these total damage functions, and employing the results 
shown in Figures 3.8 and 3.9 in the two models, hydrological and 
hydraulic, the damage per unit of physical capital caused by floods of 
any given return period can be estimated. Tables 3.8 to 3.12 summarize 
for each municipality, the unit damage for return periods of 10, 20, 50, 
100, 200 and 500 years subject to the assumption that the exceedances 
are independent and identically distributed over one year or one 
season. The tables show the secondary residential sector as an economic 
activity, whereas Tables B-1 to B-15 in Appendix B give the results for the permanent residential, the commercial and industrial, and the agricultural sectors.
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3.4.3 Case Study 

The implementation of corrective measures in the flood plains 
requires a projection of the damage likely to appear before and after 
the action taken. This projection must take the following into 
consideration: » 

i. increase in economic activity and income; 
ii. increase in the rate of economic development and in the 

change over time of the discount rate; 
iii. ‘increased harvests because of the-putting into 

of new lands and increased average productivityiper finit 
area; 

iv. alteration of the geomorphologic and hydrographic 
characteristics of the drainage basins resulting from 
changing economic activities and Land use: 

v. physical alteration of the natural Stream and flood plain. 
channels through erosion and sedimentation;

A 

vi. change in the flow as a result of human intervention such 
as the_bui1ding of structures. .- 

Some points may be considered on the basis of regional 
development and management plans, and others are more implicit, such as 
hydrographic or geomorphologic change in the drainage basins. 

It is possible for the following reasons to apply these 
flood-plain management methods to a ten-year flood if the exceedances 
are regarded as independent and identically distributed over one year. 

i. ’The corresponding discharge is almost equal to that of 
‘the 1976 flood; this entails maintaining the economic, 
hydrological and hydrodynamic characteristics of the area 
under study. ' 

‘
' 

ii. The observed and the computed values for the 1976 flood 
can be ccmparedi ’ 

Table 3.13 groups the various types of damage by municipality 
for the secondary residential sector. "The results are given in 1976 
dollars. For the other sectors, permanent—residentia1, commercial and 
industrial, and agricultural, results are given, always for a ten-year 
flood, in Tables C-1 to C-3 in Appendix C. . 

3,5. niscussxdu 

The application of the flood—p1ain management methods to the 
Richelieg basin area under-study, permits estimation of the yarious 
tYpes of unit damages for different kinds of economic activities if V 

eiceedances are assumed as independent and identically distributed over 
one year and one season. '
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This flood damage estimate obviously depends on a number of 
hydrological, hydrodynamic and economic factors covered in the preceding 
chapters. Two are preponderant in a computer application; 

i. 

ii. 

the depth of submersion as the single hydrological 
variable used in developing the total damage functions; 
a unit total productivity function required because of 
the lack of information from the survey conducted after 
the 1976 flood. 

The analysis of the results obtained from the computer 
application of this method has three distinct aspects: 

i. 

ii. 

iii. 

Comparison of the figures for the observed damage and 
those computed for a flood with characteristics similar 
to those of the 1976 flood (T = 10 years, IID) make it 
possible to ascertain the uniform dispersion of these 
values about the line of equal damage in a non—diverging 
zone (Fig. 3.16), for damage and economic activities 
combined. 
An estimate of the total damage is sometimes all the 
information that is needed for some forms of corrective 
action in the flood plains. A comparison of this general 
estimate of the total damage with the sum of the 
components shows strong consistency with the equal-damage 
line for all economic sectors except the agricultural 
sector where the total damage is clearly underestimated. 
(Fig. 3.17).’ This deviation can be attributed to the 
fact that the depth of submersion cannot by itself 
represent the hydrological component in the estimation of 
agricultural damage. The flood duration, for example is 
an important factor. Therefore, the consideration of 
only one hydrological parameter for the agricultural 
sector does not appear to be valid. 

A comparison, by the same analysis as before, of the 
non—physical damage and its two components, primary and 
secondary, shows a very great deviation from the equal 
damage line (Fig. 3.18) for all economic sectors. The 
reason for this deviation is that the two non—physical 
classes of damage, primary and secondary, are in linear 
relation to the depth of submersion, but deviate from the 
equal damage line, so that their sum and the depth of 
submersion do not correspond. This becomes clear when 
the definitions for each class of non—physical damage are 
examined. 

Thus a suitable estimate of the flood damage can be obtained by 
the use of a limited number of hydrological, hydraulic and economic 
factors. A forecast of such damage requires a prediction of the rate of
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increase and future values for each economic sector. Damage estimation 
accuracy could be greatly improved by taking into account the spatial 
distribution of physical capital and the corresponding indemnification;
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CHAPTER IV - CONCLUSIONS 

It would be unrealistic to state that the fight against floods 
has been won since, even if all the means of attenuating floods provide 
some protection, they have in no case completely eliminated the danger 
of floods (Harvey, 1979). To find a model and methods that will bring a A 

definitive solution to the problem is therefore out of the question for 
the present state of the art. 

The object of this study was to present an approach that 
consists in systematizing the use of available hydrological, 
hydrodynamic and economic information so as to institute rational 
flood-plain management. Such management requires consistent integration 
of_the variables, be they deterministic or random, for comparison of the 
various possible corrective measures. Tb do this, the cost of the 
measures (composed of the installation cost and the residual flood 
damage cost) and the benefits procured from the measures (mainly the 
elimination of damage with these measures) are computed. The basic 
element of this study is the estimation of the damage linked to the 
physical and economic characteristics of the flood zones. This paper 
therefore systematizes the flood problem and presents the results of 
these methods applied to the Richelieu River case. 

4.1. -RES.ULTS or A TECHNICAL AND Ecouauc ANALYSIS OF FLOOD-PLAIN T’ MANAGEMENT ” 

Methods for rational flood—plain planning and management in 
urbanized areas, areas in the process of urbanization, and rural areas 
have been developed in this study. The main conclusions are: 

i. Determination of the variables and the improvement of 
knowledge about the complexity of their relations gives a 
completely general character to the studies of floods, 
which have to be analyzed by sequential methods adaptable 
to local conditions. 

ii. Analysis of flood—damage transfer functions permits 
derivation of a probabilistic distribution function for 
flood damage. 

iii. Damage over time can be projected using extrapolations 
of hyérotechnical flood characteristics and economic 
flood plain characteristics without having to project the 
results of a post-flood survey. 

iv. It is possible to transfer the parameters of the economic 
model from one experimental area to another economically 
identical area. 

v. It is desirable to keep the discharge variable as a 
hydrologic variable.

35



4.2 RESUpTS.DF:T§E;yyMREHggAPPLICATION 
The.a9p1ication of the systematic approach of flood plain 

management to the Riehelieu River drainage basin in Quebeciillustrates 
the following: 

i0 

ii. 

iii. 

iv.- 

It is possible to estimate the various types of damage 
incurred by each unit of the economic sectors under 
study, for return periods varying from 10 to 500 years. 
by assuming that the exceedan es are independent and 
identically distributed over one year.or one season. 
The assumption of seasonal distribution of the maximum 
hydrological exceedaficé has only a minor influence in_the 
estimation of the damage in any activity sector 
(Tables 3.8 to 3.11 and B,1 to B;lS), yin the case of the 
Richelieu basin; the spring period (21 March to 20 June) 
is fully sufficient for estimating flood damage, 
The theoretical evaluation of damage gives values very 
close to those obtained by the after-flood survey V 

(Fig. 3.16); Only a part of the survey data was needed
1 

for developing the method. In future, more modest 
surveys than that of 1976 will suffice for achieving the

" 

same level of accuracy. 
The total damage can be'estimated directly without any 
need to evaluate its components (Fig. 3.17). This does 
not apply to non-physical damage'(Fig,)3;l8).. 
Agricultural damage cannot be estimated with only the . 

depth of submersion_hydro1ogica1 variable (Fig; 3,18). 
other hydrological variables such as the flood duration 
or volume have to be taken into consideration in an 
after-flood survey. 

The flood~plain management method is a general procedure for 
analyzing problems caused by floods and for choosing 
maximiie the benefits derived from riverside areas. 

measure§'which 
Supplementary 

research on floods and on the interdependence of their components with 
the physical and economic environments'is required for_indreased 
understanding of floods and of their impact on flodfi Plains-

36



§§§§§§§9E§ 
Ayres, R.U. 1972. Prévision technologique et planification a long 

terme. Hommes et Techniques, Paris, 215 pp. 

BCEOM. 1976. Approche rationnelle des décisions concernant la lutte 
contre les nuisances dues aux inondations. iBureau Central‘ 
d’Etude pour les Equipements d'Outre—Mer. Analyse de systéme, 
Paris, 44 pp. 

Bhavnagri, v.s. and Bugliarello, G. 1965. Mathematical Representation 
of an Urban Flood Plain. Am. Soc. Civ. Eng., HY2, pp. 149-173. 

Breaden, J.P. 1973. The Generation of Flood Damage Time Sequences. 
Research Report No. 32, Wat. Res. Inst., Univ. of Kentucky, 
150 pp. 

Brown, K.M. and Dennis, J.E., Jr. 1972. Derivate Free Analogues of the 
Levenberg~Marquardt and Gauss Algorithms for Non—Lineaf Least. 
Squares Approximation. Num. Math., Vol. 18, pp. 289E297. 

Bruce, J.P., Rosenberg, H.B., and Page, G.A. 1977. The National Flood 
Damage Reduction Program. Canadian Hydrology Symposium: 77 
Proééedings. Associate Committee on Hydrology, National 
Research Council Canada, NRCC 16428, pp. 56-66. 

Chow, V.T. 1959. Open Channel Hydraulics. McGrawéHill, 680 pp. 

CICR. 1977. Comité International Champlain-Richelieu. Régularisation 
du lac Champlain et du HauteRichelieu: 
- rapport technique du comité sur les incidences écologiques, 

45 pp. . 

— rapport technique de comité sur les aspects physiques, 116 pp. 
2 rapport technique du comité sur les avantages nets, 121 pp. - rapport présenté 5 la commission mixte internationale par le 

bureau international Champlain-Richelieu, 78 pp. 
4CRAR.. 1977. Evaluation des dommages causés par les inondations en 1976 

5 divers niveaux d'élévation des eaux de laoriviére Richelieu 
et de la baie Missisquoi, Haut—Richelieu, Québec. Centre de 
recherche en.aménagement régional. Univ. de Sherbrooke, 210 pp 

Dantzig, D.V. 1956. Economic Decision Problems for Flood Prevention. 
Econometrica, Vol. 24, No. 3, pp. 276-287. 

Degreene, K.B. 1973. Sociotechnical Systems, Factors in Analysis, 
Design and Management. Prentice-Hall, 416 pp. 

Draper, N.R. and Smith, H. 1966. Applied Regression Analysis. Wiley, 407 pp.

37



Fisheries and Environment Canada. -1977. The Stage—Discharge 
Relationship of Lake Champ1aineRiche1ieu River. Water Planning 
and Management Branch, 101 pp., 7 annexes.

’ 

Goddard, J.E. 1969. Man should Manage the Flood Plain, F1ood Plain 
Management: Iowa's Experience. Iowa Univ. Press, pp. 11=22. 

Gzigg. N.S., Botham, L.H., Rice, L., Shoemaker, W.J. and tucker, L.s. 
1976. Urban Drainage and Flood Control Projects Economic, 
Legal and Financial Aspects. Colo. State Univ. Hydrol. 
Pap. 85, 76 pp. 

” ' 

Hall, W.A. and Dracup, J.A. 1970. Water Resources éystems Engineering. 
McGrawiHi1l, 372 pp. 

Harvey, B. 1979. Politique d‘amenagement rationnel des zones 
d'inondations. Eau du Québec, V01. 12, no. 3, pp. 205-208. 

Jantsch, E.P 1977. Technological Forecasting-in Perspective. 
Organization for Economic Development, 401 pp. 

Kirk, D.W. 1976. Report on Review of Hydrometric Survey Data to 1976 
Richelieu River at Fryer’s Rapid, Station No. 02¢J007, 
Fisheries and Environment-Canada. ' 

Leclerc, A. 1971. Ecoulement 5 surface libre. Ecole Polytechnique de 
Montréal, 123 pp. 

Maass, A., Hufshmidt, M.M., Dorfiman, R., Thomas, Jr., H.A., 
Marglin, S.A., and Fair, G.S. 1970. Design of Water Resource 
Systems. Harvard Univ. Press, 620 pp. 

Mccrory, J.A., James, L.D. and Jones, D.E. 1976. Dealing with Variable 

Perrier, R. 1978. Historique des inondations au Québec. V’ Congrés de 
1'Association québécoise des techniques de l'eau - Fédération 
des associations Canadiennes de 1'environnement (AQTE-FACE), 
pp. 25.l‘25.35. ‘ 

Preissmann, A. 1971, Modéles pour le calcul de 1a propagation des 
crues. La Houille B1anche, no. 3, pp. 219-224. 

Rousselle, J. 1972. On some Problems of Flood Analysis. Ph.D. Thesis, 
Colo. State Univ., 226 pp. 

Rousselle, J. and E1-Jahi, N. 1977. Représentation.stochastique des 
dommages dans les plaines inondables. Rev. Can. Génie Civil, 

4] DO. 2] PP. V

38



Todorovic, P. 1970. On some Problems Jnvolving Random Number of Random 
Variables. Ann. Math. Stat., Vol. 41, No. 3, pp. 105961063. 

United Nations. 1977. Principes directeurs pour la prévention et la 
limitation des pertes dues aux crues dang les pays en 
développement, Ressources naturelles, série Eau no. 3, 225 pp. 

Yevjevich, V. 1974. Systematization of Flood Control Measures. Am. 
Soc. civ. Ehg., HYl1, pp. 1537-1548. 

Zelenhasici E. 1970, Theoretical Probability Distributions tor Flood 
Peaks. Colo. State Univ. Hydrol. Paper 42, 35 pp. '

39



Tables



TABLE 3.! - PEAK AND EXCEEDANCE‘DISCHARGES FOR<YHE4RICHELIEUiRIVER1 HYDRGMETRIC GKUGIN£ 
STANTON DZOJOOJ AI FflWERS RAPFD; BASE FDOH 3'25 000 CFS 

SYSYEHATIC APPROACH FOR FLOOD PLAIN MANAGEMENT 
R I C H E L I E U R I V E R 

HYDROHETRTC STATION 02OJ007.s......BASE FLOW I 25000 CFS 

OQOCICOOCOOOIOOOOCCIUIOOOIOCICIOIIIUTOOIIOOIT000OIDOOOCOOOIOCIIOIOIOIIOCCIIIOOIIOCOOIOIIIOILOOWIIOOI 
NO. YEAR DAY NO. DISCHARGES EXCEEDANCES******NO. YEAR DAY NO. DISCHNRGES EXCEEUANCES 

(CPS) (CF51 (CFS) (CFS) 

1 1938 182 25800. 800. 491:4: 32 1953 217 32500. 7500. 
'2 1938 186 25500. 500. ttvttt 33 1954 212 36800. 11800. 
.3 1938 192 25300. 300. ***‘#* 34 1955 199 40700. 15700. 
-4 1938 200 29200. 4200. *4**** 35 1956 224 32500. 7500. 
5 1938: 202 26300. 1300. ¢¢W*¢¢ 36 1958 211 39400. 14400. 
6 .1939 212 42600. 17600. ##4##! 37 1959 211 34200. 9200. 
'7 1940 219 37100. «12100. ##1##: 38 1960 213 36800. 11800. 

