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ABSTRACT

A decision support system which can assist in the process of generating and

evaluating alternative flood control measures for flood management is developed. The

system incorporates the technologies of geographic information systems and expert

systems, both of which have achieved recent successful application in several aspects of

rvatershed management, and integrates these tools with the use of a relational database

management soffware and optimization to facilitate the generation and selection of suitable

flood control solutions. The system takes advantage of the increases in computing power

currently available to the everyday user to enhance the intercommunication between each

module for improved system design and operation.

A case study of the application of the decision support system to a flood

management problem located near the City of Winnipeg flood control system is

subsequently carried out. Several suitable flood control altematives are genelated for the

area, and a methodology by which these solutions may be evaluated is put forward. Final

results confirm the usefulness of developing such integrated tools to address the flood

management problem and indicate that such tools can aid in the comprehension, analysis,

generation and evaluation processes.
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DEVELOPMENT OF A DECISION SUPPORT SYSTEM

FOR FLOOD CONTROL MANAGEMENT

1.

1.1

INTRODUCTION.

STATEMENT OF THE PROBLEM.

The issue of making optimal planning and policy decisions, in water resources

planning and management in general and flood-control management in particular, is one

that has received continued attention in recent years. This is in light of the fact that despite

millions of dollars being spent each year on both sm¡ctural and non-structural measures of

flood-control, flooding continues to present a hazard in many parts of the world, leading to

considerable damage to property and in some cases loss of life.

One main focus in attempts to deal with this problem has been to ffy to obtain a

better and more comprehensive understanding of the cause-effect components of the

siruation being examined. Many of the problems encountered in water resources, horvever,

a¡e often ill-stn:ctured and the very nature of such problems often calls for some form of

subjective evaluation or informed judgement, (Fedra and Loucks, 1985), in addition to the

use of formal numerical models for their ¡esolution. Problems also a¡ise out of the fact that

different groups of affected persons may not agree on what should be the best solution to a

prevailing water resources problem.

Several approaches have been made to resolve these particulã issues. These include

interactively involving users or affected pffties in the decision making process, (Loucks et

al. 1985), (Johnson, 1990) and the use of an expert systems approach, (Savic and

Simonovic, 1991), (Amold and Sammons, 1988) to bring a high level of expert opinion

into the decision-making process.



Recent trends in the solution of such problems have been to aggregate several

models, both procedural and heuristic, into integrated software tools which are able to

address the relevant parts of the problem domain. Such colìections of interactively linked

models designed for impact exploration, synthesis and evaluation have been te¡med

decision support systems, (Sprague and Carlson, 1982).

Decision support systems (DSS) have been used in recent water resources studies,

(Savic and Simonovic, 1991), (Johnson, 1990), to enhance the interactive modelling

process and to aid in providing a more comprehensive understanding of water resources

problems.

The development of such integrated softwa¡e tools has been enhanced in recent

years by the increase in the amount of computer power available to the everyday user, and

also from the emergence of several technologies such as geographic information systems

(GIS) and expen systems (ES) which have been successfully applied to various aspects of

water resources, (Muzik, 1988), (Wolfe and Neale, 1988), (Silfer et al, 1987).

At the ninth session of the International Hydrological Programme (IHP) Council

held in Paris in 1990, the council, as pan of the fourth phase of the IIIP (1990-1995), set

up a sub-programme to study experiences with modern water resources planning and

management methods taking into account risk factors. The objectives of the sub-

programme are to demonsÍate the usefulness of the application of computer based decision

support systems in water resources planning and management and to create within water

resources planners and managers, decision makers as well as within the public the need to

use interactive decision making and to incorporate risk facto¡s.

The focus of this study is to utilize the advancements in technology in the field of

water resources to develop a computer based decision suppoft system which can effectively

examine the issues involved in flood management, thus leading to more effective solutions

to the flooding problem. This system will combine tìe use of optimization techniques and

other numerical models with GIS, to facilitate spatial decision support, ES and engineering



expertise to facilitate intelligent decision support in the problem domain, and the use of

relational database management software to facilitate model data input and data

management.

Several imponant issues need to be add¡essed in the development of such systems

including the effective integration of GIS, ES and numerical modelling in a decision

support ftamework, and the inter-communication befween these modules.

Another important issue is that of faciltaring data input to numerical models. The

use of formal flood plain damage models such as the US Army Corps of Engineeers, Flood

Damage Analysis package has sometimes been hindered by the daunting task of data

acquisition and formatting, and in some instances inadequate time to learn the proper use of

such models results in inaccurate results being obtained. Efforts must to be made in the

development of any interactive system to provide maximum assistance in data input and

formaning to enhance the systems use, and the system to be developed addresses this

issue.

The purpose of this resea¡ch is therefore to develop a decision support system that

will assist in providing solutions to flood management problems. The system is intended

to adùess all of the issues described above and to provide the user rvith comprehensive

support in the problem domain. Focus will be given to the role of geographic information

systems towards decision-making in the domain of flood management, both as a tool for

analysis and also in the role of providing graphical display of spatial data and evaluation of

gene¡ated altematives.

Subsequent to the development of the system, a case study of a flood management

problem situation, located upstream of the City of Winnipeg flood control system rvill be

performed to investigate the utility of using such a DSS, and recommendations will be

made on the integration of this work into the decision-making process.



t.2 FLOOD CONTROL PLANNING.

In order to effectively add¡ess the flood control planning p¡ocess (Figure 1), there

is a need to be able to make optimal decisions at every point in the process. The

engineering component of the process begins with the definition of engineering objectives

from addressing the social needs and objectives given, through the design of the selected

flood control measure or measures, to the management of the operational system. The

generation and evaluation of alternative flood control measures is of prime concem in this

area. It is often in this area where decisions based on poor judgement or the failure to

examine all possible flood control solutions to a problem may lead to failure of the

generated solution. The use of incorrect data as well as ineff,rcient data management during

the modelling process may also lead to inadequate or overdesigned solutions.

It is in these particulff a¡eas of the planning process i.e. from the process of

specifying engineering objectives to the selection of an appropriate flood control plan,

where this research work will focus on designing an interactive computer based decision

support system to help formulate and evaluate optimal solutions towards aiding in the

planning process.

Utilizing a decision support system in this a¡ea will bring into the analytical process

efficient data handling and management techniques coupled with the efficient use of models

both analytical and heuristic as well as a systematic, hiera¡chical and modula¡ approach to

the process of alternative evaluation, which would lead to better proposals being made. It

is the intention in this resea¡ch work to develop such a system which would provide these

capabilities, resulting in optimal flood control planning and management solutions.
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1.3 SCOPE OF THE WORK.

This investigation focuses on the development of a decision support system which

can assist in the generating and evaluation of alternative solutions to flood management

problems, and its application to a case study flood control sysrem. The integration of the

available technologies such as geographic information sysremsr expert systems and

optimization models into a single DSS is fairly new to the field of warer resou¡ces, and it is

aimed at showing the usefulness and benefits that can be derived from utilizing this

approach in the domain of flood management.

Chapter 2 gives a literature ¡eview of resea¡ch related to the topic. A ¡eview of

¡ecent efforts being made in the field of water resoùrces whe¡e decision support systems

have been applied to aid in watershed management is carried out. Also, a review of recent

applications in the field of geographic information systems which are emerging as an

effective technology for application to many flood management problems is presented.

Chapter 3 presents the va¡ious aspects and components involved in the development

of the decision support system for flood management. This section gives a detailed

description of each of the components of the DSS and discusses the inter-communication

between each module. Also addressed are the hardware requirements and design structure

of the DSS.

Chapter 4 discusses the flood damage analysis procedure and describes how the

decision support system developed can be used to assist in the analysis procedure and

provide a greater understanding of the problem domain to the user. Chapter 5 deals with

the application of the methodology derived to a case study. The chapter deals with the use

of the DSS in a flood management situation located upsueam of the City of Winnipeg flood

control structure, and investigates the usefulness ofthe DSS in this parricular locality,

Chapter 6 is a discussion of the results obtained from the analyses performed in rhe

previous chapter. Chapter 7 presents conclusions and recommendations.



., I-,ITERATURE REVIEW.

Current and on-going efforts in the field of water resources planning and

management to incorporate the available technologies into tools for decision support are

¡eviewed in this chapter. A review of recenr applications in the field of geographic

information systems as they have been successfully applied to various aspects of water

resources policy and planning is also carried out, since these systems form a major

component of the system to be developed in this research. The potential of GIS for being

incorporated into integrated decision supporting tools is also examined.

z.l DECISTON SUPPORT SYSTEMS IN WATER

RESOURCES.

Decision support systems have ¡eceived much attention in the field of watershed

management because of thei¡ usefulness in assisting planners and engineers in examining

the various issues involved in the water resources planning process, especially their

capability for providing support for the generation a¡d evaluation of altemative solutions to

such problems. One major challenge in designing such comprehensive modelling systems

for policy-making and planning has been to build these models in such a way as to make

them easily useable, and to make thei¡ output more useful to the prospective users, (Fedra

and Loucks, 1985).

Some important and necessary characteristics of DSS have been identified by

Simonovic (1990). These are:

- to assist managers in the decision-making process for un-snuctured and semi-

structured problems;

- to support and enhance managerial judgment;

- to improve the effectiveness of the decision-maker;



- to combine the use ofmodels or any analytical techniques with data access

funcdons;

- to emphasize flexibiliry and adapdbility with respect to respect changes in the

context of the decision process; and

- to focus on features which make the DSS interactive.

These cha¡acteristics also serve as guidelines for potential developers of such

systems in to develop complete and user-friendly systems that will provide maximum

assistance to the user.

A review of some recent applications of DSS in water resources planning and

management as well as a discussion of some of the issues involved in the task are herein

presented.