_h 8 1940 268 25500. 500. ##¢§*# 39 1961 216 25900. 900. 
62 9 1942= 210 32500. 7500. tttttt 40 1961 218 25400. 400. 

10 1943 183 25300. 300. 4****** 41 1961 228 26800. 1800. 
11 1943 229 38100. 13100. ##9##‘ 42 1962 214 30100._ 5100. 
12 1944 203 25600. 600. ##9##! 43 1963 212 37600. 12600. 
13 I944 215 34300. 9300a '****f# 44 1968 186 29900. 4900. 
14 1944 233 26400. ,14o0. 21:40:: 45 1969 192 25700. 700. 
15 1945 181 35100. 10100. 088800 46 1969 212 39200. 14200. 
16- 1945 207 -25200. v200. tttttt 47 ,1970. 213- 39100. 14100. 
17‘ 1945 235 34700. 9700. ***##¢ 48 1971 224 40300. 15300. 
18 1946 173 26300. ‘ 13006 #00990 49 1972 228 42300. 17300. 
.19 _1946 175 _:z5800. .800. ¢§tt§# 50. 51972. 255 26100. 1100. 
20 1947 249 43700. 18700. ##4##! 51 11972 258 125600. 600. 
’21 1948 187 29500. .4500. #0t¢##‘5Z 1973 ’188 36600. 11600. 
22 1948 198 26800. 1800. ¢####* 53 ‘1973 240 30100. 5100. 
23 1948 201 25800. 800. #48888 54 "1973 .276 25800. 800. 
24 1950 194 -26500. 1500. *V**#* 55 1974 94 26900. 1900. 
25 1950 199 26000. 1000. ##4##! 56 1974 105 25500. 500. 
26 1950 208 28800. 3800. 4646:: 57 1914 189 26900. 1900. 
27 1950v 222' 30100. 5100. ¥###** 58 1974 227 35600. 10600. 
28 1951 201 38700. 13700. ##*#*# 59 1975 215 - 27000. 2000. 
29 1952 204 33600. 8600. ##9##‘ 60 1976 188 41900. 16900. 
30 1952 225 26300. 1300. *¥#**t 61 1977 185 35600. 10600. 
31 1953 193 29600. 4600. *#***¢ 621 1977 223 25800. 800. 
OOOIOOOOJJOCOIOOOMIOOIOOOOOOOOOIOII0000000000OOHOOOOEOOOOIIOOOOOOIOOOOOOIOOOOOOOOWJJOOITTOWIMOIOIOII



TABLE 3.2. SEASONAL VALUES or A(t) 

PERIOD INTERVAL 
” ms " 

Summer 

43 

s'uAson 

Autumn 21 Sept. — 20 Dec. (0 , T1} A(T1) = 0.000 

Winter 21 Dec. — 20 March (T1, T2] A(Tz)-A(T1) = 0,075 

Spring 21 March - 20 June (T2, T3] A(T3) -A(T2) = 1.435 

Sumrner 211 June - 20 Sept. (T3, T1,] I\(T.,) —A(T3) = o.o4o 

TABLE 3'3=: 3§A59§é%:Y%£H§§%95 B 

_ 

AVERAGE or ExcEEDANcEé 
. M _1 SEASON E [g]in cfs B ;.{E {5}} 

Autumn 2250 4.444 x 10'” 

Winter 750 13.333 x 105” 

Spring 6535 1.516 x 10'” 

750 13.333 x 1o‘“



TABLE 3.6 -'AFTER-FLOO0 SURVEY: 1976: FOR PERMANENT RESIDENTIAL SECTOR 

SYSTEMATIC APPROACH FOR FLOOD PLAIN MANAGEEENT 
¥‘I C H E L I E U R I V E R 

DAMAGE IN 1976 DOLLARS 
SECTORJPERHANENT flESIDENTIAL_ SURVEY AFTER THE FLOOD OF 1976 

COOCICOOOOCCUOICCCCOx.OII'C.OICU’...OCOC.'IOOOCOI‘IOOCOIOOOCIOICCCCCOIOIOCIOOOIIICOCICODIIIOIOUOOOIOIIIIOOOOOIICICICCOIIO 
NON-PHYSICAL.0kHAGE 

' O:O*o.I5oOo'Ol00100-00000’! oéooooqoouto-oouoaooozoouaooamoo TOTAL 
PALITY 'lUNIT) (UNIT) v PRIHNRY . tSECONOAR¥ TOTAL 

II.0,0’IIOIO I.I.I.I‘OOIOOO OCOIOOOOOI_C.IOOIIOOCIIIIOCOOO.COOOIO0,00IIOOIIOOIOIIOOIOCCOOOOOCOIOOIOIIOIIIIOOIOOOC 
EL RL*1 PL. RL+1 KL (L01 RL ‘RL+1 KL RL+1 RL RL+1 RL RLOI 

C..OO0OOOO.OIO'OOIOOlOOOCOO7IOOUIlO'lCCIIOC'O'O‘ICOC;OI'lCIOCIOO‘I-IIOOIIOD‘CO?OOOIOOIIiUIOOIOO-I'O'OO‘IVOOIIOIOOIIOIOIO'OI_O0OOOOOIO‘OOICCO 

. R01 26 26 115‘ 169 116306. 357696. 20056. 69316. 73560. 100910. 93596. 150226. 209898. 507918. 

R02 9 9 90 119 
‘ 

122560. 231030. "9073. 62220. 56766. 93883. 63837. 136103. 136331. 367133. 

_> R03 5 5 30 32 11676. 56586. 6695. 19631. 86325. 88007. 89020. 107638. 100696. 166222. 
-B 

R06 6 _.6 10 30 25. 670. 287. 700. 2517._ 9097. 2806. 9797. 2829. 10267. 

R51 2 2 20 50 0. 11000. 6950. 13770. 19392. 33672. 26362. 67662. 26362. 58662. 

RE2 13 13‘ 130. 158 50760. 98250. 21668. 36335. 88757. 122660. 110625. 156975. 161165. 255225. 

RE3 8 8 52 76 50537. 166031. 36936. 58512. 67296. 57965. 82228. 116677. 132765. 260508. 

RE6 2 2 10 22 6350. 6850. 803. 
; 

1629. 7155. 9899. 7958. 11528. 12308. 18378. 

E55 3 3 20~ 20' 5966. 9960. 19707. 26060. 11069. 16169. 30776. 60189. 36762. 50129. 

O'C'IVC'l,IIOOU.»I'I-‘IOI000DOI'O7.»C:O'IOIIC.'O'OOIII.I.IIIOIOO'IOOOOOIO.IIIOIOO.OO.OIIIIOIICIOIOOOIJJOOOIOOII.OOIIOIO'l'OOOlIIO.OIIIIIIIOO.l‘IOII 

<REHARKIRF -REFERENCE LENEL OF 1976ifiLO0D (101.51 FT USGS AT ROUSES POINT: N.Y.1 
RFf1tREFERENCE LEVEL OF 1976 FLOO0“WLUS ONE FOOT (102.51 AT USGS ATiEOUSES POINT; N.Y.l
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TIBLE-3.5 - lFIfR*FLDOD'SURWEYi 1976: FOR SEGDNDIRM RESIDENJIAL SECTOR 

SYSTEMATIC APPROACH FOR F1000-PININ HINAGEHENW 
‘ R 1 CEH E L21 E U R I V £=R 

DNHNGE IN I976'0DLLlKS 
SECFORSSECONDARX WESIDENTIAI; SURNEY NFTER IHELFLUOD¢DF 1976 

0000000000000000000000000000100300000000000t0mI00000010000000t000J00m0r01J00000mt0m0000013000000000000000000000000000 
NON-PHY$JCflLiDKHAGE 

00701000000150 00000000700000000000'000000000000000-'0 
PALITY LUNITI IUNIT) PRIHKRY SECDNDIRY TOYIL 

‘ 0000000000 0000000000 0000000000000OOOCOOOOOIOOOIFO0000000001300000001000O_00=000000'00*00000I00000’000000000 
RL RL*1 KL RL+1, RL RLQ1 RL RL+1 IL RL+1 RL RL+1 RL RLf1 

I'..C.O.I.CO.CIIOOUICO..O.COC.’O..CCCCCOUCICCCC0....‘OI..U.ICCOICC'CCICI‘COCO-IOVIIIIOIOIIO00OOOOIOIIOIIII0OIOOOIO.OOOOUOOI 

R01 17 17 176 176 28206. 115166. 18291. 25887. 13606. 13606. 31897. 39693. 60101. 156637. 

R02 26 26 260 279 82630. 367830. 18360. 31395. 13522. 131522. 169882. 162917. 232312. 510767. 

R03 53 53 536 2535 168997. 637663. 75688. 96889. 137660. 137660. 213368. 232569. 382365. 870192. 

R06 9 9 60 50 2666. 57778. 3052. 5166. 3673. 3673. 6725. 8837. 9389. 66615. 

RE1. 1 1 10 10‘ 0. 0. 66. 92. 370. 370. 616. 662. 616. 662. 

R62 10 10 100 126 8900. 61700. 12852. 18158. 11850. 11850. 26702. 30008. 33602. 71708. 

R83 27 27 292 292 117650. 355378. 33256. 33256. 89291. 89291. 122565. 122565. 239995. 677923. 

> 

RE6 18 18 180 180 136156. 268760. 17671. 18130. 127569. 127569. 165220. 165679. 279370. 396639. 

RE5 7 7 80- 101 25563. 56923. 12072. 18153. 67305. 67305. 59377. 65658» 86960. 122381.
\ 

OC‘OICOOIIOOOI:.I'COIIOOCI:C;IOIOCII.OOOCOOOOIOOOOI'OC'.‘I.C.OIO,OCIOIICOICIIjIOIO_OIC.OtI1OIIIOOICC‘!O'I:O:0:O‘COOI0‘0IZIIIOIIOOOOZOIOIOOIIOO 

REHARKJRF IREFERENCE 1EVEL?0E 1976 FlO0D'£I01m51 FJ.USGS AT RDUSES PDJNJ.1N.Y.) 
RFf1'REFE3ENCE LEVEL OF 1976~FEDDO*PUUS ONE-F007 (102a51'FI USGS KI*KOU&ES PDIN7: NRY.)



TABLE 3.6 - AFTER-fiLOOD‘SURVEY: 19709 FOR‘COHHERCIAL AND INDUSTRIAL FACTOR 

SYSTEMATIC AWPROICH FDR FLOOD-PLAIN HANAGEHENI 
R 110 H E L I E U R 1 V E'R 

DAMAGE IN 1976 DOLLARS 
SECTORSCOHHERCIAL AND INDUSTRIAL SURVEY AFTER THE FLOOD OF 1976 

OCCICOCUQCCCCU.OI.C.0CUCCQOCCUCIOJCC.C.‘TOGO.CC.‘CCU.‘CW.‘1...IOICCCCJICCCUCCCCIIOICUCOIICO.CC.OCICOCOOOOIOIOOOCCOCIO 
' 

‘ 
NON'PHX51CAL DAMAGE 

‘S'A‘HPI.E_ 'oooro‘no.o.o.o.oooooo.o:Loo'co5oo.io.o‘-'i’o-aooomooboooooono TOTAL 
PALITY UUNIT) (UNIT) PRIMARY SECONDARY TOTAL 

; 
CCIITIOWOC OCOOTIIOOI COO.COCOUOCOICTCIOICIOCIIOIOOOOCO00000.0.IOOOIIICCOIOOICOOIOCCIIICODCOICCIOOIOIOCI 

1 RL RLO1 RL RL*1 RL. RL91 vfll RL+1 RL RL+1‘ RL RL*1 RL ~ RL+1 
CCOCICICOOCOCQOOOCCCOIUCOCUCCICOICJCICCCCCCCUICCOOOCCOCICJOOC000.CIICOOOIDUCCIICOOQOIOOIOOOIOOOODICOIGOIOIIOOOOICOIOO 

j 

ROI 3 3 3 3 50. V350, 1190. 1273. 425. 425. 1623. 1698. 1673. 2040. 

AROZ 2 Z: Z 2 7350. 8350. 3400. 3400. Z500. 2500. 5900. 5900. 13250. 14250. 

‘b R03 4 4 4 4 0550. 11600. 19044. 21444. 50265. 50295. 69309. 71739. 77859. 83339. 
O‘ . 

R04 1 
A1 

1 2 100. V100. 9709. 9789. 
1 

K0. 0. 9789. x‘9789. 9889. 9889. 

RE1 0 
A 

0 0 1 0. 0. 0. 0. 0. O. 0. 0. 0. 0. 

‘R62 0 0 0 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

RE3 3 3‘ 3 3 
N 

8200. 10200. 9030. 9030. 
A 

125. 125. 9155. 9155. 17355. 19355. 

- R54. 1 1 . 1 2 2000. -2000. 0. 0. 0. 0. T 0. 0. 
_ 
2000. 2000. 

RE5 3 3 3 3 3000. 3000. 
u 

500. A500. 0. 0. 500. 500. 3500. 3500. 

ICOCICOOOOCWOIOOIWCUOC“‘CU.W.‘I.UCIIOOOOIIOOOOOOCIOICCIOIOOOIIIOQOTOOIOWOIJIO.IIII00OIQIIOUI000OLTf0OIIIDUO‘OC‘C.ITO 
REHARKFWF IREFERENCE LEVEL OF 1976 FLOOD (101.51 FT US65 AI ROUSES POINT: NwY.)

V RFOIJREFERENCE EEVEL OF-197b'FLOD0 PLUS ONE FDDT (102.51 FT USGS AT ROUSES-P0INIpIN.Y.)



TABLE 3.7 - AFTER9FflUDO SURVEY: P976: FOR—AGR1CULfiURAL SECTOR 

SYSTEMATIC APPROACH FOR F0000 PLAIN MANAGEMENT 
'R I C H E L I E U' R 1 V E R 

DAMAGE IN 1976lDOLLARS 
SECTORSAGRICULTURAL SURVEY AFTER IHE FLOOD DF 1976 

OOOOOOCCCOIICOO00.00000000CI.OCII@OCCIIIIOOOIOCOIOOCOIIOIOOOOQIOOODIIIOIOIIIIIOOIOOOIOIICIOIIOOOOIOOOOOIOIC.OCIOIC‘IO 
NUN-PHYSICAL DAMAGE 

‘ HUNICI‘ s‘HPLE POPUKATIDN PHYSICNL CCQCWQWICCOWWOWIICUTTCIOOOCOOTOO1OIO.ll{QOIIlOOI ‘TOTAL 
PALITY (ACRES) (ACRES) PRIMARY SECONDARY TUTAI 

OIUICIOOOO IOOIJIICOO IIOIOCCOUIOCJIIOOIOICIIOIIOIIOIOIIIIIOOJIOOIIOOOOQOOIOOOOIOOQDOIIIOIOOOIOIIOOICIIO 
RL RL+1 RE RL*1 RL R101 RL -WL+1 RL RL*1 RL Rlfl Rt RL+1 

COCCCOCOOOIOOCCII.‘OOQOCCCIICCCOOGUCCICOCO.COC0.0CIOOOCCOOCOIIOOIOIOIIOCOOIO0000COOOIIIIOOOIIODIOOOOIIIOIIOCIIICIIIII 

R01 12 26 105 206 33716. 60762. 
I 

637. -855. 0. 0. 637._ 855. 36151. 61597. 

R02 76 ” 123 105 156 28307. 38081. 1176. 1755. 635. 635. 1611. 2190. 29918. 60271. 

:3 
R03 79 99 886 1058 256995. 308660. 8706. 12651. 725. 1616. 9631. 13865. 266626. 322305. 

R06 263 366 529 .831 66607. 78030. 6962. 7667. 363. 520. 5305. 7967. 69712. 85997. 

RE1 0 0 0 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

R52 0 0 0 0 0. 0. 0. 0. 0. 0. 0. 0. O. 0. 

R53 160 211 687 919 97615. 166323. 77739. 160290. 725. 725. 78666. 16015. 175879. 287339. 

RE6 311 392 1650 2325 591351. 967637. 25736. 39333. 750. 750. 26686. 60083. 617837. 987520. 

RE5 66 92 100 366 56879..188067. 20369. 70665. 0. 20369. 70665. 477228. 258692. 

.......................a...........m......m.m.a......m........m...........a...............r.......................... 
REHARKIRF IREFERENCE LEVEL*DF’1976 FLOOD £101.51 FT USES AT RDUSES POINT; NmY.) 

RFOIIREFERENCE EEVEL OF 1976 F1000 RLUS.DNE FDOT (102.51 FT USGS AT RUUSES POINT: Ncym)
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TABLE 3.8 - UNIT DAMAGE FOR VARIOUS RETURN PERIODS; SRS*0010 

SYSTEMATIC APPROACH FOR FLOOD PLAIN MANAGEMENT 
P 1 C HEP L I E U R 1 V E R 

' S R S ** 0 0 1 0 

IIOIOIIIOQOIOOIOIOOIIOCOOIOUO.MICOo‘MlGE IN 1976 DDLt‘Rs AND AS J PERcEN‘“GE PER UN}? OF PHYSICAL CAPIYALOOCIOOOOIICO 
MUNiC1PA- puvsxcau *fi#*1*****¢#V#ANNUAL orsrmloumLunttttttttrttvtvtv--—--— ---- --SEASONAL DISTPIBUTl0N--------------- 
LITY cAPII‘L IICOOCCIIIQCCJIIIFIJOOC0.030IIQIOCOOIOOIOOIOIOIOIIOOIOIOIIOCOCOIO00000000COOOOIIOOIOIOOICIOIOIIOI 

R e I»u a N‘ P E R I o o 
(SIUNIT, OCIOOJCUCCOIOIODQ000000(OI00OOCCIOOIOIOIIOJJIOUIIIOO00]‘OI£0OOJOOlIILtOOIOOOFfIOlOOOlIITOOOIOIIII 

10 20 so zoo zoo soo 1o 20 50 100 zoo soo 
..JI‘OCCU.CJC.OQCOOOOCOIOIOIOOCOOO0IIC‘JOIOOOCTIOOCOOCOOOIOOOOIOOOOOIOIOIOOOOOOOCOOOIIIIOIOOOIIOOIOTOIOOIQOIEIIOJUOII 

R01 2086. 229. 323. 652. 553. 651. 776. 239. 339. 677. 582. 666. 515. 
10598 15.67 21.66 26.52 31.21 37.19 11.66 16.26 22.88‘ 27.89 32.79 39.06 

802— 6810. 503. 768. 1001. 1220. 1636. 1703. 525. 768. 1056. 1285. 1506. 1786. 
10.65 15.55 20.81 25.35 29.82 35.61 10.91 15.55 21.92I 26.71 31.30 37.09 

R03 5681. 631. ‘892. 1250. 1517. 1786. 2113. 658. 936; 1339. 1600. 1876. 2219. 
11.11 15.70 22.01 26.71 31.39 37.19 11.58 16.68 23.58 28.16 32.98 39.06 

R06 13896. 1609. 2267. 3178. 3850. 6517. 5369. 1675. 2377. 3337. 6053. 6751. 5608. 
11.58 16.32 22.88 27.71 32.51 38.50 . 12.05 17.11 26.02‘ 29.17 36.19 60.36 

1851 3000. 232. 321. 668. 566. 665. 776. 261. 5337. 'v671. 576. 678. 816. 
7.76 10m71 16.96 18.15 21.69 25.80 8.02 11.26 15.70 19.13: 22.61 27.25 

6290 
7.35 10m65 15.26 19.13 23.05 28.35 7.52 10.98 16.16‘ 20.30’ 26.66 30x28 

-W53 ’3086. 309. 638. 616. 752. 886. 1055. 322. 661. 650. 793» 936. 1106. 
‘ 10.01 16.19 19.96 26.37 28.71 36.19 10.65 16.96 21.06, 25.71- 30.28‘ 35.88 

RE6 ‘3986. 637.. 2616. 866. 1053. ‘I236. 1663. 656. 667. ’911.- 1107. 1299. 1537. 
10.98v ,L5.67 21.75 26.63 31.02 36.72’ 11.66 16326 22.88 27.80 32.61 38.59 

RE5 =6863. 551. 775w 1087. 1320. 1567. 1833. 576. 813. 1162. 1391. 1629. 1923. 
’ 11.38— 16.01 22.66 27.25 31.95 37.86 11.85 16.79 23.58 28.71 33.63 39.71 

OOOIIIOICOOUICIUQWICUWUIOCWIJCCIVICOOIITOTOIIOWIOICCOOOIWIICOLWICOOOIIOOOIOCIOLIIOOOIIIOOFOOIOOIIUODOOICIOIIIOIOIOOIO
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IKBIE 3.9 - UNIT DlHlGErFOR VKRIOUS REFURN PER1D0$p SRS*D020 

SYSIEMATIC lPPfi0ACHiFDR‘FLOOD PLAIN HANKGEHENW 
R I C~H E L I E U R I V E R 

S K S %*.O 0 2:0 

........................m........uDAHfiGE LN 1976‘00LLARS-NND-AS A RERCENTAGE FER UNIT OF PHYSICAL CAP1TAL............ 
nuMIcI‘PA- PHYSICAL n-wt‘:-=r.'zu-H.-t-t'tANNu1AL 1oI:sTR1~aun>nN.-tHwho-*******"'-----------ssAscmu. D‘IST‘R'IIBU’1'!DN---------:3----‘ 
LITY CAPITA1 IIOII0000TIJCWOIOO0OItIOJ3OIIOI0OOJOI3IJIWOOIIOfOJ3TOOIlfiIIUO0.0KIOIOIIIIOOOOIOIIOOOOOOIOOQOOOOII 

’ 

R E T U R N P E R I‘O 0 
(3,UN1T) .0010IOCCCCJIVOI.000001100000UTCIICOIUI)3‘O.IICO0.00000CFOCID0000.0000COOOCOICCOOWCIOUUICIOIIIIII 

10 20‘ 50‘ 100 .200 500 10 v20 ~50 100 200 500 
.000000000GOODCOCIIIOC00000000.00IIOOCIOIOOOOIICOIOOOIII0000000..OICJCCOCOOCUOWICCOOCCOUIUCCTUCIUOCOOCCCCWUIC..3.C°°fl 

R01 2086. 172. 210. 255. 287. "316. 352. 8176. 216. 263. 295. 325. 363. 
8.23 10.05 12.21 13.76 15.16 16.86 8.63 10.36 12.60 16.15 15.60 17.39 

R02 6810. 385. 685. 576. 666. 708. 787. 396. 685. 591. 663. 729. 810. 
7.99 10.08 11.93 13.38 16.73 16.35 8.20 10.08 12.29 13.79 15.16 16.83 

R03 M5681. 671. 576. 700. 786. 863. 958» 
‘ 

682. 592. 728. 809. 889. 988. 
”' 8.29 v10.16 12.32 13579 15.19 16.86 8.69 10.62 1Zu8Z 16.23 15.65 17.39 

R06 13896. 1180. 1660. 1751. 1959. 2156. 2395. 1208. 1680. 1801. 2020. 2223. 2668. 
8.69 10.37 12.60 16.10 15.52 17.23 8.69 10.65 12.96 16.56 16.00 17.76 

R51 3000. 200. 263. 296. 331. 365. 606. 205. 250. 306. 361. 375. 619. 
6067 5011 9.85 11002 12115 13052 -6r02 0.35 10.16 11.35 12652 13.96 

R52 2572. 166. 206. 256. 292. 326. 368. 168. 212. 265. 302. 337. 382. 
6.66 7.99 9.97 11.36 12.66 16.29 6.55 8.23 10.31 11.76 13.10 16.86 

RE3 3086. 260. 295. 359. 603. 666. 696. 267. 306. 370. 616. 658. 7508. 
7.79 9.56 11.65 13.07 16.60 16.00 7.99 9.85 12.01 13.69 16.86 16.69 

R56 3986. 328. 600. 687. 566. 601. 666. 336. 612. 502. 563. 619. 688. 
8.23 10.057 12.26 13.71 15.08: 16.73 8.63 1°m36 12.60 16.12 15.56 11.26 

R55‘ -6863. 607. 697. 603. 676. 766. 826. 617. 510. "621. 697. 767. 851. 
8.60 10.25 12.66 13.96 15.35 17.05 8.61 10.56 12.82 16.60 

16000no0cocooncocoon0mootoomnmubooomoooooooowcoooocmrowooaoooooooooonoorantsonIocoowupooomomwooouoooooooooqlfififiilflffl 
15.86 _17.58



OS 

TA8LE 3.F0 - UNIT DAHIGE FDR VIRXOUS KETURN2PERIODSo SRS‘0021 

svstennr-c APPROACH FOR noon puxn’ F|A'NAGE~M..ENT R'I‘C'HELI,E‘UI vn-1-visa 
sa s «-100.21 

00000OOIOOOOOOOOIOOOOOOOIOOOOIOOIIDAHAGE IN I976 DOLLARS AND AS AiPERCENIAGE PER UN1I OF PHYSICKL CAPITAL............ 
HUNIC1PA- PHYSICAL #¢##*######**¢ANNUAL DISTRt&UTION#*¥*¢********###- -------- ---SEASONAL.DISIRIBUTIDN9------- ----- -- 
LITY CAPITAL 0noccoononoocooopoootoopooooooouooooooowoooootryooooooaoooocoooonono010.00uaoooooooooooocoooooooo 

R E T U R‘N P E R I 0 D 
18/UNIT) tooocooooooootooouoooolocooouoonooooourowooounoowwwooooo00011900000001on.-ootoorouoototoowoocooou 

10 20 50 100~ 200 "500 10 20' 50= 100 L200 500 
OUIIOlIOOICOWCO$VOIIIIOOUCICJIIOUFCOJOOIEODOCOCWOIJIOIOCIIOJJWIOOIOQOIJOIOOEEOIWIIOIOIOOJOOOOOOOOIIMOOIIOtOO!UOOOOlOl 

R01 2086. 68. 59. 72. 81. '90. 101. 69. 60. 76.. 86. 93. 106. 
‘ 2.29 2.81 3m66 3.89 -6.31 6.83 2.36 2.89 3.55 6.02 

V 

6.65 5.00 

802 6810. 107. I36. 161. 182. 201. 225. 110. 136. 167. V188. 208. 232. 
' 2.22 2282 -3.36 '3.79 6.19 6.68 2.28 2.82 3.66 3.91 :6.32 6.82 

R03 5681. 131. 161.» 197. ‘222m "266. 275. 136. 166. - 206. 229. 256. 286. 
2.30 2.83 3.67 '3¢91 '6.33 6.83 2.36 2.92 3.62 6.06 6.67 5.00 

R06 13896. 328. 603. 696. 556. 615. 687. 336. 615. 509. ’576. 635. 710. 
2536 2.90 3.55 v6.00 6.62 6.95 2.62 2398 3.66‘ 6.13 6.57 5.11 

RE1 3000.« 55. 68. 83. -93. -103. 115. 57. 70. 85% 96. 106. P19. 
1.86 2.25 2.75 3.09 3.62 3.83 1.88 .2332 2m83 13.19 ’3m53 3.96 

RE2" 2572. 66. 57. ‘72. 82. 92. 106. 67. 59. 76. 85. 95. 109. 
1.78 2.22 2.79 3.19 3.57 6.06 1.81 2.29 2.88 3.31 3.70 6.23 

RE3= 3086. 67. 82. 101. 116. 126. 161. 68. 85. 106._ V118. 130. 166. 
' 2.16‘ 2.67 3.27 3.69 6.09 6.57 2.22 2.75‘ 3.38 3.82 6.23 6.72 

KRE6 
6 

3986. 91. 112. 137. 155. 
» 

171. 191. 93. 1155 I62. ,160. 177. 197. 
' 2.29 2.81 3.65V 3.88 6.29 6.79 2.36 2.89 3.55 6.01 6.63 6.95 

EWE5 “B635 1130 139. 170. "1920 2120 237: 1160 1630 1750 1930 2I9.- 2650 
2.36 2.87 3.51 3.96 6.38 6.89 2.39 2.95‘ 3.62 6.09 6.52 5.05 

OCOIOCIIIIOCCCCC‘O.'.COICICIC’OOCCCUICOOOCOOIOUICOIICCCOCO.OIDOCIOI’\OOUCCCOIIOIOIOOCICOICICO.C'.OIIUIICTOIIOIIIOICOIOCIOOC
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TABLE 3.11 9 UNIT DAMAGE FOR VARIOUS REFURN PERIODS: SRS*0022 

SYSIEHAJIC APVROACH FOR FLU00 PLA1N*MANAGEHENT 
R 1 C H35 L 1 E U R'1 V»E R 

55R 5 “'0‘0 2 2 

outnooaoonoonotcomaocooooo1oooo1ooDAH‘GE EN I976‘D0tLAR5 AND AS A PERCENTAGE PER UNIT OF PHYSICAL CfiP1TALoooooooooooo 
HUN1C1PA- PHYSICAL ¥*9¢*¥**6¥6#*#ANNUAL O1STRIBUIIONif66ii?#6666666!------------SEASDNAL DISTRIEUTION------------'-- 
LITY CAPITAL ICOCOOI.OC'O:IC.00.07.0‘OIIO‘O'.‘OI‘.I001013.03III‘ICC'O’O-IVI0IOC¥I'I1ll'.IQOI-O'IO0-IOIQOCCIIOOOOIIUII'OICOOlCOOODIIOIII 

‘R E T U1R N P‘E R31 0 0 
OOOUOOIOOOOIOIIIOIOOOI‘OC‘OOI.OOOOOOOOOOODOIOOOOOOIICUOOOOIIIIIOIOUIIillOfllOIIIOOOIIOICOOIOIOIIOOOII 

10 20 ‘ 50 I00 200 500 10 20 50 100 200 500 
OOCCOOICOCC.CIC0.0CIQCOC'IOIOUCIC.0.‘O....C...CO'ICOIICC'O.IIIICCCI.‘.C..C..CCOCCIOOOOCOQOIOIOCIIIIOOOIOOOOOIIOOOOOIIOOOOCI 

R01 2086. 123. I50. 183. 207. 228. 255. 126. 155. 189. 213. 235. 263. 
5.89 7.21 8.78 9.90 10.93 12.20 6.06 7.62 9.07 10.21 11.27 12.60 

R02 6810. 275. 368. 613. 666. 511. 569. 282. 368. 626. 675. 527. i586. 
5072 7023 8058 9&6“ 1°€63 11:83 5187 7023 8685 9196 10.95 12.18 