2.t.1 DSS IN PLANNING AND MANAGEMENT,

There a¡e culrently severâl applications of the development of decision support

systems in this a¡ea. Kunreuther and Miller (1985) developed an interactive micro-

analytical modelling system to support policy analysis in dealing with flood hazards. The

authors put forward a framework for policy analysis under five headings: 1) Problem

Formulation - where the problem is clearly defined so that the policy analyst can suucture a

set of questions; 2) Interested Panies and Relevant Information - where the views of a set

of inte¡ested parties are identified; 3) Developing Altemate Scena¡ios - where different

characteristics of homeowners and different flooding situations are generated; 4)

Evaluation of Strategies - where the impact of strategies on various stakeholders are

examined; and 5) læaming over time - where the system may be altered to incorporate new

information and analytical procedures. The central component of the decision suppon



system is an interactive modelling shell wrinen in Fortran77 code which is able to interface

with several models and guides the user towards generating solutions.

The potential impacts of increased computer power with respect to the development

of interactive computer models for water resources planning and policy modelling is

discussed by Fedra and Loucks (1985). The authors advocate the combinarion of va¡ious

tools under a common organizational framework such as is typified by workstation

a¡chitectu¡e, with multiple windowing displays for multi-tasking. They also sness a highly

modula¡ approach to integrated tool design which must also be hierarchically organized and

allow for compatible databases, to ensure smooth transition from one mode to another or

f¡om one level of detail to another.

Several reviews have been made on the use of decision support systems in water

resource management. Johnson (i986) reviews a number of examples including micro-

computer based applications, flash-flood waming and regional water-monitoring systems,

water suppiy and reservoir operating decision support systems, and the use of computer-

aided planning (CAP) and expert systems to provide support for decison-making.

Continued development in this direction is envisaged by the author, with anticipated

increases in microcomputer technologies and decreasing costs of hardware and software

equipment.

Johnson (1990) presents an interactive modelling system which aids in the reservoir

operating policy modelling process for multi-purpose resewoir operations planning. The

computer-aided planning system integrates state-of-the-art simulation and optimization

techniques, colour graphics displays and interactive computing interfaces into a coherent

system that has user-friendly interfaces to assist the decision-maker in solving domain

specific problems. The software developed was embedded in a comprehensive public

involvement p¡ogram to enable concerned parties to learn about the reservoir system's

limitations and opponunities in order to creâte greater participation in the operations

planning process,



In an effon to streamline database design for decision support, Armstrong and

Densham (1990) outline a methodology for conceptual database design for spatial decision

support systems which exploits the features of a data model embedded in relational

database management softwa¡e (RDBMS). They outline a strategy which can be employed

to construct functionally integrated spatial databases which can support locational analysis

and spatial decision-making in watershed management.

Davis et al. (1991) developed a DSS which estimares the effects of potential land-

use and land management policies on water quality and the cost of implementing these

policies. The DSS consists of 3 modules: a policy module to generare a suite of policies; a

catchment module to estimate the effects of these policies; and a query module to query the

estimates obtained f¡om the catchment module. ln this particular system, policies, which in

some cases may be expressed in general terns, were translated into specif,ic instn:ctions in

order to enable computer analysis and operational interpretation. The consultation for the

model developed, although utilizing a rule-based approach, did not contain any expertise

incorporated into it, but this aspect of development was proposed in future modifications.

Turcotte and Mtundu (1992) describe a computer-based decision support system

which determines water discharges through a network of conrrol structures and canals.

The system comprises of a relational database that provides stn¡cture information to a

FORTRAN program using structured query language (SQL) statements embedded in the

program. They use a RDBMS to separate structure information from discharge

information, which ¡educes the size of the computational programs and facilitates file

maintenance and also makes information on discharge control smtctures readily available

fo¡ other initiatives.

The development of decision support systems for watershed management are ever

increasing and their utility towards soiving both procedural and descriptive problems is

being examined in many aspects of water resources.

10



2.1.2 EXPERT SYSTEMS WITHIN DSS.

The use of expen system technology in the field of water resources planning has

been widely documented in several sou¡ces. Knowledge-based or expert systems provide

a means by which expertise, rules of thumb and engineering judgement can be incorporated

into decision support systems to make available a high level of know-how which can be

used to add¡ess semi- or unstructured parts of water resources problem domains.

A summa¡y of some expert systems currently being developed to provide support

for decision-making in wate¡ resources engineering is detailed in Simonovic and Savic

(1990). The authors also elaborate on a pilot expert system REZES fo¡ aiding in ¡eservoir

management and operations. The inherent subjective nature of most water resources

problem require the use of an approach whereby engineering expertise can be incoporated

into the consultation to assist in generating optimal solutions to i1l-suucrured p¡oblems.

Savic and Simonovic (1991), develop an interactive reservoir modelling system

using the intelligent decision support system approach. An expert systems approach is

combined with formal reservoir models, experience in their use, heuristics and rules-of-

thumb to produce and "intelligent" DSS. This tool is developed for the purpose of aiding

users in selecting and using the best formal model or models for single multi-purpose

reservoir analysis.

2.2 USE OF GEOGRAPHIC INFORMATION SYSTEMS.

The analysis and resolution of water resources problems in recent years has been

enhanced by the simulation of the effects of proposed solutions on a geographic database

using the technology of geographic information systems (GIS). A CIS has been described

as " a powerful set of tools for collecting, storing, retrieving at will, transforming, and

11



displaying spatial data from the real world for a particular set of purposes ", (Burrough,

1987). The application of GIS technology in hydrologic and watershed studies has been

demonstrated in many recent studies, (see eg., White, 1989, Muzik, 1988, Silfer er al.,

1987).

GIS's have been used to perform several tasks under the watershed management

domain such as basin and sub-watershed delineation and hydrologic modelling. They

have also been used to aid in the visual comprehension of the results of spatial analysis.

These successful applications of GIS technology in water resources have led to the

investigation of possible integration of this technology into the decision support system

framework to enhance the decision-making process. The inclusion of a module capable of

transforming and analyzing geographic daø brings an effective spatial analyzing component

into DSS, and has led to such systems which rely heavily on this aspect being termed

spatial decision support systems (SDSS).

Spatial decision support systems in general are designed to focus on limited

problem domains, making use of a variety of data types, and they bringing numerical

modelling capabilities to bear on the problem and rely on graphical displays to convey

visual comprehension to the decision-maker, (Armsrrong and Densham, i990). They have

also been defined as computer-based analytical systems for addressing management

problems with domains having a spatial dimension, (Buehler and Wright, 1991a).

The information contained in a GIS represents a model of the real world situation

and thus, providing the data is accurate, simulations of crisis events can be modelled on a

geographic database and the effects of these catastrophes can be visualized and examined.

The¡e are several areas where resea¡ch on utilizing GIS technology to provide decision

support is being carried out, and some recent applications are discussed.

12



2.2.1 WATERSHED MANAGEMENT USING GIS.

GIS have been applied to hydrologic modelling in many recent studies. Muzik

(1988) presents an approach whereby a hydrologic model which uses the Soil

Conservation Service (SCS) rainfall-runoff procedure interfaces with a GIS to provide

inforrnation on physical land cha¡acteristics for input into the model.

Oslin et al, 1988, outlines a system being developed named STREAMS (Soil,

Transport, Rainfall, Erosion and Mapping System) which is designed to facilitate data

transfer between computer systems for the purpose of flood plain and watershed

management. This system integrates remote sensing and CIS with cunent hydrology,

hydraulic, erosion and sediment transport models to enhance modelling processes in the

watershed.

A comparison of runoff volume estimation techniques firstly, by using an SCS

model and providing data input manually, and with a method relying solely on GIS, is

elaborated on in Stuebe and Johnson, (1988). The authors perform trials on six

watersheds of varying natu¡e and results obtained indicate that the use of GIS in this task

represents a viable altemative to traditional modelling techniques, and the authors suggest

that the GIS method may prove advantageous in large and complex study areas where large

amounts of data need to be manipulated.

Hodge et al, (1988), discusses effo¡ts to link a distributed physical process model

ARMSED to the geo$aphic information system GRASS. This model has since become

pa¡t of the GRASS GIS program and obtains input from the user as well as a basin

delineation p¡ogram also incorporated in GRASS named WATERSHED. The

WATERSHED program utilizes an elevation map layer and uses it to derive watershed and

sub-basin boundaries.

Vieux et al, (1988) describe a method fo¡ finite element analysis of hydrologic

response areas using GIS. Thei¡ method, based on the Green and Ampt equafions, utilizes

13



a Triangular Irregular Netwo¡k (TIN) generated by the GIS software ARC NFO to

determine the hydrologic response for va¡ious nodes i¡ the watershed.

'rr', MODEL DATA INPUT USING GIS.

The use of a geographic database to provide input data to hydrologic models has

been highlighted in several studies. Cline et al. (1989) use a commercially available

computer-aided drafting package, AutoCAD, to input geographic data into a Watershed

Information System developed to assist users in the prepa¡ation of input files for a

hydrologic simulation model HEC-1. Wolfe and Neale (1988) use the GIS GRASS to

generate input data for a distributed parameter hydrologic model (FESHM). By using the

GIS in data development they cut down on the processing time for this typically time-

consuming task. Oloufa et al, 1992, describe a method for extending a GIS to represent

boreholes as complex three-dimensional objects. They also elaborate on a method for

storing such data in a relational database.

Sasowsky and Ga¡dner (1991) use a grid-cell GIS to parameterize a quasi-

physically based surface runoff model named SPUR (Simulation of Production and

Utilization of Rangelands), in which a watershed is configured as a set of stream segmenrs

and contributing a¡eas. GIS programs were w¡itten for the processing of digital elevation

data, digitaÌ soil maps and also to create tabular files for soil characteristics to faciÌitate the

task.

The growing number of applications of GIS in the water resources planning and

management field are an indication of the growing wide acceptance of these models, and

the work undertaken in this resea¡ch project investigates their utility in a decision support

system framework.
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3. DECISION SUPPORT SYSTEM
COMPONENTS.