R03 5681. 337. 613. 506. 565. -623. 693. 366. 625. 525. 583. 6635 716. 
5.96 67.28 8.87 9.96 10.97 12.20 6.08 7.68 9.23 10.27 11.31 12.60 

R06 13896. 865. 1036. 1260. 16136 1558. 1736. 865. 1063. 1297. 1657. 1608. 1789. 
6.08 7.66 9.07 10.17 11fi21 12.68 6.23 7.65 9.36 10.69 11.57 12.87 

RE1V 3000. 163. 176. 212. 238. 262. 292. 166. 179. 218. 265. .270. "302. 
6.77 5.81 7.07 7.92 8.76 ‘9.76 6.87 5.98 7.28 8.17 9.01 10.07 

R52 2572. I19. 167. 186. 210. 236. 265. 120. 152. 190a 217. 2635 276. 
‘C62 5072 7015 5011 9011 10.31 9668 5059 7190 8396 9099 10:73 

RE3 3086. 172. 212. 258. 290. 320. 357. 177. 218. 266. 300. 331. 368. 
5.58 '6.96 8.37 9.62 10.39 11.57 5.72 7.07 8.66 3.72 10.73 11.93 

RE6 3986. 235. 287. 351. 396. 636. 682. 261. 296. 361. 606. 667. 698a 
5.89 7.21 8.80 9.88 ‘ 10.89 12.11 6.06 9.07 10.19 11.23 12.50 

R55 6863. 291. 356. 636. 688. —537. 598. 299. 366. 667. ‘503. 555. ‘61T. 
6.02 7.36 8.97 10.07 11.09 12.36 6.17 7.57 9.23 ’10.39 11.65 _L2.76 

COC0.0-O-OOOCOOCOICOlIOOOOIO'OIIIIOOIOOIIO'OCOOOIOIICOOOIOOOOOOOIOOOIIOOOIOIIOIOI'OIlO0IICII0.0.IiI.IOOIIOIIIOOOOIOO’O0OIII.I.0:O‘O
J
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TABLE 3.12 - UNIT DAHAGE FUR VARIOUS R£IURN‘WEEIDDSo SES*DTUI 

svsrsn111c APPROACH roe FLOOD PmA1N~nmNAseneNr 
R 1 c H E‘L 1 5 u~ w 1 V'E:R 4 

s»n s wt 0 T o T 

IOIOCIOCOCCIOI.I-ClIvOO.OCOICIIOCCO.ODlHAGE I"N A CfiPI’t‘A’_LI0,0CIIOUIOIO 

HUNICIPA- PHYSICAL t#¢¢t~wtt#»vt#ANNuAL 01stn1aut1oNttvt#t«##ttttttv-------——---sEASUNAL oxstn1au11oN---------—----- 
OOCCCCCIIOUIQOCIIOOUCOOCCIOC'.OIO¢CUICICCC'.‘OQI.OC>OO'.IOIICIC0.0COOO0.000IOIIIIOIOIOIOOOICC.OOOCOOOCI.IIO 

_ 

-2.5 T u*n N 9': a 1'0 0 
I.CIOI'O‘IICIC'O\i6IOO‘IIOCO.COOIiO'OOI0.0IAICO{OvO‘OIIIOlI10I'OOIVIIOOOLIIIIIOI!O0I'IIOIIICOITOOIWOIOIQIOIIIOOIIOOOI 

10 20 so 100 200- 590 »-10 20 so 100 zoo ’5oo 
..C.CQCI..OCCCIO.O.O0'0COCOII.C'CIOO4C'0I-O>’IOOIOOIOICOIO‘OlICOICC,OI'OIIIQO'IO'O'I,OIICOCIOOQOOLOIO‘O,O.O.IO-000.00I.lIO.IOlOC‘OO.OOOIiIIiO,,O'O. 

eao.. 765. #3:. R01 2086. 456. "559. ‘B41. .467. 575. 702. ' 788. 866. 960. 
' 2Y£85 26.61 32.62 36.67 40.31 99m69 22.41 27.59 33.66 37.75 41x49. 4b102 

R02 4810. 1021. 1293. 1533... 1718. 1888. 2088. 1047. 1293. 1580. 1771. 1942. 2146. 
21€22 26.89 31.86 35.72 39.25 43d41 21.77 26.89 32.84 36.82 40338 44.62 

R03 5661. 1251. 151.. 1.70. 2092. 2293. 2539. 1282. 1550. 1945. 2157. 23.5. 2616. 
22.01 27.04 32.91 36.82 '40.45 99m69 22.57 27.82 34.25 37.97 61.63 46.02 

R04 13894. 3136. 3844. 4677. 5226. 5736. 6339. 3213. 3951. 4811. 5385. 5909. 6521. 
22.57 27.66 33.66 37.61 41.25 45.62 23.12 28.44 34.62 38.75 .42.53 46.93 

17.61 21.54 26.27 29.43 32.47 36.09— 18.01 22.17 27.04 30.35 33x44 37.25 
R52 2572. 

5 

438. 546. .684. 781. '870. 980. 445. 562. 708. 808. 900. 1019. 
17.04 21.22 26.58‘ 30.35 33J81 38.11 .17.29 21.85 27.51 31.41 34599 39.61 

RE3 3086. 637. 15.. _959. 1071. $16..» ‘1311.‘ I654. 
2 

310. 990. 1111. A1221. ,13A9. 
20366 25«48 31.11 34.92 38.40 '42.53 21.22 26.27 32.09 _36m02 39.61 43m75 

R54 3984. 871. 1068. 1302. 1458. 1600. 1767. 893. 1099. 1341. 1501. 1648. 1820. 
221085 260 32069‘ 44. 27. 4/1035 .4516-9 

RE5 ' 4843. 1081. 1325. 1612. 1804. 1979. 2187. 1108. 1362. 1659. 1860. 2040. 2251. 
22m33 27.35 33.29 37.25 40.87 45.16 22.89 28.13 34.25 38.40 42.11 46m48 

OOOOJIOOOOIIIO.COCOOIOIC,O0,0IIOO0OOOOOIOOIIOOOOOOOCOCOICOOOOQOIIOCOOOOIOOIOOIOOIIIOOOOIO0IO0OOOIOOOIIOIIOIOOOOOIOOOIOO



TABLE 3.13 - ESTPHATED‘DAHAGé FOR A TEN-¥EAR‘FLOOD'TTID); SECONDARY RESIDENTIAL $ECTDR 

SYSTEMATIC APPROACH FOR F1000 PLAIN HANAGEHENJ 
R I*CiH E L IiE.U R I‘V EJR ' 

SR5 ## IID * T'10‘¥EANS 

PHYSICAL CAPITAL D:A H A G E I N 1 9 7 6 DJO‘L L A R S HUNICIPALITY 00008-Joomoooouoowmgdqtcn ootorooononnonorooooorotcoowoccononooooto0009000000oooooooooconcoooouooooo 
N:0éN - P H;Y S I C A L 

(5/UNIT’ NO: OF UNITS PHYSICIL ¢o501o0orm54Jmuon5mnogmahoroomnoaohomoomoocan TUIAL 
PRIMARY VSECDNDARY TOTAL’ 

OCOOOOOOIOOIOIIIOOJOOIIIOIIOIOIO0IIOIOOOOIIIOOOOIOOOOOOOOIOOOOCIUIIJOOOIOIIIIIIOQICOOOIIIIOIOIIOIIOIIIOOIOOOIIIICOOII 

R01 2085. 175. 40298. 30210. 8390. 21533. 00232. 

) 

R02 4810. 250. 130739. 99978. 27745. 71579. 255333. 

R03 5581. 534. 335994. 251397. 59845. 180048. 557784. 

3} R04 13894. 40. 54342. 47190. 13119. 33802. 125425. 

RE1 3000. 10. 2322. 
T 

2001. 
I 

553. 1430. 5283. 

252 2572. 100. 18907. 15517. 4587. 11874. 43837. 

253 3084. 292. 90114. 10145. 19455. 50207. 185030. 

054 3984. 180. ' 78712. 59008. 15388. 42255. 155715.1

I 

1 

RES #843. 80. 46072. 32559. @048. 23320. 8651b‘ 
I

. 

I

l cocoa000080088aooooooooooooooooowoooooooooooooaojooobcodnmoaoooooooaomc8500005004000odoomrtwioaoqcoorooooogqmowsaqlrm 
TOTAL DAMAGE IN 1976 DOLLARS I .806Q99. 609106. 1691305 ‘£36169. 16YIU54. 
cocoaocooouooooaoooooooommoooaomoonmooaouoooontromoonoocorooooloooou801000utroaowup.cc0[trotuopoomomowpooopdowodmhQom
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Unit Damage for Return Periods
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TABLE 8.1 - UNIT DAMAGE FDR VARIOUS RETURN PER1005: PRS*0010 

‘SYSTEMATIC APPROACH FOR FLOOD RLAIN HANAGEHEN7 
R I C H:E‘L I E U =R I V E R 

P R S ** D 0 1 0 

..................................DAHAGE IN 1976 DOLLARS AND AS A PERCENTAGE PER UNIT OF PHYSICAL CAPITAL............ 
HUNICIPA- PHYSICAL #**#¥**#***#*¥ANNUAL DISTRIBUJION**#*********¥***- ----- ------SEASONAL DISTRIBUTIDN-------------- 

uootvuouoorooooooooooooorooroooocoomcoooooooneonecoolsoozouooooooncuocuomloootooooooooooooconocolo 
R E T U R N P E R I D D 

00.90.000.010.0000000100000-nzonnoItncotoloouoooooooooouooo000000000000oooooooomonococoI10-0.0-0oI_Iooa.ooo 
10 20 .50 100 200 500* 10 20 50 100 200‘ 500 

I‘IIIOOOI'OODIIOIOOOOIOCOOIOIIOIIIOOICIIIOOOIOOOCIICOICI.CC‘IIOCOI‘OI.lOUUOIOIC.'O'OCCCIICUCUICCOC-CCCOCCCQCI..CC...I..IICO.II. 

R01 25679. 1858. 2282. 2789. 3153. 3687. 3906. 1906. 2369. 2882. 3252. 3598. 6033. 7.26 8.89 10.86 12.28 13.58 15a20 7.62 9.15‘ 11.22 12.66 16.01 15.71 
R02 11228. 789. 1001. 1191. 1361. 1682. 1653. 810. 1001. 1228. 1386. 1528. 1706. 

V 

7.03 8.91 10.60 11.96 13.20 16.72 7.21 8.91 10.96 12.33 13m61 15.18 
R03 

7 

12270. 896. 1100. 1365. 1513. 1673. 1865. 917. 1132. 1602. 1563. 1726. 1927. 7.29 8.97 10.97 12.33 13.63 15.20 7.67 9.23 11.63 12.76 16.06 15.71 
R06 15216. 1137. 1396. 1708. 1919. 2121. 2367. 1165. 1636. 1759. 1981. 2190. 2663. 7.67 9.18 11.22 12.61 13.96 15.55 7.66 9.66 11.56 13.02 16u39 16.06 
RE1 15600. 911. 1113. 1358. 1525. 1686. 1883. 931. 1165. 1399. 1573. 1739. 1967. 5.86 7.13 8.71 9.77 10.81 12.07 5.97 7.36— 8.97 10.09 11.15 12.68 
RE2 6288. 355. 662. 556. 636. 709. 806. 360. 655. 576. 657. 735. 838. 5.65 7.03 8&81 10.09 11.28 12.79 5573 7.26 . 9.12 10.65 11.69 13.33 
RE3 ’ 6731. 326. 399. 689. 552. 610. 681. 332. 612. 505. 570. 630. 4 703. 6.86 8.66 10.36 11.66 12.89 16.39 7.03 5x71 10.68 12.05 13.33 16.85 
_RE6 5900. 627. 526. 662. 723. 798. 889. 638. 560. 662. 766. 826. 919. 7.26 8.89 10u89 12.25 13.53 15.08 7.62 9.15 11.22 12u66 13.96 15.58 
RE5 9150. 677. 830. 1015. 1162. 1261. 1607. 693. 856. .1066. _1180. 1303. 1653. 7.39 9.07 11.09 12.68 13.78 15.38 .7.58 9.33 11.63 12.89 16.26 15.88 

000,00OIIII.OOO°,90OOIIIO;I'CI,OOII3IOIIOCIOOOOO'I'.OOIOUOIIO.OOOCOIOOCOOIOCI0.0.0.00II‘O:l.I'I'OIIOII’OO»I:DI000ICC-O'I»OIIO9OII‘IOIOIOCII-I
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IABLE 8.2 - UNIT DAHIGEEFUR VARIOUS RETURN'PERIDDSr PRS*D020 

svsrenxrrc APPROACH son FLOOD PLAIN MANAGEMENT 
R x_c H E mt: E‘U R 1 v m Rv 

win 5 wt 0 0 2 o 

0000000000000000000000000w0000t00&DAH‘GE IN_I970 DDULNWS ‘No As A PERCENtNgE PER UN11 OF PHYSFCAL CAP1TAL0000000000.0 

HUN1C1PA- pHys1nAL_ .........r#ttrANNuAL orfitansurxouort¥trt*##tttitt---------—--sEAsuwAL DISIRIBUII0N-------9------- 
LITY CAPITKL 000f0JJOt0lJ00flN00‘00II000IJI}0I0flf0WIJ0000IlTJ$00000@I$300ICUWLO0WO0II0000I00000000IOII000lU0000 

’ iR E T‘UiR!N P E R I 0 0 
($,uNIT7 0000300000000000UflIWOfl000IT000Jfl000U0$JOI0000lIOJCOI00[00I0000000CO0IO0I0000T000IIITIII0000000000 

10 20 K 50 100 200 £500 .10 20 50 100 20C 500 
000W000II000000IETJJIIICIIOII001000001300000000J0000000II0000I0000000IIOIOU000000I000000000000000J000000I000IO0I00l00 

‘R01 25679. 2398. 2931. 3562. 4009. 44185 4923. 2458. 3015. 3676. 4130. 4553. 5079. 
9.34 11.41 13.87 15.61 17.21 19517 9.57 11.74 14.32 16.08 17.73 19.78 

R02 11228. 1019. 1285. 1521. 1707. 1880. 2088. 1045. 1285. 1568. 1760. 1935. 2149. 
9.07 11.45 13.55 15.20 16.74 18.59 9.31 11.45 13.97 15.68 17.24 19.14 

VRO3 12270. 1154. 1413. 1718. 1924. 2119. 2352. 1183. 1453. 1788. 1985. 2183. 2427. 
9.41 11.51 14.00 15.68 17w27 19.17 9.64 11.84 14.57 16.18 17.79 19.78 

R04 15216. 1467. 1791. 2178. 24383 Z684. 2982. 1502. 1841. 2241. 2514. 2768. 3074. 
' I 9.64 11.77 14.32 16.02 17.64 19.60 9.87 12.10 -14.73 16.52 18.19 20.20 

RE1 15600. 1180. 1436. 1745. 1953. 2154. 2396. 1206. 1478. 1796. 2013. 2218. 2475. 
7.57 9.21 11.19‘ 12.52‘ 13.81 15.36 7.73 9.47 11.51 12.91 14.22 15.87 

>352 62880 9610 5110 7120 ‘S120 9000 10210 0670 537} "7360 8900 9360 1062. 
7.33 9.07 11.32 12.91 14.38 16.24 7.43 9.34 11.71 13036 14.89 16.90 

, RE3 07310 915m 5100 020m, 1630 ‘T700 8010 5290 5290 6460 7250 7q90 8570 
8.84 10.86 v13.23 14d86 16.37 18.19 9.03 11.19 13u65 15.33 16.90 18.74 

IEO 59600 
> 

5510 0730 8203 9190 10120 11220 5650 693M BK50 9470 10030 1158. 
9.34 .11041 13.90 15¢5& 17.14 19.02 9.57 11.74 14.32 16.05 17.67 19.63 

RE5 9150. 873k 1065. 1295. 1452. 1597. 1774. 894. 1095. 1333. 1498. 1648. 1829. 
; 9.54" ,11.64 14.16 15.87 

‘ 

17.45 19.38 9.77‘ 11.97 14.57 16.37 18.01 l9u99 

0 I 0 0 0 0 0 0 0'0 0 I I 0 0 0 I 0‘I 0 0'0 0 0 0 0 I50 I I 0 0 010 0-0 0,0 0 0 I 0l0'0 0 0 0 I 0 I 0 0 0 0.0 0 0 0 0 0 0 0 0'0 0 0 0 0 0 0 0 0 0 I I 0 0 0 I 0 I 0 I 0 0 0vI I I 0 I I 0 0'0 0.0 I 0 0 0 0 0 I I 0 I 0 I_0 0 070 
I'I I 0
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TABLE 8.3 - UNIT DAHAGE FDR VARIOUS RETURN PERIODSr FRS*D021 

S‘YSTEHA‘TIfC mvaoncu; ton noon vum MANAGEMENT RICHELIEU axvan 
P a s to o. o 2 1 

.................................m0AHAGE IN 1976 DOLLARS AND AS A PERCENTAGE PER UNIT OF PHYSICAL CAPITAL............ 
HUNTCIPA-‘PHYSICAL ‘**V****$****¥ANNUAL U1STRI8UTION§*¥**¥*****¢¢*66------------SEASONAL DISTPIBUTION--------------- 

OJCOOOOOEIIOOIIOI.OI.OIO0!OOIOIO:OO0.0,’-O—OOII,OO_CI,OO‘IIOOCIOOOOOIIIIOOOOIOO0OIIOOIOO00OOOOOOOOOOOOIOIOCIOIIO 
. 

. 

' 

> 

R E T U R N P E R I D D 
‘$!UNrT) IQOOOIOOOOOIOCO0.0.003.0000IOOIOIOIIIUCECOCICUIIIITICOOIOIIIICOCOIIOIIIOOIOOCIOUCOIIOOIOOOOOOOOOI 

10. 20 50 100' 200 500 I0 20 50 100 200 500 
UQICCCWCCOOOCOQCOWOC1.I..OQ$$IIOIIlCW3C.f‘.ODC.‘QUCTCNIOCCCCCICOOOIOOCCOCOJOI0.000IOOIIIILIIOOIIIIIOIOOOIIOI000090300 

R01 25679. 911. 1126. 1381. 1568. 1761. 1958. 935. 11584 1629. 1619. 1799. 2026. 
3.55 6.38 5.38 6.11 6.78 7.63 3.66 6.51 5.56 6.30 7.00 7.89 

R02 11228m 387. .693. 589. 666. 739. 828. 397. 693. 6085 689. 763. 655. 
‘D039 7061 

R03 12270. 639. 562. 667. 752. 835.6 936. 650. 558. ‘696. 778. 863. 968. 
3.57 6.62 5.63 6.13 6.81 7.63 3.67 6.55 ’5.67 6.36 7.03 7.89 

R06 15216. 558. 7688. 867. 955. 1060. 1189. 572. 708. 873. 987. 1096. 1229. 
3.67 '6.52 5.56 6.28" 6.96 7.81 3576 6.65 5.76 6.69 7.20 8.08 

RE1 15600. 665. 565. 669. 753. 835. 936. 655. 562. 689. 777. 862. 969. 
2.85 3.50 6.29 ' 6.83 5¢35 6.00 2.92 3.60 6.62" 6.98 5.52 6.21 

RE2 6288. 176. 216.~ 5273. 313. .352. 601. 176. 223. 2333 I325. 365. 618. 
' 2.76 3m66 6.36 6.98 5.59 6.37 2.80 3.55 6.50 5.17 5.80 6.65 

R53 6731. 159. 
I 

P97. .262. 276. 306. 361. 163. 203. 250. 283. 316. 352. 
31035 (0015: 5012 5.79 6.92 7.020 3.96 6.29 5.29 5.99 6065 7-66 

R56 5900. 209. 258. 318. ' 359. 398. 666. 215. 266. 328. 371. 612. 662. 
’ 3'05’ 00:38 50.39 60:09 

_ 

(On 6.2.9 6098 
RE5 ' 9150. 332. A609. 503. 568. 630. ' 706. 360. 621. 519. 588. 652. 

I 

730. 
3363 6.67 5.50 6.21 6.89 7.72 3.72 6560 5.67 6.62 7.12 7.98 

OQOOOIIIOOCIJJOCOCOIOCUIIOJOICOGIIIOOIOIMOfiQIOIOIIOUJOCIICIOVIIIII.OCT!IU100IOOOCIOIQIOIOCOOOCIUCUCCCJHICUCICCUIUUCCO



SDI 

IAQUE 8.6 - UNTT DAHIGE FOR VIRIDUS REFURN PEflI0DS9 PRS*D022 

SYSTEHNTIC APPEUKCH FOR FLOOD PLAIN MANAGEMENT 
I 1 C!HiE 6.1 E U R I V E R 

P R=S ’*§D 0 2 2 

oomowooocuooooo0ooo¢.oro..om.ooooLDI"‘GE 1N‘1q76 DOLLARS AND AS A PERCENTIGE PER UNIT OF VHYSICAL CAP1TAL............ 
nun1c;1u- PHYSICAL .............un_n_u—"AL :n,rs1n«1eumrouwvun=-Hvuuv---------4--stxsmm omsrvmunon-------------n 
LIIY c‘PIT‘L' COCCJCCCCCCICOQO$$OOCCCIIIOI..I01J'IOIOUT10C‘I.OItOiCJJIO‘.tIJJOIOOOCCJOICOCOIIOOOIOOOOOIIIOOOOII 

R E T U R N< P‘E R I 010 
1‘!UNII) IOOIOOOUOO0.000IIOOCCC.CCIODICCCIOOOOIOCOOOOIIIIOOOIUOOIIOOOOOOOCIOCOCOOOIIOUIIOOOIOOIIIOOOOICICO 

10 20‘ 50 100 200 500 10 20 50 100 200 500 
00300.00C..0.00.000CCICTIOCCWCOIUOIC0.0.0.1QCCOO000.1000OIOfC‘OOIIIIOUICIIIOIOCOWOIIIICIIOTOOIOIIIIOIIIOOIIOIOIIOOIOI 

R01 25679. 1667. 1801. 2200. 2687. 2750. 3079. 1506. 1856. 2273. 2566. 2838. 3181. 
5.71 7.01 8.57 '9.68 10.71 11.99 5.86 7.22 8.85 9.99 11.05 12.39 

R02 11228. 623. 790. 939. 1058» 1169. 1306. 639. 790. 969. 1092. 1205. 1366. 
5.55 7.03 ’8.36 9.62 -10.61 11.61 5.69 7.03 8.63 9.72 10.73 11.97 

R03 12270. 706. 868. 1061. 1193. 1319. 1671. 726. 893. 1106. 1233. 1361. 1520. 
5.75 7.07 8.65 9.72 10.75 11.99 5190 7.28 9.02 10.05 11.09 12.39 

R06 15216. 897. 1101. 1367. 15135 1673. 1867. 920. 1133. 1387. 1562. 1727.‘ 1927. 
5.90 7.26 8m85 9.95 10.99 12.27 6.06 7.66 9.12 10.27 11.35 12.66 

RE1 15600. 719. 878. 1072. 1203. 1330. 1685. 735. 906. 1106. 1261. 1372. 1536. 
6.61 5.63 6.87 7.71 8.53 9.52 6.71 5.79 7.07 7596 8.79 9.85 

R52 6288. 281. 369. 637. ’50m. 559. 636. 285. 359% "653. 518. 580. 661. 
6.66 5.55 6u95 7.96 8d89 10.09 6.53 5.71 7.20 8.26 9.22 10.51 

60 6967. 554. 
5.60 6.66 8316‘ 9.20 10.17 11.35 5.55 6.87 8.63 9.50 10.51 11.71 

R56 5900. 337. 616. 507. 570. .630. 702. 366. 626. 522. 588. 650. 725. 
5.71 7.01 8.59 9.66 10.67 11.89 5.86 7.22 '8.85 9.97 11.01 12.29 

R55 9150. 536. 655. 801. 901. 995. 1110. 567. 676. 825. 930. 1028. 1166. 
5.86 7.16 8.75 9.85 10.87 12.13 5.98 7.36 9.02 10.17 12.53 11.23 

OQIOIUOOCCCOCCOTCIOUIIOCOUIIIICOICOIOUCJCUOCOCO.ECOUOIIOWTOUOCCOOOITOOJOOOOIIOTIOOOOOIOOIIIN]IOOIIIQOOQOCCIOOOCICIOCO
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TABLE 3.5 - UNIT DAMAGE FDR VARIOUS RETURN PERIODS) PRS*DTDT 

SYSTEMATIC APPROACH FOR FLOOD PLAIN MANAGEMENT 
R IrC H E L I E U R I V E R 

P R S P‘ D T 0 T ' 

OIOOOUOOCOIOOCOOOOOOCOOIUIIIIOIIOID“H‘GE IN 1976 DOLLARS AND ‘S A PERCENTAGE PER UNIT OF PHYSICAL CJPITALIIIIOIIIIIOI 

MUN1CI‘PA- PHYSICAL nun-In-n¢nn»NNuAL DTISTR!BUTI'0N¥****N'¥*¢****H------------SEASONAL DIS‘TR‘IBUTI0N----'- ----- ----- 
LITY cAPIt‘L IIJIICICOOCIOOCCOCIOOOOOCICIIIOOIOIICIOICO0CIOOOOOCOOOOOOIOOOOOUIWIIOOOIOIWOIIOIUOIIOICOOIIUOOIII R=ET"U,'RN PERIOD 

‘s’UN1T) OOCIIOCOCIIIIIOOIIOIIOOIOJI0.0CIOOIWC'ICOO30JIOIOOOOIO3.0000000IIOOOIOOOOOJOICIOICOJJJCWIOOOOJOOI 
10 20 50 I00 200 .500 10 .20 50 100 200 500 

CUOUCOCIICCCOCICUIICCCCWU..CWC‘T.0OOIOfi.OOCUICO0COO‘.OIJJOIDOII00.00IO0IICOOJOIIIOIIIIOOIOIIOOIOOOCIIIOOOIIIOIOOIOIOO 

7768. R01 25679. 4391. 5310. 6372. 7108. 8565. 4495. 5453. 6561. 7304. 7983. 8808. 
' 17.10 20.68 24.61 27.68 30.25 33.35 17.50 21.24 25.55 28.44 .31.09 34.30 

R02 11228. 1868. 2328. 2726. 3033. 3313. 3643. 1913. 2328. 2804. 3119. 3402. 3740. 
16.63 20.74 24.28 27.01 29.50 132.45 17.04- 20.74 24.97 27.78 30.30 33.31 

R03 12270. 2112. 2558. 3070. 3409. 3724. 4093. 2162. 2626. 3187. 3509. 3826. 4208. 

17.62 21.29 25.55 28.34 30.94 34.02 18.02 21.84 26.23 29.15 31.82 34.95 

KE1 15600. 2180. 2631. 3165. 3518. 38545 4254. 2227. 2704. 3252. 3620. 3961. 4382. 
5 13.98 16.87 20.29 22555 i24a71 .27.27 14mZ8 17.33 20.85 23.20 25.39 28509 

‘RE2 6288. 852. 1046. 1290. 1459. 1613. 1804. 864. 1075. 1332. 1507. 1666. 1871. 
’ 13.56 16.63 20:51 23.20 25.66 28.70 13.74 17.10 21.18 23.96 26.49 29.75 

RE3 4731. 768. 933. .1123. 1251. 1367. 1505. 787. 960. 1156. 1286. 1408. 1546. 
16.23 19.73 23.74 26.44 28.90 31.82 16.63 20.29 24.44 27.22 29.75 v32.69 

RE4 5900. 1009. 1220. 1467. »1630. 1779. 1954. 1033. 1253. 1508. 1675. 1828. 2010. 
17.10 20.68 24.87 27.63~ 30.15 33.12~ 17.50 21.24 25.55 28.39 30.99 34.06 

RE5 9150. 1596. 1928. 2314. 2570. 2804. 3082. 1633. 1978. 2376. 2644. 2885. 3168. 
17.45 21.07 25.29 28.09 30.64 33.69 17.85 21.62 25.97 28.90 31.53 34.63 

CICCJICCOFCIIOOOOIIO0ICIJIOCICCICCO0.00.1.000CIIICIIOOOOIOOIIOC0.UOOWOWQOCIOOOOOOOUIIOlO3000IIlUOIOOIIOIOFIIIOJIIITCI



SOI 

TABLE 8.6 - UNIT DAMAGE FDR VARLQUS RETURN RERIODSI C1S*D010 

SYSTEHAfIC APPROACH FOR FLOOD PLAIN nINAGEHENT 
vk I C H E L I.E~U ..R I V E‘R 

- Clsu-£0010 

oImnoooonoooo11oooooono11od.oo6o..D‘HA5E IN 1970 DOLLARS AND ‘S A PERCENTAGE PER UN}? OF PHYS1CAL CAPIT‘LoooootooooIc 
HUN1C1P0' PHYSICIL ’*¢*¢*#*¢#¥#6##ANNUlL DISTRIBUYIONi6¥*¢it#66#46006-----------éSEASDNAL DISTPIBUTIGN--------------- 

CCOCO.DOC‘.000007.‘.OI...‘C'.IIIOIICOIO.OIICIO.OOOOOQICCOCIOOOCIUCOUCHOOOCIO..*OIIICODIOIIIIOOOCCIIIICC 
' 

R E F*U R N‘ _P E R I 0 D 
O-C'CCOCCI‘CD-0.030000.00000’.0CU..COI:COC.CIOI'O'O'OI,0OIOC'.3.’.'O'IOUOICIIIIO-IOIIO-IIIO‘O1IOOIlIOIOIIIOIOOIOOOOOIO 

10 20 50 100 200 500 10 20 50 100 200 500 

R01 60000. 1352. 1666. 2060. 2311. 2561. 2875. 1387. 1716. 2109. 2386. 2665. 2972. 
3.38 6.16 5.10 5.78 6.60 7.19 3.67 6.28 5.27 5.96 6.61 7.63 

R02 60000. 1313. 1669. 1991. 2267. 2688. 2782. 1367. .1669. 2055. 2321. 2566. 2870. 
3.28 6.17 6.98 5.62 6.22 6.95 3337 6.17 5{16 5.80 6.62 7.17 

803 60000. 1362. 1679. 2060. 2321. 2571. 2875. 1397. 1729. 2168. 2399. 2656. 2972. 
3.61 6.20 5.15 5m50 6.63 7.19 3.69 6.32 5.37 6.00 6.66 7.63 