As a prelude to the development of the DSS, focus needs to be made on several

issues pertinent to the proposed system including the most appropriate architectural

structure to use as well and the issue of providing a suitable operafing system platform and

environment in which the ÐSS will function. These issues, including a description of the

va¡ious featu¡es of the integrated tool developed, are discussed in this chapter.

ARCHITECTURE OF THE DSS.

Traditionally, the architecture of decision support systems has been classified into

three main approaches, (Simonovic, 1990). This classification evolved to give potential

designers a conceptual tool for constn¡cting a DSS; to support the evaluation and

cha¡acterization ofpossible systems; and to present a practical and constructive definition of

a DSS, (Simonovic, 1990). These approaches include the functional approach which is

decision process oriented; a tool based architecture; and a third approach, which is a

combination of the first two, and utilizes beneficial features from both. This latter

approach, known as the combined a¡chitecture approach, is modula¡ and adaptive, and is

panicularly suited for integrating several components of the system which may be accessed

randomly.

Several practical applications of this modular approach have been proposed by

Johnson (1990) and Amold and Sammons (1988). An adaptation of the modular

approach was derived for the development of the decision support system. This design

was selected in o¡der to facilitate communication between the various components of the

system and also to be able to incorporate the respective technologies into one tool for

3.1
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addressing diffe¡ent pafis of the flood management problem. This design is illustrated in

Figure 2.

In general, a DSS is made up of 3 major components, the system manager,

database module and the modelbase module. The system manager which is centrally

located, is the component which integrates the other paÍs of the system and also cont¡ols

all the processes in the system. The database component is the module that handles data

storage manipuladon and extraction from the system. It also provides faciliries for updaring

and modifying data used by the system. The modelbase componenr of the system is the

part which contains the different process models perrinent to the problem domain. This

module provides the facilities for integration between models and also provides the facilities

for linking these models with the database. The inclusion of a display and graphics

subsystem into the DSS enhances the input of data into the models, provides an improved

user interface for the user, and aids in the visual comprehension of spatial informarion used

by the model. A more detailed description ofeach subsystem is discussed in sections 3,3

to 3;7 .
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EXPERT SYSTEM SHELL

FIGURE 2. PROPOSED ARCHITECTURAL DESIGN OF DSS UTILIZING

A MODI.]LAR APPROACH.
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3.2. DSS OPERATING PLATFORM.

With cheaper and more computer power becoming available to potential developers

of integ¡ated systems the task of model development is facilitated by quicker dara access

and quicker inte¡-communication between different module components running on the

same plaform. This situation also enhances the creation of interfaces engineered to support

traditional planning and decision-making procedures, which will in turn lead to gleater

comprehension and a greater acceptance of models developed. In the development of

decision support systems it is imponant to select an operaring plarform which provides the

capability of communication between each module of the system and also allows for easy

Iinkage between these components. A workstation platform provides these capabilities as

well as providing the envi¡onment for the performance of multiple tasking.

A Sun Microsystems Sparc 1+ workstation with a 340M8 ha¡d disk and 28MB of

RAM memory was selected as the plaform for development of the DSS. This computer is

also connected to a 150M8 cartridge tape drive and an Epson LX-810 line printer for data

entry and printing output respectively.

There a¡e several benefits to be derived from developing decision support sysrems

on a workstation platform. Firstly, the computing power that is a general cha¡acteristic of

these plaforms enables fast and efficient systems to be developed, They also enable mulri-

tasking to be performed with ease and several applications may be run simultaneously.

Also, the multiple windowing display programs often coupled with these applications,

allow seve¡al screens to be displayed at once, thus the operator can interact with different

componenls of the model to the detail required. This also aids in comprehension of model

output both analytically and visually ( in this particular case, the Openwindows windowing

system is used ). Workstation display screens can, in general display a larger work area

than personal compute¡s due to their larger screens, For these reasons the workstation

platform was selected as the most suitable one for DSS development.
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3.3 THE DSS SHELL/ SYSTEM MANAGER.

The central feature of a DSS is the system manager which connols the various parts

of the system. This centrally located component (or shell) co-ordinates the individual tasks

carried out by the respective parts of the system and ìs directly linked to the user interface

of the system which is the link between the user and the system The tasks that must be

performed by the system manager are to control purposes and integrate other parts of the

system so it must be centrally located, (Simonovic, 1990).

There a¡e several issues to be considered in selecting or designing this component

including the type of communication required between each module, the speed of

communication and the time-frame of development. The shell used in rhe DSS

development is discussed below.

3.3. I NEXPERT OBJECT.

The module selected in this resea¡ch to control the various parts of the system is a

knowledge-based expert system shell named NEXPERT OBJECT, herein referred to as

NEXPERT. This shell was chosen for its ability to be readily integrated, on rhe Sun

workstation, with the other components of the system such as a relational database

management system and the GIS, which run on the same pladorm.

Selecting a shell which can conìmunicate with other software that is to be integrated

into the system also has the advantage of cutting down on the time taken to develop a

prototype for trials by the developer and by prospective clients. Using an already

manufactu¡ed shell frees the developer from the tedious task of writing masses of compurer

code to link each module to the rest.

NEXPERT conuins a graphical user interface that is the link between the user and

the system. It is also directly linked to the explanation subsystem ofthe ES which has the

capability of providing the user with help screens. This explanation subsystem can also be
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customized by the developer to provide query-specific help instructions which provide help

related to the specifrc task being performed. It is also possible with this pa-rticular shell to

link to a more comprehensive or more graphical interface which is tailored to a particular

institution's needs.

The inference engine ofthe ES shell is the actual component which determines the

search sEategy ard order that is utilized to develop the required knowledge. This engine

triggers in tum, the knowledge bases that need to be fired and in the correct orde¡. Both

forward chaining a¡d backwa¡d chaining search snategies are available in the shell.

Several knowledge bases may be contained in the system. Each of these

knowledge bases has access directly to the other modules of the DSS, e.g, the database

management subsystem, the modelbase subsystem and the display/graphics subsystem, as

shown in Figure 2. NEXPERT incorporates an applications development environment

which facilitates the process of entering rules to the knowledge base. Rules may be entered

through a rule editor ( see Figure 3.) in the standard IF, THEN format.

3.4 MODELBASE COMPONENT.

The modelbase subsystem of the DSS contains analytical models which are

accessed by the knowledge bases to perform procedural and analytical tasks. For rhis

particulff problem domain, i.e. flood management, this module is comprised of software

for carrying out a structure inventory of damage (SID), computing the estimated annual

damage or flood damage from a panicular flood event (EAD), and also the geographic

information system (GRASS). These programs are discussed below.

3.4-t GRASS

The Geographic Resource Analysis Support System, (GRASS), GIS, was

developed by the US Army Corps of Engineers and is a public domain geographic
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information system. It is an integrated set of programs designed to provide digitizing,

image processing, map production and geographical information system capabilities to

users. GRASS provides many routines which assist in analyzing watersheds and also

provides capabilities to display geographic data on screen which can assisr the user in the

visual comprehension of queries performed.

3.4.2 SID.

The Structure Inventory of Damage (SID) analysis program is part of the Flood

Damage Analysis Package developed by the US Army Corps of Engineers. It is designed

to assist in the systematic and expeditious collection, management, and processing of data

related to stmctures subject to flooding. Its prime function is to generate elevation-damage

functions by damage categories and reaches. SID can also perform an analysis of some

non-structural flood control measures and generate a modified elevation-damage curve

based on user input specified. Non-structural measures which SID is capable of analyzing

are Flood proofing, structure relocation and raise- to- target - elevation analysis.

3.4.3 EAD.

The Expected Annual Damage (EAD) analysis program was developed to assist in

economic evaluation of flood plain management plans, US Army Corps of Engineers

( 1989). The program computes inundation ¡eduction benefits. Damage may be computed

in three modes:

Damage for a specific event;

Expected annual damage for a specific year or years; arld

Equivalent annual flood damage given a particular

discount ¡ate and period of analysis.

ln calculating damage for a specific event several damage categories such as urban,

agdcultural and residential may be analyzed at the same time and these a¡e totalled for each
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plan and each reach selected. Expected annual damage may also be computed for

conditions existing in the past or expected in the future. Equivalent annual damage can be

computed when a discount rate and a period of analysis is specified. EAD also has the

capability to analyze several structu¡al flood control measures.

3.5 DATABASE SUBSYSTEM.

The database subsystem is the part ofthe system which facilitates data storage and

manipulation. It is imponant, in the development of large applications programs which

utilize large amounts of data and have several progtams communicating with each other, to

have a module which has the capability of providing efficient data storage, handling and

manpulation services to each program and the system as a whole. A relational database

manager named ORACLE was selected for the task and some of its features are discussed

below.

3.5.1 ORACLE.

The database management system contains a relational database management

system, ORACLE, which can be used for making queries of the domain specific

information as rvell as being used for intermediary or final report generation. NEXPERT is

fully integrated with ORACLE through a database bridge whereby instructions made

through the "actions" block of the knowledge base rules in Structured Query Language

(SQL) are readily interpreted by ORACLE and the required information is generated. Data

from other components of the system can be loaded into ORACLE and manipulated by

SQL commands and can be output in the required format for use by peftinent models.



3.6 DISPLAY/ GRAPHICS SUBSYSTEM

One of the major roles of the display/graphics subsystem is to improve the

comprehension of the spatial and time-dependent informarion utilized by the system by

providing visual diagrams of the results of analyses performed. This feature aids the

decision-make¡ in comprehending the results of va¡ious alternatives thus leading to a more

optimal choice of measure.

The user interface developed for the system to be designed plays a key role in the

effective interpretation of commands from the user and results from the system. In this

particular case, NEXPERT, which is to control the consultation session, contains a built-in

use¡ interface called the session controller which provides an adequate user-machine

communication interface for most general purposes. NEXPERT, however, has the

capability of enabling a more graphical user-interface to be built on top of the application

and this interface may be customized to a particular firm's or agency's needs.