R06 60000. 1397. 1719. 2109. 2375. 2630. 2963. 1632. 17685 2173. 2653. 2718. 3061. 
3.69 6.30 ‘5.27 5.96 6.57 7.36 3.58 6.62 5.63 6.13 6.80 7.60 

RE1 60000. 1089. 61332. 11630. 1833. 2030. 2271. 1116. 1372. 1679. 1892. 2096. 2350. 
2.72 3.33 6.07 6.58 5.07 5.68 2.78 3.63 6.20 6.73 5.26 5.86 

IE2 60000. 1056. f1313. 1650. 1892. 21f9. 2609. 1069. 1352. 1709. 1961. 2198. 2512. 
2069 3028 9012 9073 5030 '6o°2 2067 3035 9027 9090 5099 6025 

RE3 60000. 1278. 1580. ’1961. 2193. 2629. 2718. 1313. 1630. 2005. 2266. 2512. 2806. 
3.19 3.95 6.85 5.68 6.07 6.80 3528 6.07 5.01 5.67 6.28 7.02 

IE6 60000. 1352. 1666. 20655 2306. 2551. 2850. 1387. 1716. 2109. 2380. 2635. 2968. 
3.38 6.16 5.11 5.76 6.38 7.13 3.67 6.Z8w 5.27 5.95 6.59 7.37 

IE5 60000. 1382. 1699. 2086. 2350. 2600. 2909. 1617. 1769. .2168. 2629. 2689. 3007. 
3.66 6.25 5521 5.88 76.50 7.27 3.56 6.37‘ 5.37 6.07 6.72 7.52 

oowoooouocoooorrropoocottopooouoocooo0001010cococooooooooomwowpoooooorowwwooourmtowouonbbqormououpoouooouonorotumoooo
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TA8LE 8.7 - UNIT QAHAGE FOR VARIOUS RETURN PERIODS: CIS¢0O20 

SYSTEHITIC APPROACH FOR FLOOD PLAIN MANAGEMENT 
R I C H E L I E U R 1 V'E R 

C 1 S 4* 0 0 2 0 

001000001100ronoooooooo¢o.oooooooooD0H0GE IN 1976 DOLLQR5 AND ‘AS A PERCENTAGE PER UNIT OF PHY$1COL COP170Lo-ooouooocooo 

HUNICIPA- PHYSICAL #######¢¢#¥*¥#ANNUAL or51RIaurIonttttit.ttttttttr-----¥------sEAsnNAL DISTRIBUTION--------------- 
COOOO0,00IIICOOOOCOO'OIOOIrCI'O.CIOOCIIOOOQIOCOOrOOOIIICCOCf.?II‘CIIIOOIIOIOIICOOICO'COIOIOIUIUCIQOCIOOCIC 

5 

in E T uva N 9 5 R I o~o 
(SIUNIT) I0000F0300IEOJOIIIOOJOI30lOIOIWIIO0IICDWIIOOlO60TOIIICOJOIIIIIIIOIJOIIOO0IOJIWWOIIOFOIIJIOIIOIOOI 

1o 20 so 100 200 500 -10’ 2o_ so xco zoo 500 
UQCICIICOICIO20!.I_CIIOCOCOOOOOICIO_0IOICOC.0CGU00.OIOICIQCCOVOIIOOCO0O0OOOC..'.000.000C00'...00040.00II‘OOCOCCOIIOO‘OI.CC0.O 

R01 40000. 4130. .6329. 9502. 12032. 14459. 17504. 4351. 6717. 10132. 12741. 15272. 18438. 
10.33 v15.82 23.76 30.08 36.15 43.76 10.88 16.79 25.33 31.85 38.18 46.09 

RO2 40000. 3885. 6367. 9059. 11423. 13742. 16607. 4099. 6367. 9636. 12126. 14507.‘ 17457. 
9.71 15.92 22.65 28.56 34.35 »41.52 10.25 15.92 24.09 30.32 36.27 43.64 

RO3 40000. 4193. 6444.‘ 9681. 12126. 14555$_ 17504. 4416. 6836. 10497. 12884. 15368. 18438. 
10.48 16.11 24.20 30.32 36.39 43.76 11.04 17.09 26.24 32.21 38.42 46.09 

RO4 40000. 4416. 6757. 10132. 12646. 15129. 18159. 4645. 7156. 10727. 13408. 15988. 19083. 
11.04 16.89 25.33 31.62 37.82 45.40 11.61 17.89 

_ 

26.82 33.52 39.97 47.71 

RE1 40000. 2656. 4006. 6063. 7689. 9413. 11656. 2780. 4256. 6444.’ 8194. 9996. 12410. 
.6.64 10.02 15.16 19.22 23.53 29.14 v6.95 10.64 16.11 20.48 24.99 31.02 

RE2 40000. 2489. 3885. .6214. 8194." 10223._ 12979. 2560. 4130. 6678. 8796. 10958._ 13981. 
6.22 -9.71 15.53 20.48 25.56 32.45 6.40 10.33 16.70 21.99 27.39 34.95 

RE3 40000. 3677. 5691. 8623. 10912. 13169. 15988. 3885. 6063. 9191. 11610. 13981. 16843. 
9.19 14.23 21.56 27.28 32.92 39.97 9.71 15.16 22.98‘ 29.02 34.95 42.11 

RE4 40000. 4130. 6329. 9547. 11985. 14363. 17269. 4351.‘ 6717. 10132. 12694. 15177. 18205. 
10.33 15.82 23.87 29.96 35.91 43.17 10.88 16.79 25.337 31.73 37.94 45.51 

RE5 40000. 4319. 6600. 9906.’ 12410. 14842. 17832. 4546. 6995. 10497. 13169. 15702. 18761. 
10.80 

_ 
16.50 24.76 31.02 37.10 44.58 11.36 17.49 26.24 32.92 39.26 46.90 

...........C..........C........'....‘.0...-‘ICC...U..r.C.C..C....C................2...‘..I..C..C....'I.I.CI.I.O:O'...'...'...Qj.
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TIIEE 8.8 - UNIT DAHAGE FOR VARIOUS RETURN PERIODS) C1S%D021 

SYSTEMATIC AFPRDICH FDR FLOOD PLAIN MANAGEMENT 
R I‘C H E L I E U R I V'E R 

C I S 4* O 0 2 1 

ODOOOOOOOOICIJIIIIIIfCJOOCIJIOCOO’DAHlGE IN 1916_DOLLlRs AND AS ‘ PERcENT‘GE PER UNIT OF EHYSICAL CAPITALIOIIOOOOOOOI 
HUN1C1PA' PHYSICAL *****4*¥¢9¥¢#*lNNUk[ DISIRF8UTION#¥#*‘#44#¥*##**#b-----------S£ASDNAL DISTRIBUT1DN---'~--------'- 

UCOUUOCTCJIOCOIOOCCCIO‘COOOC.O30000003000900.IIT0000‘OI.COIOOOCOII0'OIIIOOI.IO'I0.I0ICC-.IO.IIIC.OOIIO'0 
R E T U R N P E R 1 0 0 

O.IIIOCC1.U.COCO'0II100‘A000!UCO.CU30.0.0O.fCU‘...C0OCO'CCIU0I,I.O‘O0IOC0OC'OO'C'I.I'IIIOO0OIIOCvIOC0IOIU.COOOIlOQ 
' 10 20 50 100 200 500 10 20 50 100 200 500 

OCOOIQCICOC0000OIOICOOOOIIOOOOOOOO0CIIIIIOOQ0000COCOICIICICCQ000.00COlIOOOC.OO0.IIICIC0.0.0.00COIOIOOIOOODOOIOOCOOIOIC 

R01 40000. 2335. 2874. 3521. 3988. 4419. 4958» 2395. 2959. 3640. 4115. 4563. 5126. 
5.84 7.18 8.80 9.97 11.05 12.39 5.99 7.40 9.10 10.29 11.41 12.81 

R02 40000. 2266. 2882. 3436. 3878. 4293. 4798. 2326. 2882. 3547. 4005. 4428. 4949. 
5.67 7.21 8.59 9.69 10.73 12.00 5.82 7.21 ‘8.87 10.01 11.07 12.37 

R03 40000. 2352. 2899. 3555. 4005. 4436. 4958. 2412. 2985. 3708. 4140. 4579. 5126. 
5.88 7.25 8.89 10.01 11.09 12.39 6.03 7.46 9.27 10.35 11.45 12.81 

R04 40000. 2412. 2968. 3640. 4098. 4537. 5075. 2472. 3053. 3751. 4233. 4689. 5243. 
6.03 7.42 9.10 10.25 11.34 v12.69 6.18 7.63 9.38 10.58 11.72 13.11 

RE1 40000. 1880. 2300. 2814. 3164. 3504. 3920. 1923. 2369. 2899. 3266. 3615. 4056. 
4.70 5.75 7.03 7.91 8.76 9m80 4.81 5.92 7.25 8.16 9.04 10.14 

852 40000. 1820. 2266. 2848. 3266. 3657. 4157. 1845. 2315. 2950. 3385. 3793. 4335. 
4.55 5.67 7.12 8.16 9.14 10339 4.61 5.84 7.38 8.46 9.48 10.84 

RE3 40000. 2206. 2728. 3351. 3785. 4191. 4689. 2266. 2814. 3462. 3912. 4335. 4840. 
5052 6.62 8038 9B‘5 10398 11072 5067 7003 8.65 9078 10009 12010 

RE4 40000. 2335. 2874. 3530. 3980. 
4 

4402. 4916. 2395. 2959. 3640. 4107. 4546. 5084. 
5.84 7.18 8.82 9.95 11.01 12.29 5.99 7.40 9m10 10.27 11.36 12.71 

RE5 40000. 2386. 2933. 3598. 4056. 4487. 5017. 2446. 3019. ' 3708. 4191} 4638. 5184. 
5.97 7.33 8§99 10.14 11.22 12.54 6.11 47.55‘ 9.27 10.48 11.60 

A 

12.96 

0000000000m00m000000000m000t0w10Q00010000¢00w000000000001000n0tr00000000m0mooitfotowmnbo000mr40u00o0m00n000Urromormmo
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IKBLE B.9 - UNIT DAHIGE FOR VARIOUS RETURN PERIODS) CISVDOZZ 

SYSTEHIIIC APPROACH FOR FLOOD PLAIN MANNGFHENJA 
R I C H‘E L I E U R I V E*R 

C 125 *‘ 0 0 2 2 

............r.....................0AHAGE IN.1976 DOLLARS AND AS A PERCENIAGE FER UNIT OF PHYSICAL CAPITAL............ 

nun1c1p1— pHys1c1L ;¢0¢¢¢ttttttttANNuAL oxsxnrau71oN9¢¢9t¢t¢tttttttt--——--—---—-stAsoN1L oxstnzgurxnu; ————— ----—-—-- 
. 

'0C...CICOQQCO.0OCQOICOVO-.CII.CCO'IOCOCOO;O;O'.'OCIOIIIOI-0'00C,OIO.OU1COr!OI‘.OI.I'C:OOI'OIIIOOO‘D.I.OI>OIOOO.I.O.IOICC 
_ 

“ ~0’ 
A 

2«a E'T u 2 N P E 2.1 0 0 
IOOCIOQCUICCIO'IOOOOCOITOOIIVOOO:II‘3IOOOCIO'O:I.O.O:OOIO.CIIC.OIOl.~O.IOlO'COOIIOOOOO0ICOCOOlIOO‘IOIIO0ICQOlOOOO 

’ .10 .20 N50 100 ~200 \500 10 20 50 100 200 500 
OOOCQOOOCCCOCC..C».‘CCI..».OC0‘I_,C'O000020Q‘6.C.OIII:OC‘O’.CIIO.,CfOOOCCOCOIO0OC.OICO'CI,C’.IIIOIIOTUIOOICOOWDCOICC-OOOO‘O'O?OC01008007003500 

801 40000. 2217. 3019. 5042. 7700. 9730. 12370. 2352. 3079. 0310. 0331. 10424.‘ 13223. 
5.54 9.05 14.61 19.42 24.36 30.96 5.8B- 9.70‘ 15.77 20.83 26.06 33.06 

R02 40000. 2008. 3045. 5519. 7292. 9143. 11579. 2190. 3045. 5941. 7842. 9778. 12334. 
' 5.17 9.11 13.80 18.23 22.86 28.95 5.69 ‘9.11 19.85 19.61 24.4% 30.83 

902‘ 19. ' 24054 95 5,098 909.0 

004 40000. 2392. 3900. 0310. 0255. 10302. 12900. 2534. 4177. 0750. 0070. 111040. 13019. 
5.98 9.76 15.77 20.64 .25.76 32.92 6.33 10.66 16.90 -22.17 27.60 34.55 

1251 40000. 1350. 2142. 3443. 4545. 5777. 7474. 1420. 2294. 3090. 4099. 0200. e007. 
5.0 :18‘: 111:0 -115,0 I ‘ 5 0 9 0 Z‘! I L539 20]: 

RE2 40000. -1250. 2000. 53543. 4099. 0370. .8522.‘ 1290. 2217. 3053. 5329. 0934. 193.0. 
' 7' ‘3(16 5.17 8.86 12.25 15.99 21.31 ' 3.20 5.54 9.63 13.32 17534 123.35 

»RE3 _ 50000. ,1943.; 3200. .5206. 6899. 8676. ‘11040._ 52068. 3443. 5615. 7637. 9340. 11788. 
. 4.86 8.00 11.01 17.25 21.69 27.60 '5.17v 8.61 14.04 18.59 23.35’ ’29.#7 

R24 , 40000. 2217.’ 3019. 5075. 7731.~’ 9050. 12105. 2352. 3079. 0310. 0293. 10343. 13011. 
' 

V 

5.56 9r05 19.69‘ 19.33- 29.19 30.41 5.88 9.70 15.77 20.73 25.86 32.53 

005 ‘ 40000. ‘2333. 3000. "0141. 3007. 10059. 12072. 2472. 4007. 0504. 0070. 10792. 13521. 
~ 5.83 ,9.50 

V 

15y35 
5 
20.17__ 25.15 L 31.68 6.18 10.17 '16.66. 26.93. 33.80 21.69 

CI.i?OOIC‘OlQCIOIOO.IIFOOIICC:lIIIC.,O.OOC'OIOO0O}OIIIOOIIIO0DVDCOOOOOOEIJI-O'OO,ObO‘O’I‘IOO'O:IOIOI‘O:I.IO'lO'IO:OI‘OI'OOO.C:OIIOO‘IICO:I.OC.C.CIC0I‘I‘I
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TABLE 8.10 - UNIT DAHAGE FUR VARIOUS REIURN PERIODS; C1S*DTOI 

S¥SEEHIT1C APPROACH FOR FLDDO PLA1NrHkNAGEFENT 
.R I C N?E L I E U R 1 V E R 

- C 1 S 6* D T 0 T 

oooooonooococo0tron020:0ob_uc:oo¢ooo:o:o‘D‘H0‘GE AS, A P29 ‘UNIT OF PHYSICAL CA'P'1TAL.o..ooouoo.. 

HUNICTPA’ PH¥$1"CA‘E 9999*'69'99*9»999.,A‘NNUAL D'I‘ST1_RIBU:I"I=UN##*¥#!¥#96-461!6'!8------------S:E.A»S.DN1AL DI'S;TF IBUIIDN ------ --------- 
L287 c‘Prt~L OCCICCICOOCWQOOICOT@OICQCWOIO..CO‘IICOCOCOOOIIIOOOIOOCOJOIIOOCOLCIIO,IOtOOIIOOOIOCIIOOOIOCOQIOOIO 

R E T U»R N P £31 I 0‘0 
($flUNIT) UOOCQWUCUOOJOOO$OJCflOO.CUI10.IOfEO1COIOOIITUOWTJICIOCITIOIOOOOWICOOIIOICOOIOIUIFOIIOIOCOIOOOOIIII 

10 ’20 ' 50 I00_ . 200 500 10 20‘ 50 100 200 500 
QICCWCOCCCICCOICOCOOOOIOOIICIICICIOQCJOOOOICOCOIlCI‘OO3OUOI.‘OIOUIO.CO‘IIOJIiIIIOIOIJOOIfllO0OOlOIIIIOOOOOCCOOOOOIIOII 

801 60000. 5835. 8907. 13113. 16269. 19137. 22521. 6150. 9637. 13916. 17123. 20066. 23512. 
16.59 22.27 132.78 60.67 67.86 56.30 15.37 23.59 36.79 62.81 50.16 58.78 

R02 60000. 5685. 8960. 12563. 15525. 18306. 21568. 5791. 8960. 13285. 16386. 19192. 22670. 
13.71 22.60 {31.36 38.81 65.76 53387 16.68 22.60 33.21 60.96 67.98 56.18 

R03 60000. 5926. 9065. £13362. 16386. 19267. 22521. 6261. 9598. 16376. 17293. 20172. 23512. 
16.81 22.66 : 33.36 60.96 68.12 56.30 15.60 26.00 35.96 63.23 50.63 58.78 

R06 60000. 6261. 9691. 113916. 17010. 19902. 23218. 6565. 10031. 16663. 17916. 20866. 26165. 
15.60 23.73 ~ 36.79 62.52 69.75 58.05 16.61 25.08 36.66 66.78 52.17 60.66 

RE1 60000. 3716. 5659. 8562. 10766. 12999. 15812. 3895. -6016. 9065. 11613. 13766. 16726. 
9.29 16.15 21.35 26.86 32.50 39.53 9.76 5.03‘ 22.66 28.53 36.36 61.81 

RE2 60000. 3673. 5685. 8750. 11613. 16031. 17607. 3576. 5835. 9386. 12202. 16950. 18586. 
8.68 13.71 21.88 28.53 35.08 63.52 8.96 16.59 23.66 30.50 37.38 66.66 

RE3 60000. 5187. 8029. 11975. 16893. 17632. 20866. 5685. 8562. 12716. 15756. 18586. 21607. 
39.39 ‘Q6196 5'91. 

RE6 60000. 5835. 8907. 13170. 16212.- 19027. 22268. 6150. 9637. 13916. 17067. 19956. 2326Jr 
16.59 22.27 ’32.93‘ 60.53 67.57 55.67 15637 23.59‘ 36.79 62u67 69.89 58.17 

WE5 60000. 6106. -9277. v13629. 16726. 19576. 22872. 6625. 9816. 16376. 17632. 20567. '23851. 

o¢,uo¢ooouacoouc,.vo.oonoodoozmoooucocoooonaorooooooooooncooocoouoooaoocooouzoooooocootoc0-nono.oo‘rr.:ou,c_o_nmooouoomuooooczoociu
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TA8LE $.11 ' UNIT DKMAGE FOR VAR10US RETURN PERIODS; AGS*0010 

SYSTEMATIC APRROACH‘FOR F1000 PLAIN MANAGEMENT 
R 1 C«H E‘L I E U R 1 V E R 

A G”S 9* 0 0 1 0 

..................................DKHAGE IN 1976 DOLLARS AND AS A PERCENTAGE PER UNIT OF PHYSICAL CAP1TAL............ 

HUN1CIPA- puvsxcnu ##¢###*¥####¢#ANNUAL orstnxsux1ouctrttttvtttttttt------------ssAsoNAL DISTRIBUTIDN----------————- 
II1ClI.CICCIICQCCOIIOOIQOIO0.0CO.I.O'CQCI.OCIIOO'OIDOOOOCIO:OOOICCCOCOOUOODOOICIICCCOIOCOOIIIOOOIIOICO 

7 

R E 7‘U%R N P E R I 0 o 
($I‘cRE ) OCOCOOWOIIOCIJIOOOIOWOU00001OIUIOOOIOJUIOIOOOIIOIOOOIIOIIIOIIIOIIOOOIOOOOCOIIOOOOOIICOOOIOIOOOIII 

10 20 50 100 zoo 500 101 20 so 100 200 500 

R01 700. 250. 296. 362. 373. 399. 629. 255. 301. 350. 380. 607. 637. 

R02 700. 265. 295. .336. 366. 391. 620. 250. 295. 366. 376. 399. 628. 
36.96 62.12 67.98 52.26 55.89 60.03 35.66 62.12 69.09 53.60 57.05 61.19 

R03 700. 252. 296. 366. 376. .600. 629. 257. 303. 356.» 382. 608. 637. 
35.99 62.36 69.16 53.60 57.10 61.25 36.71 63.28 50.66 56.56 58.26 162.67 

R06 700. 257. 301. 350. '380. 606. 635. 262. 308. 357. 388. 616. 663. 
36.71 63.06 69.97 56.23 57.93 62.13 37.62 66.00 51.02. 55.39 59.15 »63.35 

RE1 700. 210. 267. 290. 316. 361. 368. 216. 253. 
_ 
296. 326. 368m 377. 

‘ 29.96 35.32 61.60 65.16 68.65 52.63 30.51 ‘36.21 62.36 66.27 69.75 53.86 

RE2 700. 206. _265. 293. 326. 351. 383. 207. 250. 300. 332. 360. 396. 
" 29.13 36.96 61.79 66.27 50.16 56.73 29.52 35.77 62.90 67.68 51.61 56.27 

RE3 700. 239. 283. V330. 359. 385. 616. 265. 290. 338. 368. 396. 623. 
36.16 60.61 67.10 51.35 55.00 59.15 36.96 61.60 68.26 52.52 56.27 60.36 

R66 700. 250. 296. 362. 372. 
I 

398. 626. 255. 301. 350. _380. "606. 635. 
35.77 62.07 68.92 53.12 56.83 ;60592 36.68‘ 63.01v 69.97 56.28 57.99 62.19 

RE5 700. 255. 299. 367. 377. 603. 632. 260. 305. 356. 385. 611. 660. 
36.37 62.73 69.59 53.86 57.55 61.69 37.09 63.62 50.66 55.00 58.76 62.91 

QC-OCOOIIO.C0.0I.IOIOIOOCOIOOOCOOIOCOOOCOOGOOCOIOCIOO‘OOOIO0.0‘IOIIOIIO‘OlIOOOOCC.IIOOIIIOOO0000000IIIOIIOOOIOO0000000300000
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TABUE B512 - UNI!-DNHAGE FOR VARIOUS RETURN PERIODS: A6S*DOZO 

SYSIEHAT1C APPRDACH=EOR FLOOD FLAIN MANAGEMENT RICHELIEU IRIVER AGS4-30020 

00005oneoooroazroooooo-00.000unzqonfioo-voDAH‘GE AND CAPITALo5-5555.5... 

"UNICIPA- PHYSICKLI ****¥********¥ANNUkL DISTRIBUTIDN****************----O------SEA$DNfiL DISTRIBUTI0N------------3-- 
OOOOOOIIOIOOOIOOOICIIOOIOIOIIII000IOOOC'CIIIIIOI:OIOOOIOI07.100000000010000!OG§~OIlIIOOIl.O,ICIOIOOOOOIIOC 

. 
R E T U R’N P E R I O D. 

) OlO.OI'I‘OCIOIC'IO‘OIII.1CrUC‘°.OOCO.OOLOIIO.‘UIVIIIOO'OIO.UO.CIC.IOOCOCC‘.UCCCIIIOOOOIOIIOOOOOIIIIOICOIIIOC 
10 20 50 100 200 500 10 20 50 I00 _Z00 500 

IIOIIOOOOOOOIOIOOOOOOICICCOOOOOIIOOOO00OIOCOOIOOOOOIOOCOCOOIIIOOCCOOOOOOOOOICCOOCICIIUCCIOIOOICI0.000DOOIOOIOC..CIOOOO 

301 700. 31. 39. 47. 53. 59. 55. 32. 40. 49. 55. 51. 53. 
4.49 5.51 5.73 7.51 3.42 9.42 4.50 5.57 5.95 7.35 3.59 9.74 

332 700. 31. 39. 45. 52. 57. .54. 31. 39. 47. 54. 59. 55. 
4.35 5.53 5.57 7.40 3.13 9.13 4.47 5.53 5.73 7.54 3.43 9.41 

R03 700. 32. 39. 43. 54. 59. 55. 32. 40. 50. 55. 51. 53. 
4.52 5.55 5.30 7.54 3.45 9.42 4.54 5.72 7.09 7.90 3.72 9.74 

304 700. 32. 40. 49. 
‘ 

55. 50. 53. 33. 41. 50. 55. 52. '70. 
. 4.54 5.59 5.95 7.32 3.54 9.54 4.75 5.35 7.17 3.07 3.92 9.95 

321 700. 25. 31. 33. 42. 47. 52. 25. 32. 39. 44. 43. 54. 
3.52 4.42 5.40 5.05 5.70 7.43 3.71 4.55 5.55 5.25 5.91 7.74 

222 700. 25. 31. 33. -44. 49. 55. 25. 31. 40. 45. 51. 53. 
3.51 4.35 5.45 5.25 5.99 7.93 3.55 4.49 5.55 5.43 7.25 3.25 

953 700. 30. 37. 45. _51. 55. 52. 31. 33. 45. 52. 53. 54. 
4.25 5.24 5.41 7.23 7.99 3.92 4.35 5.40 5.52 7.41 3.25 9.21 

324 700. 31. 39. 47. 53. 59. 55. 32. 40. 49. .55. 51. .53. 
4.49 

, 
5.51 5.75 7.50 3.39 9.35 4.50 5.57 5.959 7.33_ 3.55 9.55 

335 700. 32. 39. 43. 54. 50. 57. 33. 41. 50. 55. 52. 59. 
4.59 5.52 5.33 7.74 3.55 9.53 4.70 5.79 97.99 3.33 9.35 7509 

505500no0300000000000000000-onooorooooooooroooonoooaoooooonoozoaoocooomoozooooocopa0.0oooooocoomoooooooooooo0oco0o=o,I'0"IO9nIo'0
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TABLE 8.13 — UNIIVDAHAGE FOR VIRIOUS REYURN PERIODS: AGS*D021 

SYSTEIAIIC Anenolcn so. FLOOD vL.1n’m.Nna£neu1 
_ 

2 1 c n.e L:1 e.u% n 1 v 5;: 
- A G s 90-0 o 2 1

’ 

ocooauoooooornloooooooooQoowooooooD‘HAGE‘1" 1970 DOLLARS ‘ND 05 ‘ PERCEN7‘GE PER UNIT OF PHVSICHL CAP11‘L.ao.ocoooooo 
HUNIC1PA- PHYSICAL ***#*‘****9‘*4ANNUKL 01$IRf8UTIDNV**‘**‘?***‘*9*‘-' -------- --SEASDNIL DISTRIBUTION ------------- -- 
LITY ‘c‘PI7‘L OIOOOQIJOOOCCJJIUOIU‘0IICOO‘CODIOOOOOJWOOlQCUOWJCO00IOOOIIOOCCOOIOIOIOIIIIOOIIIIIOOLOJIOIIOEIOIOI 

R E T U‘R N P E*R I 0 0 
OCCCUC5C‘.C.C.’O'IIIC.OC‘.OU‘°C.I»IC1IICI.O00'.7.,OI0COOZUOIIOOOIO‘O7I~OIIUC.CO'OIOIIIIO,C’C'O‘OIOICIOIOCOIOOIOIDIOIOC 

10 20 50 100 200 " 500 .10 820 50 100 -200 500 
IOOIOIJOOCOIOIICCOOJCOOIOIEOJOOIQOJOOIIIIOOOCIOOIJJIOOIIOOOOIOOOIIOOfiIODIIllODDIOIOIOOOOOICOCOJOIIOOOOIOJOJCO[flIOJlOO 

R01 700». 4.7. 53.. '72. 31.. 90. 102. 49.. 60. ‘M. 81.. 93-. 10:. 
6.77 ‘8.35 110.26 11.64 12.91 14.51 6.95 8.60 10.61 12.01 13.34 15.01 

0 
' 

8,81.’ 96;. 0 9 8 2 0 o 0 
6.57 -8.38 10.01 ,11.31 12.54 14.04 16.74 8.38 10.33 11.69 12.94 14.49 

R03 700. 48. 59. 73. 82. 91. 102. 49. 61. 76. 85. 94. 105. 
6.82 8.43 10.36 11.69‘ 12.96 14.51 7.00 8.68 10.81 12.09 13.39 15.01 

R04 700. 49. 60. 74. 84. 93. 104. 50. 62. 77. 87. 96. 107. 
7.00 8.63 10.61 11.96 13.26 14.86 7.17 8.88 10.93 12.36 13.71 15.36 

R61 1000 3st 1471 570 64: _71i 803 391 45- 59. 67. 74. 83. 
5.44 '6m67 8.17 9.20 10.21- 11.44 5.57 6.87 8.43 9.50 10.53 11.84 

RE2 100. 31. ;.e. 
' 

5a. '61. ~75. .35. 37. .1. 960. 69. 17. e9. 
' 9986 ebb 

V ‘_ 6.39 7.92 9.76 11.03 12.24 13.71 6u57 - 8.17 10.08 11.41 12.66 14.16 
R;E.4~ 700. 1.1. 

’ 

5a. 72». B1. 90. 130.1. 1.9. so. 74. 84. 93. 104.. 
. 

_ 

' 6.77 8.35 10.281 11.61 12.86 14.39 6.95 8.60 10.61 11.99 13.29 14.88 

was 700. 48. 60. 7.3. 83. 9'2. 103. so. 61. 7.. 86. 95. moo. 
6.92 8.53 10.48‘ 11.84 13.11 14.68 7.10 8.78 10.81 12.24 13.56 15.18 

QCOOOOOIIOCOIOOOOIOOIOOOCD0000OOIIIIOOCOCIIOCOOIOOIOTOOOCIEIOIOIOOIUOWOOOCCOIIOIOIOOOIO0IOIO0.0‘OCIOIVIIOIOICUOOOOIOI
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IABLE 8.14 - UNIT DAMAGE FDR VARIDUS RETURN PER100Sm-AGS*D022 

SYSTEMATIC APPROACH FOR:FLODD RLAIN MANAGEMENT 
R I C»HiE L~1 E U R I‘V E R 

A G S.*#‘0 0 2 2 

000000000090000om;o1oooro1ooQoo1c;D‘HWGE IN 1976 DOLLARS ‘No As A PERcEN1‘GE PER UN1T.OF PHYSICAL CAP17ALoooooocoon.. 