5. t EXPERT SYSTEM COMPONENT.

The use of an expert system shell as the central pan of the system provides an easy

way whereby heuristics and rules-of-thumb can be incorporated into the consultation in

a¡eas where engineering expertise may benefit the user. Any rule or hypothesis in the

knowledge base can be expanded to include subjectivity and heuristics into the consultarion

by specifying the knowledge base in the required rule.

The use of NEXPERT as the system manager also allows the DSS ro take

advantage of many of the features that are characteristic of such expert system shells and

use these to an advantage. One such feature is the consultaúon trace option normally found
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in most ES shells. This allows the user to monitor the reasoning which led to the arrival of

a pafiicular conclusion or solution.

Expen systems provide a way in which a high level of engineering expertise can be

provided in a limited domain to the user of the system in order to assist him in providing

solutions to the specific ¡ask on hand. They can also be used to enrich the experience of the

use¡ towa¡ds the particular task, thus enabling him to make more informed decisions to ill-

structured problems. Such knowledge bases containing heuristics and rules-of-thumb may

be accessed by the user as required.

DECISION SUPPORT SYSTEM
OPERATION.

FLOOD DAMAGE ANALYSIS PROCEDURE.

The DSS provides support for carrying out the flood damage analysis procedure as

shown in Figure 4. The first pan of the procedure comprises the survey of all information

related to the flood plain, including locational and structural data. This data is then

transferred into the SID program which performs a structure inventory of damage and

outputs the aggregated elevation-damage curves for each reach. This data is then

transfered to a data storage file for use by the EAD pro$am which computes the flood

damage or expected annual damage based on specified flooding parameters. Other

.tnr"qurn"", of each flood such as the total a¡ea flooded and also the cost of implementing

4.

4.1
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flood proofing measures is computed and made available for alternative comparison. The

detailed procedure for the analysis is elaborated on below.

4,2 GENERATING INITIAL COMMUNITY STATUS.

The process of generating the initial status of the communities in the study area is

discussed under three main headings; conducting a field survey of the region, geographic

data input using the GIS and updating the relational dat¿base.
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4.2.1 FIELD SURVEY

A field survey is normally carried out to obtain detailed information on the

characteristics of the study area if detailed information on the basin is not available.

Information such as the type, cost and ownership of buildings in the region must be

obtained to be able to accurately represent the amount of damages that will be incurred by

each homeowner as well as the region as a whole. However, where adequate data on these

cha¡actersitics have already been documented, or where cenain cha¡acteristics such as

house prices do not vary much within the basin, average values may be used throughout

the basin for preliminary analysis purposes. A detailed field survey should however be

made before any major flood control plan is implemented. Data from this process is

entered into the study a¡ea database as will be described in the following sections.

4.2.2 GEOGRAPHIC DATA INPUT

A major aspect in the use of any simulation model is the task of acquiring the

necessa-ry data fo¡ its effective use. As well, this data usually has to be formatted

specif,ically (pre-processed) before it can be used in the model. Advances in the field of

remote sensing technology have, over the years, made geographic data more readily

available as input to geographic information systems and hydrologic models, and

these procedures have been documented in several studies, as detailed in Chapter 2.

Geographical featu¡es such as land-use, land cover and elevation data can be extracted from

areal photos or satellite pictures more easily than before, and this has led to such

information being cheaper and easie¡ to obtain. Such data often may be obtained from

provincial or federal departments, or it may be input from ordinary paper maps by the use

of a scanner or a digitizer. Data which is input by the user by scanning or digitizing

normally has to be checked for accuracy and errors due to equipment.

Data obtained from provincial or federal agencies may consist of several map

layers, each containing featu¡es which contribute towards the complete description of the
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study a-rea. A typical cross-section of map layers which make up a study area a¡e as listed

below:

Layer A Designated Area

Layer B Building

Layer C Structu¡e

Layer D Roadway/Railway

Layer E Utility

Layer G Hydrography

Layer H Hypsography

Layer J Land Cover

Layer K Textual

e.g., golf courses, airstrips;

e.g., fire stations, houses, museums;

e.g., smoke stacks, storage tanks;

e.g., paved roads, bridges, rail lines;

e.g., electrical poles, water towers;

e.g., bogs, ditches, dykes, marshes, ponds;

e.g., contours, water levels;

e.g., orchards, trees;

e.g., road names, cities, towns, villages.

Table 1. Typical map layers contained in a geographical map,

GRASS facilitates the task of data input and management by providing the routines

for analyzing and extracting data from these map layers to assist in generating a complete

inventory of the flood plain, i.e., assisting in the field survey process. Data such as

topographical data and structural data are input into the GIS and manipulated to produce

output files, which can in tum be loaded ínto the relational database manager, ORACLE.

This is part ofthe process of building up the community inventory database.

4.2.3 UPDATING THE RELATION^A.L DATABASE

The relatonal database contains fields which represent the paramerers which the

structure inventory analysis model (SID) requires for the program to run effectively. This

comprises data such as the location ofeach building in the flood plain, the owner, rhe cost

of structure the damage category of each structure, etc. Appendix A- 1. details the list of
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fields contained i¡ the database and what they represent. Appendix A-2. also lists the SeL

commands used to create these fields in the database. Data from GRASS provides inpur

fo¡ the fields ROWN, COLE, IBDLG, ADJ and IDRCH. The information on rhe locarion.

reach and stn:cture identification number ale obtained from GRASS by running the {sites}

p¡ogram in GRASS. This program performs a site occunence report based on 1 or more

map layers, a¡d writes these statistics to a data file. The data ouçut produced by this

program can be ¡ead and re-formaned by a Fortran computer program and then loaded into

the database fields in ORACLE by using the SQL command SQLLOAD, (Appendix A-3).

This information, inputted from GRASS, then serves as the basis for enrering the

information required for the other fields. This can easily be done using SeL commands.

For example, the SQL command

UPDATE Adolphe
sET V1FS = 50000
WHERE IBDLG = 365;

performs the task of assigning a value of $50,000 to building number 365,( IBDLG=365).

Thus the existing conditions in the flood plain can be efficiently documented by

using the information from the GIS and field survey. The completely updated database can

be output to a file using the SQL command SQLREPORT (Appendix A-4), making such

information available for use by SID.
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4.3 PRE.DISASTER ANALYSIS.

An imponalt task of the DSS is in providing input for the two damage models to be

used in the flood damage analysis, namely SID and EAD. NEXPERT, as rhe system

manager, assists in the input of data into these models by providing a sequential

consultation designed to maintain the focus of the user on a particular task till each sub-rask

is completed. This is important because the manner in which ¡ecords are listed in these

models'input files, which corresponds to the manner in which records are read, does not

cater to the focusing on one specific task fromstart to end. This also prevents the use¡ from

omitting necessary data needed to run the model based on the criteria he specifies, and thus

save costly time which may be spent in debugging the input data.

Such a hierarchial procedure also improves the comprehension of the user towa¡ds

the analysis procedure as a whole and can thus help in the selection of different alternatives

to examine. It also leads to a greater acceptance of the DSS since the analysis procedure

can more easily blend into the decision-making process. This interactive process is

described below.

4 .3,1 INTERACTIVE MODELLING

The rules stored in the expert system's knowledge base govern the order in which

each question is put to the user. These rules a¡e listed in Appendix B-1. A backward-

chaining inference control strategy was used to provide an efficient consultation, since the

number of possible outcomes was not large. A diagram illustrating the backward-chaining

layout is shown in Figure 5.

For the SID consultation, the user is first prompted by the Session connoller in

NEXPERT for a title for the particular run, (as shown in Figure 6), which will be used on

all ouçut for the program. After this, the use¡ is then prompted to specify whether any

non-structural flood control measures will be applied to sfructures in the flood plain, and if
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''ENTER R TITLE FOR THIs CONSULTÊTION - THI5 TITLE UILL
RPFEÊR OH THE PROGRÊH EUTPUT''

Figure 6. Session Control window in NEXPERT

so the type of measure to be applied. Three options are provided in the model namely,

raise-to-target-elevation analysis, flood-proofing analysis and relocation of structures

analysis, to be used for the analysis. For each measu¡e selected, the inference mechanism

determines the rules which need to be selected in orde¡ to prompt the user for info¡mation

which must be provided for the proper implementation of the measure.

The system then prompts the user for information related to the flood plain such as

the number of damage categories, the number of damage reaches and the different damage
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functions that may be applied to a particula-r category. The damage function for a parricular

structure or category of structures represents the manner in which the elevation-damage

relationship is defined for that panicular category or structure. The damage function may

be represented as an elevation - percent-damage relationship (i.e. if the flood level is 1ft

above the fi¡st floo¡ level then 20Vo of the smrctu¡e value can be said to be lost, and so on),

or it may be represented as an elevation - direct-damage relationship (where the different

flood levels correspond to a certâin amount of damage). The user, upon specification of a

damage category is prompted for a name of a damage function a¡d also whether the damage

function values to be input are elevation - petcent-damage values or elevation - direct-

damage values, and then NEXPERT prompts for these values to be input. The session

continues until all values needed for the model to run are input.

All the values obtained from this hierarchically oriented consultation process are

w¡itten to data files whose filenames correspond to the respective record names of the

program for efficient program documentation (i.e., all input data for record 'J1' are written

to a file named 'sJl', 'J2' ¡ecords to 'sJ2', etc ) . After all the necessary values are

obtained, Fortran programs, (listed in Appendix C), read the respective files and combine

these results with the output obtained from the ORACLE session to produce an input data

file for use by the SID model. Thus the user can generate several different scenarios using

NEXPERT and obuin the elevation-damage relationships for them.