HUNIC1PA°-PHYSICAL ***V**#**#*¥*#ANNUALéDE§TRIBUMLDN*###¥*¢###¥#**it------------SEASONAL DISTRIBUIION-°--*-"’-"-" 
LIVY CAPITAL ooapoooooooootoooooaoonoooooooooouooooooooooooooaooonooouomcooooourocaoqopomnnonaoooooooouncooooo 

' ' R E T U R N‘ ‘P E R 1.0 D 
0‘IAcRE 1 auto:000000000001001000moolooottcvoonoooocwnooooroocoooootosoooooooooolooooooonnoooooocooncrouoou 

10 20 50 100 200 500 10 20 50 100 200 500 
CCIOIOOUOCICCOO00.0QCIOICCCCICIIQCICICOCIOOIIOCOCOCIOJIIIIIIIIJJOOIIIIIO0IIOIOIOIOOOICIOIOOO‘IIIOOOOIIIOIOOOOIOEOIOOO 

R01 700. 1. 1. 1. 2. 2. 2. 1. 1. 2. 2. 2. 2. 
0.14 0.17 0.21 0.24 0.27 0.30 0.14 0.18 0.22 0.25 0.28 0.31 

R02 7000 41¢ 10 '10 20 20 20 In 10 21 2. 2. 20 
0.14 0.17 0.21 0.24 0.26 0.29 0.14 0.17 0.21 0.24 0.27 0.30 

R03 700. 1. 1. 2. 2. 2. 2. 1. 1. 2. Z. 2. Z. 
0.14 0.18 0.22 0.24 0.27 0.30 0.15 0.18 0.22 0.25 0.28 0.31 

R05 7000 1- ,1o 20 Z. 20 20 1. 1. Z. 2. 2. 2. 
0.15 0.18 0.22 0.25 0.28 0.31 0.15 0.18 0.23 0.26 0.29 0.32 

RE1 7000 10 10 1- 10 lo 2- 1. lo 10 1. Z. Z. 
0.11 0.14 0.17 0.19 0.21 0.24 0.12 0.14 0.18 0.20 0.22 0.25 

“E2 7000 ’1a 10 10 10 20 20 10 10 1. 1. Z. 2- 
0.11 0.14 0.17 0.20 0.22 0.25 0.11 0.14 0.18 0.21 0.23 0.26 

R53 700. 1. 1. 1. 2. 2. 2. 1. 1. 1. 2. 2. 2. 
0.13 0.16 0.20 0.23 0.25 0.29 0.14 0.17 0.21 0.24 0.26 0.29 

RE4 700. 1. L. 1. 2. 2. 2. 1. 1. 2. 2. 2. 2. 
0.14 0.17 0.21 0.24 0.27 0.30 0.14 0.18 0.22 0.25 ’0.28 0.31 

’RE5 7001 10 10 20 Z0 20 Zn In 10 20 an 20 Z. 
0.14 0.18 0.22 0.25 0.27 0.31 0.15 0.18 

OCICCCCCCCJIDOCCC.[CCCOCODOCOCCOICOCDOCOICOUCIIOOCOOCOCCOOOCIICCOIOOIC.ECW011000!CEEIJICOCIEICOOCOIOICIOOIOIOCCCOIOCO
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TA8LE’B.15 - UNIT DAHAGE FOR VARIOUS RETURN PERIODS: AGS‘DTDT 

SYSIEMATIC APPROACH FOR FLOOD PLAINiHANAGEHENT 
R I C H E L I E U R I V E R 

ATG S ¥* D T O T 

II00.000080110.00..lI0.0JOOOOClI.ID)”AGE IN 1976 DOLLARS AND ‘S ‘ PERCENTAGE PER UNIT OF PHYSICAK CAPITALQQQQQQQQQQQQ 

MUNICIPA- PHYSICAL 9**‘¥**9¥#*#¥#ANNUAl DISTRIBUIION¥#§¢ttttttttttit------------SEASONAL DISTRIBUTIUN--------------- 
LITY‘ CAPITAL ICOO‘IOOICOCWIOCCCOOOIIIOICIIIICLOIIOIIIOICCJIOObCCIUCCJCCOOOQOFOOOIIOCF00OOQIOOICOIIIIOOICOIOCOO 

_ 

2 2 7 urn N 2 E 2 1 0 0 
(3/ACRE ) ICOCIITCIOOOOIIIOOIOOIOIQCOJOIOIIOO0OOIOCOOOLOOUOIOOIOOOO.IOOOIOOWOOIOIOOCOWCOOUOOOOOIOCOIIOIOOOI 

10 20 .50 .100 200. 500: 10 20 50 100 200~ 500 
» 

' 
. . 

‘ 7 OIII!OIOICUQOJOICIOIII.CCOOOIQCUCQIOIOICOIOOCOODOIOJII[IO‘OCIOO[E093OJOCOCOOTCOCOIOEOJOIOCIOIOIIOOCOCIOIOOOOJQQQQQQQQ 

—a01 700. 190. 236. 277. 305. 329. 357. 202. 241. 204. 312. 336. 366. 
20.35 33.64 39.59 43.59 46.93 51.02 20.90 34.40 40.61 44.61 40.05 452.23 

R02 1700. 193. 236. 272. 299; 322. 349. 190._ 236. 270. 306. 329. 357. 
‘ 27.60 33.74 .30.e5 42.66 46.00 49.01 20.25 33.74 39.70 43.60 47.03 50.93 

28.53 33.92 39.87 53.68 67.12 51.02 29.09 36.76 $1.17 56.80 ¢8.23~ 52.23 

904 700. 204. 242. 204. 311. 335. 363. 200. 247. 291. 319. 343. 371. 
' 29.09 34.57 40.61 »44.42 47.06 51.06 29.74 35.32 41.54 45.54 49.07 52.97 

PE1 700. 165.. 1196. 232. 259. 276. 301. 168. 201. 237. 262. 283. 308. 
' 23x51 27.97 33.09 36.36 39.51 63.03 23.98 28.72 33.92 37.36 60.63’ 56.05 

PE2 700. 160. 193. '234. 262. 286. 316. 162. 198. 241. 269% 2935 324. 
22.86 27.60 33.46 37.36 40.80 99.89 23.16 28.35 3§m39 38.38 01.91 46.28 

‘R53 700. 189. . 226. 267. 293. 316. 363. 193. 232. 273. 301. 326. 35L. 
26.95 32425 38.10 61.82 45.17 59.07 27.60 33.09 39.03 §Z.9%' 46.28 50.19 

954 700. 190. - 236. 
n 

270. 304. 320. 355. ’ 202. 241.‘ 204. 312. 336. 363. 
20.35 33.64 39.60 43.49 46.04 50.65 34.40 40.61 44.52‘ 47.96 51.06 

' 

255 
I 

700. ' 
' 

202. 239. 202. 300. 332. 360. ' 206. 245. 200.’ ’ 316. 340. 368m 
20.01 34.20 .40.24. 44.05 47.49 51.39 29.46 35.04 41.17 _ 45.17_ 40.61 ’ 52.60 

IJOOIIO.IIIIIIOOUOIQ.OIUOCOOIOIOTIOIIICFOOOOOTOfl1OCQTOWJJOOCOCOOIJIOCUCCOJOOCCCCCCOOOIIOIOGUI.CCOJCJIOIIOOOJJIIIOOOJO



Appendix C 
Estimated Damage for a Ten:-Year Flood
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TABLE C61 - ESTIHATEDiOAHAGE FOR A TEN-YEAR FLOOD‘(l£DT: PERHANENT RESIDENTIAL SECTOR 

SYSTEHATIC.APRROACH FOR FLOODJPLADN MANAGEMENT 
R IWCLHKE L I E'U R‘! V E R 

PRS ** IID * T010 YEARS 

OIOOIOIOIOOIIOOIIOIOOIOOVOIIOOO.O.I‘OOOO'CDOOOICC.I,OOO.IOOOI'OCI.OOOOO.O'CCIC79CCIOC'C'C‘I‘lCO°COI1C3C‘CG°IC0.10;.OICOODOOIOJOO.lUI'OOI'OIOO 
PHYSICAL CAPITAL ‘D A H A G’E I N 1 9 7 6 D O L L A R S 

OOI.O.ICO}IOOIIOOOI'OIOOlIC'OI II-O'OIUOlO0'0IO’!IOO0IO:I1OCOIVIOTOIUOZIIOIIOOOCII000IOCCIOIOOIOOOOOIOOOIIIOO.OlOIO 
N 0 N - P H Y S TIC A L 

OOOOOIO0.0,0_OIICOOOOO'C,OIOOOIO'CO'IOOlOOI'OOIOICIOO 
PRIMARY SECONDARY TOTAL 

MUNICIPALITY 
CS/UNIT) NO. OF UNITS PHYSICAL TOTAL 

2757984 R01 25619. 115. »213115. 
0 
104100. 160615. 504961. 

‘R02 11220. 90. 11004. 91601. 34192. 56042. 160099. 

.203 12210. 30. 26033. 34623. 13150. 21110. 63311. 

204 15216. 10. 11312.» 14665. 5519. »0915. 26010. 

051 
A 

15600. 20. 10215. 23604. 0091. 14301. 43606." 

1252 6200. 130. 46200. 59912. 22550. 36404. 110010. 

053 4131.» '52. 16032. 21141. :0244. 13206. 39919. 

254 5900. 10. 4210. 5510. 2093. 3310. 10009. 

_RE5 9150. 20. 13533. 11455. 6630. 10600. 31920. 

ICOCOIOC'.CICOCCCOCOOOC‘IOQI’OUOlO..C.IIIIIOOIO..U.ICDVDCIOI.lDOCOOC.C’OC.COCC.CO..OC..CO'C‘IOIOCOC'CIIOCC..'O.OIICI.C.'CCCOCII'OIO 

621963. 545002. 333011. TOTAL DAMAGE IN‘1976 DOLLARS I 999597. 206131. 
IOIWIOICO.OOOIIIOIOCOOO'OOOOOO5O'OOIOI?O'OOJIOIIIO:OOOOJO.O'ClOOOO‘O0.0IO.IOO:I:O.OIIDOII.I_OO;IIOOOIlIOOOOIOIO7QICOOOl.IOOlOII'OO'OOOCOOIOEOI



TABUE C02 -.ESTIHATED DAMAGE FOR.A TEN-YEAR ¥LOOD (I10): COHHERCIAL AND INDUSFRIAL SECIOR 

S%STEHAIDC;NBPROlGH:FDR FLOOD DLAIN HNNAG£flENT 
R I C H E L I E'Ui R I‘V E 3 

~ CIS **'I®D * I-10 YEARS 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0.0I0 0ju‘0~0p 0‘0 0 0~0:0v0 0 0 0 0 0 0 0:0 0 0 0 0 0,0 0 0:050 0 0 0 0 0 0:0'0'0 0.0 0 0 0 0 0:0 0 0_0 0 0 0 0‘0z0'0-0,0 0 0 0 0,0'0.0 040 0'0 0 0 0 0 0.0 0 0 0 0‘0 0.0.0 0 0 0‘0 0 

A 
PHYSICAL CNPITAL D A H A'G:E I N 1 9‘? 6 D'O L L A R S 

MUNXCIPALITY 0000000000000000a00r0m0u0 00wwJ01000000013000000ma1b0000¢m0000000¢0030000000300000000000000000000000 
4- N;u N - P«H Y s 1.c A 1 5 

(3/UNITY N00 OFVUNITS iPHYSICAL 000000¢mm00010000000000000050000000m00m000000 TUFAL 
PRKHARY SECONDARY TOTAL 

0000'00000000000000000000,00000000000:00000‘00000.0.0'0000000000000000-0~0;00000000:0'00000,00o00:0:00000000:000o0o0000.0000000.0,000000 

R01 40000. 3. 4051. 
' 

12390. 1004. 0050. 17505. 

R02 40000. 2. 2025. 1709. 4532. 4130. 10910. 

no: 40000. 4. 5449. 10771. 9407. 9020. 23091. 
.. 

3 204 40000. 1. 1397. 4410. 2412. 2392. 0241. 

RE1 40000. 0. 0. 0. o. 0. 0. 

RE2 40000. 0. 0. 0. 0. 
A 

0. 0. 

was 40000. 
A 

3. 3033. 11029. 0010. 5029. .155e0. 

054 40000. 1. 1352. 4130. 2335. 2211. 
, 

5035. 

R55 40000. 
I 

3. 4140. 12950. 1150. A0990. 10313. 

OOIO.IWOIOOOOOOIOOOOOIIOOI,OOOOOO.OIO0ODDO.¢:O.IOOUO0,O:UO1OOO1IIOIQQII‘OCOOIOOO,I'C'O1OOOOVOO‘OCUBIC-OOCDOLIOVOIOO‘O>COIIOI'OO.IO:COIOC:O..:OLOIO 

TOTAL DAMAGE IN 1976 DOLLARS I 22859. — 69A6#o 39§65o 37261; 98120- 

00000000000td000mJJp0q0m0mm00dm0w0000m0m0000000000001000000000300000000t0000000000m000000000mw0m31000004mo0b0000ww000



IABLE C43 -;ESY!HATED'DlflAGE FOR A TEN-YEAR FLOOD (110): AGRICULTURAL SECTOR 

svsmsnAt1c.»rPn0AcH FDR FLOOD PLALN HANIGEHENT 
R 110 H 2.1 I e‘u 2.1 via 0 

A65 wt 110 4 1-10 veaas 

PHYSICAL cAp1tA1 0 A n11 012 1 N 1 9 7 o 0 0 L 1 A 2 s 
MUNIcIPAL‘TY OJIOOIOOIOOOUOOOOIOIOOCOO ‘IIOOIUOOOOIIOOOOCO1‘DOOlOOIIOCIOOOCCOOIOOCIIOIOOOIIIIOOOUOIOOOIIOIOIOCIDO 

. . 

_ 

4n 0 Nr- P H v s 1 c A L 
(‘/‘CR5’ N03 OF ACRES PHYSICAE OI.f.flU.OCIUCOJJOCOCCCOCOJIOOOIUCIIIUQIOCOIII IOTAL 

PRIMARY sscouoaav IOTAL 
IIOIOOO.COCO‘.COOEOJOIQI‘C‘CCCDC‘OOQOIIOOCCJOOOOCCOOOI0.000IOOCI300.00.COOCOO.CUOCOOQOOOOUCCCCCDOOOOCIOOIIOOCCIOQOOIO 

201 700. 105. 26208. 3300. 4975. 104. 20334. 

R02 ‘700. 105. 25678. 3204. 4020. 101. 20200. 

nos 700. 334. 222000. 27934. 42199. aao. 176593. 

|'-" _ 

;; R04 700. 529. 135920. 17100.. 25903.. 540. 107717. 

RE1 700. 0. 0. 0. 
_ 

0. o. 0. 

RE2 700. 0. o. 9 0. 0. 0. 0. 

R63‘ 700. 407. 110400. . 14472. 21794. 454. . 91870. 

224 ' 700. 4:34‘ :3o30z1. ’45§71. 50709. 
A 

1432. 207709. 

was 700. 100. 25402. 3211. » 4044. 101. 20167. 

OCIOIOIOOOIOOOICOOCCCOOCCIUOUOOIOOICIOIIFUCIOCOOOIOOOIbOOO0.0CIQ.C$.IIIOCOO01‘OOOOCOIOCCOOCOOOOOQICOIIIIJIIIUUCWOIIOC 
TOTlL=DAHAGE IN 1976 DO1L#RS I 915514. 11#910o 173Z5§f 36110 7Z51§7o 

IOIOOOUIIOQCJIOJOIOIIOOOOIIOOOIIOIOOIOOOOOOOOOOIOQOOOOOOIOOIOOOOIUUOCIOCCIOIUIICOOIIIIOOOOIOOCIIIOOOIIIOOOIIIQCOUIIII
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