The user has the option, after running the SID program, to specify that rhe ourput

be written to a data storage utility named FIECDSS, where it may be accessed subsequently

by the EAD program.
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4.4 GENERATING FLOOD MANAGEMENT

ALTERNATIVES

The selection of the type of structural or non-structural flood conr¡ol measures to

use in a given situation depends on several factors such as the physical and economic

feasibility of the proposed measure, the stage of the expected flood, the amount of flood

waming time that may be given, and the velocity and duration of the expected flood. For

the most pa¡t, flood control measures classified as structural are normally implemented over

a regional scale such as reservoirs, dyke and dams, whilst non-structural measures are

generally implemented to individual or small groups of structu¡es.

The optimal choice of implementation of structu¡al or non-sfructural measures or a

combination of both must be based both on the physical parameters outlined above and also

on engineering expertise in the area of flood management. Expertise is required for several

reasons. For example, incentives may be provided to householders in the flood plain to

implement certain types of flood control measures for their own safety, but regardless of

the risk, they may for one reason or another refuse to implement these measures. They

may also be reluctant to provide funds in the form of levies or taxes for large scale

structural flood control measures if the anticipated floods have not materialized in ¡ecent

times, even though severe flooding is likely to occur in the region. Atrractive flood

insurance rates may also not be taken advantage ofdue to a false sense of secwity by these

residents.

This human factor as well as the experience of engineers in apptying the available

measures in other relevant flooding situations needs to be taken into account when selecting

flood control measures for a particular area, and one way in which this information can be

collated and provided to the user of the DSS to access and make and informed decision is

through the use of expen systems.
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Although an expert system which incorporates this necessary knowledge is

currently not i¡te$ated into the system, it is planned to be added in future resea¡ch work to

be implemented on the system.

4.5 POST.DISASTER ANALYSIS

Subsequent to the generation of the elevarion-damage relationships produced by the

SID model, the system loads up the knowledge base containing the consultation for rhe

damage model, EAD. Likewise, NEXPERT generates a sysrematic hierarchical

consultation for the input of the required data needed to run the model. A description of the

consultation is given below.

4.5.1 INTERACTIVE MODELLING

The user is fust prompted to enter a title for the consultation which will be used on

all program output. Then the user is asked whether a period of analysis consultation is to

be performed and if this is true the necessary data needed is prompted for. This data

includes the length of the period of analysis, the year representing existing conditions, the

year in which the plan becomes operational, and other relevant data. The user may also

specify an affluence factor which represents the change in the value of a structure or its

contents over the period of analysis.

The user is then asked to specify the number of different plans to be evaluated in

this particular computer run. This is the number of differenr flooding scena¡ios to be used

in this panicular consultation. Upon specifying the number, the user is asked how the

flood data for this run will be input. Data may be input in th¡ee different formats,

exceedance-frequency values, flow values or stage values. Each format may require
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additional data to be provided and NEXPERT prompts the user to provide additional

information as shown below:

SELECTON

Exceedance-frequency
values

REQUiRED DATA

flow-frequency values

stage-frequency values

ADDITIONALDATA

Flow values

Stage values

All the above options also require the input of information on the elevation-damage

relationships existing in each reach. This data may be input manually or may be retrieved

directly from the HECDSS data storage file created by the SID program by specifying the

altemative name and pathname of the data.

. All the data received f¡om the consultation are written to data files and upon

completion of the input process a Fortran program reads these files and formats the data

into an input file which is read by EAD. The rules for the consultation a¡e listed in

Appendix B-2. The EAD program is then run and the values of damage or expected annuaì

damage can be obtained.

4.5.2 FLOODING CONSEQUENCES

There are seve¡al indicators that may be computed in order to determine the

consequences of a particular flooding event or a series of fiooding events. These indicators

provide some of the necessary information which can be utilized to rank the set of
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altemative flood connol plans generated. A number of indicators may be generated from

the consultation process developed, and these are discussed below,

Expected Annuaì Damage

The expected annuaì damage is a frequency weighted sum of damage for a range of

possible damaging flood events, and can be visualized as what might be expected to occur

in the present or any future year. By using the EAD prog¡am, the expected annual damage

is determined by computing a damage-frequency matrix from input data and then weighring

each damage value according to its percent chance of exceedance.

Soecific Event Flood Damase

Damage may be computed for a specific event, such as a historical flood event or a

future anticipated event, by selecting this option in the EAD program consultation and

entering in the required value.

Area Flooded bv a Soeciflrc Event

The area flooded by a specific flood event may be compured by using the CRASS

program. The elevation conesponding to the particular event is input to NEXPERT and the

flooded area conesponding to this stage is displayed on the elevarion map. The GRASS

program {reponl is then accessed to generate a report on the total area taken up by the

displayed flooded area, and this is then multiplied by actual area ofeach cell to arrive at the

actual flooded a¡ea.

Individual Structu¡e Damase

Individual structure damage may be determined by flrst comparing the flood stage

for the particular event to the ground elevation of the building as listed in column ADJ of

the sructure inventory database. If flooding is found to have occuûed, by the ground
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elevation being lower than the flood stage, then a multiplication of the damage funcion for

the particular strucrure and the cost of the structure will yield the damage done to it.
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5. CASE STUDY . GREATER WINNIPEG
AREA FLOOD MANAGEMENT.

5.1 INTRODUCTION

The city of Winnipeg in Manitoba, Canada, and areas along the banks of the Red

River upstream of the city, (see Figure 7.), have a history of flooding which dates back

several decades. These floods have caused much damage and destruction, the most notable

in recent decades being the Red River flood of 1950. In the years subsequent to this event

seve¡al flood control measures were put in place, aimed at providing flood protection for

the residents of the city of Winnipeg. A primary dyking system was consrructed soon after

the 1950 flood to protect some of the low-lying areas along the Red, Assiniboine and Seine

rivers throughout the city. The Red River floodway was completed in 1968; the Porrage

diversion in 1970; and the Shellmourh Reservob in 1972. The operation of this flood

control system maintains upstream water levels to thei¡ natural levels, and thus does not

reduce the flood haza¡d of a¡eas upstream of the Red River floodway. During the most

recent instances of high water levels on the Red River, i.e., 19'7 4 and 1979, ¡esidents

upstream of the floodway incur¡ed heavy damages with some buildings being washed

away and several residents having to be evacuated from the area.

The area chosen for this study, highlighted in Figure 7 and detailed in Figure 8,

represents an area of 10 x 13 sq km, just upstream of the inlet control structure and Red

River floodway which provide flood protection for the City of Vy'innipeg. The main

community in the region is St Adolphe, Manitoba. The main occupation of dwelle¡s in the

area is farming. The average cost of buildings in the rownship is $80,000 and in

surrounding areas the average cost is $50,000. A dyke known as the West dyke which is

part of the flood conEol works for the city of Winnipeg, runs from north to south though
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Figure 8. Diagram of the study area

42



the western part of the study area. Buildings located west of this dyke are protected to a

height of 787.4 ft above sea level, which is the elevation of the dyke.

Apart from a few ring dykes around some of the buildings in the region, the a¡ea is

vulnerable to floods which in general have a small return period. It is intended ro use the

DSS to generate and evalutate suitable flood control measures for the area and recommend

measues which can be taken to protect the communities in the region .

4J DATA ACQUISITION, FORMATTING AND INPUT.

Data for the study area was obtained from several agencies including the Wate¡

Resource and Remote Sensing Branches of the Manitoba Department of Natural Resources.

Pre-processing of data for model input is discussed under the headings geo$aphic data,

hydrologic data and database input.

Geographic Data

In Winnipeg, the Remote Sensing division of the Manitoba Depanment of Natural

Resources is the agency that distributes geographic data. These data comes in files

covering a typical 1:20000 map areâ and each file consists of several map layers. Pre-

processing was done after obtaining the data files from the agency. The data was obtained

in the DLG format, which was close to an acceptable format used in the GRASS GIS

software. The GRASS program import.to.vect was used to translate these files into

GRASS digit format which is the format used by GRASS to perform analyses. Vector data

files that made up the study area were joined together by running the GRASS program

Vpatch. The two main map layers to be used in the analysis i.e., the elevatiol¡ map layer

and the buildings map layer, were pre-processed as follows.
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To prepare the elevation map layer, the GRASS program digit was run and lines

and a¡eas that were not assigned contou¡ values were given values by clicking on them with

the mouse and assigning them. These vector files were then converted to raster format

using the vect.to.cell program in GRASS. ln order to generate a continuous surface from

the contour layers the program Gsurface was n¡n. This program frlls grid-cell values with

interpolated values, using numerical approximation techniques. The resultant map was

edited after this program was run to ensure that important features on the map such as the

West Dyke had the correct elevations. This was done by running the digit program to

digitize the conections on a new map and then by combining the old map and the

coEections map using the combine program. This procedure resulted in obtaining a

corrected and au¡hentc elevation map layer.

The elevation map for the study area, generated from the above procedure,

contained elevations that ranged from 705.4 ft at the surface of the Red river to 820.2 Ît at

the top of the Inlet Control structure. The contou¡ intervals obtained afte¡ running the

interpolation program {GsurfaceJ was 3.3 ft. A diagram of this is shorvn in Figure 9.

Thirty-four intermediate values were generated.

With respect to processing the buildings map layer, the GRASS program (digit)

was also run. In order to be able to determine the elevation at a particul stn¡cture or

building a single point was ma¡ked for every building on a new cell map. By overlaying

this new map on the elevation map the elevation corresponding to these points is

determined, and this is taken to be the ground elevation for each respective building. These

reference elevations are used in the subsequent analyses. The {sites) program was used to

pedorm analyses on the buildings map layer and the elevatíon map layer to generate

information on the coordinates of each building in the flood plain as well as the ground

elevation at each location. Each building was given a unique identification number in the

process. The information i.e. No¡th coordinate position, East coordinate position,
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identification number and ground elevation, provide the neceesary data to fill the ROWN,

COLE, SITENO and ADJ colum¡s respectively in the database.

Hydrologic Data

Data for the ânnual flood peaks (see Table 3) and the stage-discharge relationship

(see Table 4 and Figure 12) at the inlet control structure were obtained from the Warer

Resou¡ces Branch of the Manitoba Departrnent of Natural Resources. The average cost of

buildings in built up areas was $80,000 and elsewhe¡e 950,000. The majority of buildings

in the township were classified as two-storey no-basement (2SNB) buildings and the

average classification elsewhere was single-storey no-basement (1SNB) buildings, and

these values were used as approximate values throughout the study area. The elevation -

percent-damage function relationships were obtained from U.S. Federal Insurance Agency

(1970) curves for simila¡ building categories. The discharge - probability-exceedance

frequency curve was generated for the flow values obtained in Figure 13. Buildings east of

the West Dyke were assigned to category 1 and buildings west of the West Dyke were

classified as being in category 2.

Database Inouf

Data from the GRASS program is input into the database by the commands given in

Appendix A-3. These values a¡e used as the basis for updating the remaining columns in

the database. The commands used to update the database which a¡e based on information

pertinent to the study area are as listed in Appendix A-5. The resultant updated database is

as listed in Appendix F.
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FLOW
(cfs)

45100
15600
11500
71200
39700
14300
23500
22200
58700
23t00
42000
13400
51400
32200
36800
24300
37s00
38700
24300
37500
38700

FLOW
(cfs)
r5000
37700
7750

15400
126cÐ
17600
41800
4s600
42200
t7400
s2500
38100
38100
36700
69000
48 i00
103600
37600
12600
r8500
53700
68800

YEAR FLOW
(cfs)

23100
18500
35000
68700
17000
59600
23300
35400
64200
88200
61000
18000
75800
80100
s8900
57600
18900
96500
61900
64800
6600

67000

913
914
915
916
9r7
918
919
920
92r
922
923

935
936
937
938
939
940
94r
942
943
944
945
946
947
948
949
9s0
951
952
9s3
954
955
956

957
958
959
960
961,
962
963
964
96s
966
967
968
969
970
971
972
9'13
974
975
976
97'1
978

1924
r925
t926
t92'7
t928
1929
1930
1931
1932
t933
t934

Table 2. Annual Flood Peaks

x - estimated values

Table 3, Stage-discharge values for St. Adotphe

STAGE

708*
712*
716*
720*
724*
728*
732*
736*
740*
7M*
748

FLOW
(cfs)
13000
15000
17000
19000
21000
24000
26000
30000
35000
41000
50000

STAGE

749
750
751
752
753
754
755
756
757
758

FLOW
(cfÐ

54000
s7000
60000
64000
68000
72000
75000
80000
84000
88000

STAGE FLOW
(cfs)

759 94000'760 100000'761 106000
762 115000
763 126000
764 140000
765 160000
766 180000
767 20s000
768 230000
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t-(t) .O. STAGE

100000 200000 300000
DIScHARGE (cfs)

Figure 9, Stage-discharge relationship.

5.3 STRUCTURE INVENTORY ANALYSIS.

The SID program was used to determine the elevation-damage relationship for the

existing conditions in the region. The consultation for data input into the model was as

described in the previous chapter. Buildings situated in the area west of the West Dyke are

protected from flooding of the Red Rive¡ to a height of 787.4 ft and this was taken inro
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account when generating the elevation-damage relationship for this a¡ea, by specifying in

the consultation that all these buildings are flood-proofed to a height of 787.4 ft.

The elevation-damage relationship was also generated for a number of flood control

measures that were deemed both physically and economically feasible to be applied to the

region. These measures were applied to only the buildings east of the wesr dyke, since the

West Dyke offered the remaining dwellings some form of protection. Th¡ee non-structural

measures and one structural measure were considered as both ecenomically and physically

feasible measures in the region.

The feasible flood control measures investigated are as shown in Table 4 below

1. ExistingConditions.

2. Raising individual strucrures to a height of 3ft,

3. Raising individual sruchrres ro a height of 5ft.

4. Flood Proofing individual srructu¡es to a height of 3ft.

5. Flood Proofing individual sn¡crures to a height of 5ft.

6. Relocation of structu¡es to above the 754.0 ft.

7 . Dyking along the Red Rive¡ to the'725.4 ft level, i,e, a 20ft dyke.

8. Dyking along the Red River to the745.4 ft level, i.e, a 40ft dyke.

Table 4. Feasible flood controt meâsures.
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Raising individual structu¡es and flood proofing analyses were performed to a

maximum height of 5 ft which is the recommended maximum height taking into account the

economic burden to householders and aesthetics, (U.S. Army Corps of Engineers, 1987).

Also, average arnual cost as a percentage of structure value data was available for the

application of such measures to heights of 3ft and 5ft, and since a cost of measure analysis

was to be performed these heights were chosen,

Relocation of structures above a height of 750.4ft was also investigared. Several

structures had ground elevation below this elevation and f¡om an inspection of the flood

plain, there was land available to relocate these structures above this level. The only

structural flood control measure conside¡ed in the analysis was dyking of the Red River.

This was investigated to heights of 20ft and 40ft.

The SID consultation was performed for each of the eight options, and the

formatted input hles and the output generated from each of these consultations a¡e listed in

Appendix D-1 and Appendix D-2, respectively. Output f¡om the SID program for

consultations f¡om altematives 1, 2, 3 and 6 were saved in a data storage utility provided

with the programs named HECDSS. This utility makes rhe elevation-damage data readily

available for use by the damage model EAD. The SID model did not permit flood-proofing

analysis to be performed on mo¡e than one category, and so for options 4,5,7 and 8 rhe

elevation-damage relationship was calculated for category 1 and then added manually to the

elevation-damage relationship for category 2 obtained f¡om consultation 1. The elevation-

damage relationships for these categories are shown in Table 5.
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STAGE
(f0

709
713
7r7
'721
725
729
733
737
't41
'745

749
753
7 5'7

761
765
769
773
77'1

Table 5.

Altemative 4
(x $1000)

0
23.8
27.5
35.r
48.2
70.8
77.5
r24.5
t49.2
33t.9
49'1.0
83'7.9

t435.3
26'17.8
4167.8
5752.2
8555.0

23001.0

Alternative 5
(x $1000)

0
23.8
27.5
35.1
48.2
50,0
77.5
t24.8
149.2
t79.7
49'7.0
837.9

1230.0
t757.6
3484.2
5752.2
8555.0

16018.0

Alternative 6
(x $1000)

0
0
0
0
0

70.8
95.1

124.8
t72.2
364.6
598.2
961;7

143s.0
2787.4
M87.8
6&9.8

1t374.0
23062.0

Altemative 7
(x $1000)

0
0
0
0
0
0
0
0
0
0

598.2
96r.7

1435.0
2787.4
4487.8
6&9.8

t1374.0
23062.0

Blevation-damage data for alternatives 4,5,7 & 8.

5.4 DAMAGE ANALYSIS.

Two particular damage analyses were performed: damage for a specific flood event

and expected annual damage over a 50 year period.

Damage for a Specifïc Event

An analysis of damage for specific events was performed for 3 separate flood

events, i.e., the i950, 1970 and 1974 floods. The 1950 flood was the largest flood in 100

years, and the 197 4 flood was rhe largest in ¡ecent decades. The damage accruing from

each of these altermatives is shown in Table 7.
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Exnected Annual Damage

The analytical model EAD was used to compute the expected annual damage for a

period of 50 years . The consultation was run interactively as described in the previous

section and data from the SID model consultation was loaded into the EAD model for the

respective options. The data values used for the compufation of the expected annual

damage are as listed below

I Period of Analysis

2 Study Year

3 Base Yea¡

4 Dolla¡ Yea¡

5 Affluence Factor

6 Discount Rate

7 Price l,evel Index

50 years

1992 Year representing existing conditions

1995 Year when plan takes effect

1992

t.2

5Vo

1.0

Table 6. Data for expected annual damage computations.

Damage for specific event Expected Annual Damage Equivalent

Measure 1950 1970 1974 2004 2024 2044

| 2s7r.0 1319.3 2212.8 389.8 52s.0 707.2 43s.6

2 1613.7 979.6 1446.t 269.2 362.6 488.4 300.9

3 t26t.9 779.9 1t37.2 208.4 280.7 378.1 232.9

4 2479.0 1288.4 2149.7 354.8 47'7.9 643J 396.5

5 1673.2 tr33.9 rs33.4 301.3 405.9 546J 336.8

6 865.0 0 592.1 44.7 60.2 81.1 4g.g

7 2s7r.0 1319.3 2212.8 379.4 510.9 688.2 423.9

8 257r.0 t319.3 2212.8 293.7 395.5 s32.7 382.2

Table 7, Damage and esf imated annual damage results
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COST COMPUTATION.

Average a¡nuai costs as a percentage of structure value data were obtained f¡om

U.S. Federal Insurance Agency (1970) data on estimate costs of implementing specific

flood control measures. These values a¡e listed in Table 8. The total esrimated cost of

implementing each non-structural flood control measure in the study area is computed by

multiplying the number of structures to which the measure was applied by the cost of each

measure. The¡e were 702 buildings in category 1, having an average price of $50,000, and

509 buildings in category 2, with an average price of $80,000. The resultant annual costs

a¡e shown in the Table 8.

Estimated Average
annual cost as a Total
percentage of Cost
Structure value ( x 91,000)

Existing Conditions

Flood Proofìng to 3ft - Flood Wall

Flood Proofrng ro 3ft - Levee

Flood Proofing to 5ft - Flood Wall

Flood Proofing to 5ft - Levee

Raising Structures to 3ft

Raising Structures to 5ft

Relocation of Structures - Demolish old ones

Relocation of Strucn¡res - læave structües standing

Dykirg Red River to height of 240m

Dyking Red River to height of 241m

t.2

0.5

1.6

0.7

2.1

2.1

4.6

8.',]

909.8

379.1

r2t3.t

530.7

r592.2

150? 
'

3487.7

6s96.3

of implemen ting flood
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6. DISCUSSION OF R.ESULTS.

The decision suppon system developed in this research work was used to automate

the p¡ocess of generating alternative measures of flood control, and was used to compute

indicators of the inundation-reduction benefits to be obtained from applying each measure

such as damage from specific events, expected annual damage and the equivalent annual

damage. The plots of the values computed for these indicato¡s a¡e shown in Figures 14- 16

respectively. The results a¡e discussed in the next section.

DAMAGE COMPUTATION RESULTS

An observation of the damage caused by specific events, Figure 11., shows that

alternative 6 (i.e., relocating structures above a height of 754.Oft ) was the measure rhat

reduced damages the most in all the flood events. In the case of the flood of 1970

magnitude, this measure was successful in preventing any damage being incurred by

householders living in the region. Alternatives 2 through 5 were also successful in

reducing the damage below that which would prevail if existing conditions were to remain.

Raising stnrctures by a specified amount however proved to be more effective in reducing

damages from these events than flood proofing to similar heights. This was generally due

to the fact that both flood protection measures a¡e breached by the selected floods, and

since the damage curve for the raising structures options would begin at a higher elevation

than that of the flood proofing options, damage by raising structures to 3ft and 5ft was less

than flood proofing to 3fr and 5fr.

The expected annual damage, as mentioned previously, is the frequency weighted sum of

damage for the full range of possible damaging flood events. It represents the damage for a

particular set of hydrologic, hydraulic and damage conditions. Expected annual damage
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Figure 11. Damages for the magnitudes of the 1950, 1970 & 1974 floods

was computed for each year of the period of analysis and used in computing the equivalent

annual damage. In determining the equivalent annual damage, each year's expected annuaì

damage is discounted back to the base year and then amortized over the period of analysis.

The discounting formula used was:

F*¡
(1+i )N

Present amount of some futu¡e amount.

Futu¡e amount.

Number of years the futüe amount is from present

Discount rate.

P

F

N

i
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The present amount of all future amounts over the period of analysis is then amortized

using the formula:

i( 1+i)N
P,*

(1+i;N-1

Equivalent annual amount.where A

The values obtained for the equivalent annual damages for each of the alternative

measures are shown in Figure 13. It is seen that alternative number 6 is the measure that

has the lowest value of equivalent annual damage, whilst altemative number 7 has the

Iowest value next to the existing conditions. The structure raising alternatives had lower

equivalent amual damage values than the corresponding flood proofing values. A.lremative

7, which is the dyking of the Red River to a height of 745 ft proved to be a more efficient

measure than flood proofing to a height of 3ft, on the basis of these values.

The inundation reduction benefits of a flood plain management measure are the

flood damages prevented by the plan. If it is assumed that the equivalent annual damage

computed for the period of analysis represents damage to activities which would occupy the

flood plain without a flood management plan, then the inundation reduction benefits can be

computed by subtracting the equivalent annual damage for each measure from the

equivalent annual damage without the plan.

Average annual costs of implementing the chosen flood conEol measures to the

community as a whole were computed and shown in Table 8. These values showed that

the flood proofing options would be the least costly to implement and the ¡elocation of

stnrc$res and the Red River dyking options the most expensive.
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All the vaiues obtained through the consultation a¡e indicators of the benefits and

costs that are associated with the implementation of the va¡ious structural and non-structural

flood control measures that were selected fo¡ the analysis, and these values may form the

basis for a multi-objective analysis in order to select the most suitable measu¡e for

implementation.

6.2 SPATIAL INTERPRETATION

The incorporation of the GIS softwa¡e into the decision support system a¡chitecture

provides a powerful tool for the display and manipulation of the ¡esults of the analyses

performed in the previous chapters. This helps the user of the integrated tool to visualize

the results obtained from the various aÌtematives generated in the previous sessions and

allow the user to examine the consequences of these floods in detail, thus enabling a more

complete understanding of each measu¡e. There are seve¡al ways in which the GIS

incorporated can provide visual support to the planning process and these are discussed

below.

Showing the flooded areas

In cases where it is desired to examine the consequences of flooding from specific

events, flooded areas resulting from these measures can be displayed both in 2-dimension

and 3-dimensional overlay on an elevation map layer. This gives a representation of the

a¡ea which wiil be flooded by this event. It is possible to utilize the routines provided in

the GRASS GIS program to assist in performing backwate¡ calculations along the ¡each to

determine accurately the elevations at various points along the reach. For small reaches or

study areas, such as the cunent project area under study with a size of 10 x i3km, the stage
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to which a pa¡ticul flood rises may be displayed as a constant level surface across the

reach to provide an adequate flooded area representation.

Disolaying damage hy elevation.

Another visual display which can help the user to select the particula¡ measure to be

applied to the study area is a display of the resultant damage at every point in the reach for

every level of elevation. For example, at elevation 750.4 it will be useful to display the

va¡iation in damages throughout the reach for a particular flood control alternative. This

will assist in locating areas at high risk of sustaining major damages due to a particular

flood at a paÍiculæ elevation and thus highlighting these areas for special attention

measures such as possible relocation of structures.

To be able to derive these maps, the damage function relationships for each

sÍucture or category of structures is utilized to obtain the e levation-damage relationships.

These functions are used in conjunction with the GRASS program Ginfer to generate a new

map which is an aggregation of the damages incurred by each building in the reach at a

particular elevation. The GRASS program Ginfer is an inference engine which applies a

set of user-specified rules to named map layers, U.S.Army CERL, (1988).

The procedure to be used is as follows:

The damage functions a¡e first used to determine the actual damage to each building

at intervals of 3ft.
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2. The GRASS program Ginfer is used to interprete rules listed in a text frle by the

user and interpretes these to produce a new map layer. A typical rule that is used

generate the damage value for a building is as follows:

IFMAP flooded a¡ea 725ft

ANDIFMAP elevation 705ft

ANDIFMAP buildings 1

THENMAPHYP result 40000

Inte¡preted, this rule means that if the 3 maps "flooded a¡ea", "elevation" and

"buildings" a¡e ove¡lain on each other, and there is a value representing 725ft in the

map layer named "flooded area" and there is a value represenring 705ft in the

"elevation" map layer and if the¡e is a cell representing category 1 in the "building"

layer, the assign the value of 40,000 to this cell in a new map layer named "result".

[ $40,000 is the value computed to be the damage to a building of caregory I

submerged to 2ûft ( 725 ft - 705 ft) )

By establishing simi-lar rules for the range of the damage function in intervals of

say 3ft, the damages incuned for each cell in the map at a particular map layer can

be computed and displayed in varyilg colours for easy inte¡pretation.

The consultation for viewing these damage maps is conuolled by NE)(PERT,

which would frst prompt the user for the flood to use (i.e. 1970 flood). Then

the consultation would then prompt for an elevation layer to view and upon
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selection of an elevation layer the damages for every cell on the map is

displayed.
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7. CONCI-USIONS AND
RECOMMEI{DATIONS

The research work presented in this thesis dealt with the development of a computer

aided decision support system designed to provide comprehensive support in the domain of

flood control planning, and outlined ways in which such an softwa¡e tool comprising of an

integration of technologies such as expert systems, geographic information systems, flood

damage models and other routines can be used towa¡ds enhancing the solution process.

The interactive natu¡e of the consultations outlined in the repon, as well as the

useful domain specific help facilities associated with each rule in the knowledge base of

NEXPERT enable the user to quickly familiarize himself with the various tasks involved,

such as data input to damage models and the proper selection of variables for model input.

The use of already developed interactive shell, NEXPERT, with inregatable capabilities

also eliminated the time that would have been used in writing linkage code in order to

establish the communication links between the va¡ious paÍs of the system.

The running of all the softwa¡e to be integrated on a similar platform, the

workstation platform, enables efficient linkage and inter-communication between the

various system components and enables runtime speeds to be kept minimal. The

workstation architecture aÌso provided a conducive envi¡onment for the development of the

system,

Geographic information systems played a key role in addressing the spatial aspects

of the problem domain, from its role in providing data input to the damage models to help

generate the complete structure inventory to its role in aiding the decision-maker in the

visual comprehension of the consequences of the va¡ious flood management alternatives.

There a¡e several other ways in which GIS can be used to enhance the planning process.

In the anaìysis performed individual strucrures or categories of structures were predefined

from maps and these categories were then flood proofed using the same measure. The GIS
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could be used to identify clumps or clusters of buildings which are amenable to be grouped

into one category whereby joint flood control measures such as a ring dyke may be built

around these structures. Identifying criteria such as a proximity distance of 20metres and

and elevation range of 3 to 5 ft may be used to determi¡e which structures may be grouped.

The use ofa relational database to handle the storage and retrieval of data for use by

the damage model facilitated the data handling process. In this project, the study are which

made up an a¡ea of 10 x 13 km contained 1213 buildings. With a larger and more built up

a¡ea under examination the data ¡equirements would become large, and the question of ease

of data storage and retrieval would be highly important if an efficient database manager

were not employed. By being able to easily access, modify and retrieve information sto¡ed

in the structure inventory database different flood plain scena¡ios can be constructed and

investigated. The information in the database can also be reu:ieved and used for other inter-

agency purposes and will serve as a valuable resource of wate¡shed statistics which can be

updated periodically.

There a¡e several a¡eas where the current system can benefit from funher work and

these are discussed briefly

FUTURE RESEARCH WORK

A complete inventory of all entities within the flood plain such as crops, livestock,

utilities, etc, will provide a basis for inputting and obtaining a complete account of the

study area ard a more accurate damage assessment can then be ca¡ried out.

The incorporation of knowledge bases containing engineering expertise to be

applied in semi- or ill- structured a¡eas such as the selection of the type of non-structural
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measures to apply and how to administer rhese measures ( whether applied to individual

stn¡ctures or groups of structures) would further enhance the interactive process by

providing online expenise to the user's fingertips.

The collection of additional hydologic and hydraulic data such as channel

morphology, and the inclusion of a model for hydrologic computations such as the FIEC-2

model would enable accurate water surface elevation computations to be determined along

the river reach.

The possible incoporation of multimedia applications such as animation - whereby

the flood wave is simulated along the flood plain - and sound effects - providing

accomparying sound which varies depending on the flood magnitude may help !o improve

the consultation process.
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APPENDIX A

APPENDIX 4.1: GLOSSARY OF DATABASE COMMANDS

KODE1 - Identificarion record,
IDRCH - Damage reach identification code.
tsDLG - Structure identification code.
ROWN - North coordinate point.
CO[-E - East coordinate point.
ADJ - Elevation of reference flood at the structure

in feet.
STOPO - Elevation of reference point selected fo¡

the structure in feet; either of
( 1) First floor elevation, or
(2) Ground flood elevation.

DELT - Distance between water surface elevation
that can cause damage to begin, and first
floor.

DELTB - Distance between elevation of basement
floor and first floor.

DELIG - Distance between first floor and ground
floor.

NEWSTR (0) for existing srructure,
(1) for new structure.

KODE2 - Identification record.
IDCAT - Damage category to which structure is

assigned.
ID lFS - I.D. code for damage potential function of

structufe.
V1FS - Total value of strucrure in $1,000.
IDIFC - I.D. code for damage potenrial function of

contents,
V1FC - Total value of conrents in $1,000.
IDIFO - I.D. code for damage potential function of

other items.
V1FO - Total value of other irems in $1,000.
IADDR - Column fo¡ comments and record keeping.
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APPENDIX A.2 COMMANDS FOR CREATING
DATABASE TABLES.

CREATE TABLE ADOLPI{E
(KODE1 cHAR(s),
rDRCH CHAR(s),
rBDLG NUMBER(8),
ROWN NUMBER(8),
cü¡ NUMBER(8),
ADJ NUMBER(8),
STOPO NUMBER(8),
DH.TZ NUMBER(8),
DELTB NUMBER(8),
DELTC NUMBER(8),
rFUNC NUMBER(2),
NEWSTR NUMBER(I),
KODE2 CHAR(s),
IDCAT
IDlFS
VlFS
IDlFC
VlFC
IDlFO
VlFO

cHAR(8),
cHAR(3),
NUMBER(5),
cHAR(3),
NUMBER(s),
cHAR(3),
NUMBER(5).

IADDR CHAR(32),
CATEGNO NUMBER(4),
DAMAGENO NUMBER(2));
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APPENDIX A.3 COMMANDS FOR LOADING DATA
FROM GRASS.

LOAD DATA
INFILE site¡pr.rsr
INTO TABLE ADOLPHE
(IBDLG POSITION(OI:05) INTEGER EXTERNAL,
CC[-E POSITION(08:14) INTEGER EXTERNAL,
ROWN POSITION(18:25) INTEGER EXTERNAL,
DAMAGENO POSIION(29:30)INTEGEREXTERNAL,
CATEGNO POSITION(35:37) INTEGER EXTERNAL)
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APPENDIX Ä-4 COMMANDS TO OUTPUT DATA FROM
DATABASE

#DT 1 13 8 913 17 1825
72737475#
#D'r2t38913 17 1824
45495081 #
.DECLAREKODEI a2
.DECLARE IDRCH al
,DECLARE IBDLG 9999
.DECLARE ROWN 9999999
.DECLARE COLE 999999
.DECLARE ADJ 999
.DECLARE STOPO 999
.DECLAREDELTZ 9
.DECLAREDELTB 9
.DECLARE DELTG 9
.DECLARE IFLINC 9
.DECLAREKODE2a2
.DECLARE IDCAT a7
.DECLARE IDIFS a3
.DECLARE VlFS 99999
.DECLARE ID1FC a3
.DECLARE VlFC 99999
.DECLARE IDIFO a3

.DECLARE VlFO 99999

.DECLARE IADDR a3l

.DEFINE seldata

27 33 38 41 46 49 55 57 63 6s

25 28 29 33 34 36 37 4t 42 44

SELECT KODEI,IDRCH,IBDLG, ROWN, COLE, ADJ, STOPO,
DELTZ, DELTB, DELTG, IFLINC,

KODE2, IDRCH, IBDLG, IDCAT, IDlFS, VlFS,
IDlFC, VIFC, ID1FO, VIFO, IADDR

INTO KODEI,IDRCH, IBDLG, ROWN, COLE, ADJ,
STOPO, DELTZ, DELTB, DELTG,IFT'NC, KODE2,
IDRCH, IBDLG, IDCAT, ID1FS, VIFS, IDIFC,
VlFC, IDIFO, VlFO, IADDR

FROMADOLPHE
WHERE IBDLG > O

ORDERBYIBDLG
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.DEFINE body
#T 1 ,PRINT
KODEl #NC
,PRINT IDRCH
#NC .PRINT
IBDLG #NC
.PRINT ROWN
#NC .PRINT
COLE #NC
.PRINT ADJ
#NC .PRINT
STOPO #NC
.PRINT DELTZ
#NC .PRINT
DELTB #NC
,PRINT DELTG
#NC .PRINT
IFUNC #NC
#TE #T 2
.PRINT KODE2
#NC .PRINT
IDRCH #NC
.PRINT IBDLC
#NC .PRINT
IDCAT #NC
,PRINT IDlFS
#NC ,PRINT
V lFS #NC
.PRINT IDlFC
#NC .PRINT
VIFC #NC
.PRINT IDlFO
#NC ,PRINT
VlFO #NC
.PRINT IADDR
#NC #TE

.DEFINE head

.DEFINE foor

.REPORT seldata body head

.STOP
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APPENDIX A-5 COMMANDS TO UPDATE THE
DATABASE

UPDATE ADOLPHE
SET KODEI ='SL'
WHERE IBDLG <'2OOO';
UPDATE ADOLPM
SEr KODE2 ='SD'
WHERE IBDLG <'2OOO';
UPDATE ADOLPTIE
SHI IDRCH ='1'
WHERE IBDLG >'O';
UPDATE ADOLPI{E
SEf DELTZ ='0'
WHERE IBDLG <'2OOO';
UPDATE ADOLPHE
SET DELTB ='0'
WHERE IBDLG <'2OOO';
UPDATE ADOLPM
SET DELTG ='2'
WFIERE IBDLG <'2OOO';
UPDATE ADOLPHE
SET IFLINC ='0'
WHERE IBDLG <'2OOO':
UPDATE ADOLPHE
SET NEWSTR ='O'
WHERE IBDLG <'2OOO';
UPDATE ADOLPHE
SET ADJ = '705.0'
WHERE IBDLG <'2OOO';
UPDATE ADOLPHE
SE-f IDIFS ='HRl'
WHERE DAMAGENO ='2';
UPDATE ADOLPHE
SET ID1FS ='HR2'
WHERE DAMAGENO='1';
UPDATE ADOLP¡{E
SE-r IDCAT ='CATI'
WHERE IBDLG <'1114"
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UPDATE ADOLPHE
SET IDCAT ='CAT2'
WHERE IBDLG >'1113';
UPDATE ADOLPM
SET STOPO = (CATEGNO + 214)10.3048
WHERE IBDLG <'2OOO':
UPDATE ADOLPT{E
SEI V1FS = '50'
WHERE DAMAGENO ='1';
UPDATE ADOLPIIE
SE-I V1FS = '80'
WHERE DAMAGENO ='2';
UPDATE ADOLPHE
SE*I IADDR='EAST_OF_DYKE'
WHERE IBDLG <'1114"
UPDATE ADOLPHE
SE-f IADDR='WEST_OF_DYKE
WHERE IBDLG >'I1I3';
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CONDITIONS:
Yes ¡_t_t_done
Yes i.Ioodp_done
Yes stE_reloc_doûe
Yes printout done

HYPOTHESIS: analysis_done
ACTIONS:

ExEcuIe IIecho GV(IPOL) !4V(IPROF) GV(IEVAC) ßV(IPRNT) >> sJ1.' GTYPE=EXE;
INFERENCE PRÌORITY : 1

NÀHE :

CONDITIONS:
Show r'lhome/âgyare/txt./dfI. txt" GKEEP=FÀLSE; ßtrÀIT=FÀLSE; GRECT=C ,28A, 4BA,zaa;
Name IT I1
Name NSTAG NSTÀG

HYPoTHESIS : df_done
ACT]ONS:

Execuie rrecho GV(IT) >> sDF'r !4TYPE=EXEi
Execute rtecho ßV(NSTÀG) >> sDFtr L4TYPE=EXE;

INFERENCE PRIORITY : 1

CONDITIONS:
show "/horne/agyare/txt,/dmgfns1.txt" ßKEEP=EÀLst;ßl,JAIT=FALSE;GRECT=0t28a,48c,25:;
Name NODF NODF
Name 1 counter3
Yes loop3

HYPOTHES I S : dîgfns1*done
INFERENCE PRIORITY : 1

NÀÈfE :

CONDITIONS I

Sho\r ì'lhomê/agyare/rxt/dmgfns2.txtrtGKEEP=FÀLSE;€fiAIT=FÀT,SE;GRECT=0t2BAt4aA,Zaa;
Nane NoDC NODC
Execute I'echo !4V(NODC) > sDC,, !4TYPE=EXE;
Name 1 countêtA
Yes loop4

TiYPOTHESIS : dmgfns2_done
INFERENCE PRfORITY : 1

NÀMÊ :

CONDIT]ONS:
Show r'lhome/agyare/txt/dmgfns3.LxtrrGKEÊP=FALSE;GHAtT=FÀLSE;€RECT=at2BAt4BA,23a;
NAme NODR NODR
Nême 1 counter5
Yes loop5

HYPOTHES IS i dmgfns 3_done
iNFERENCE PRIORITY : 1

NÀME :

CONDTTIONS:
Sho\,¡ rrlhome/agyare/txt/dmgfns4.txt'r !4KEEP=FÀLSE;G!,¡ÀIT=FÀLSE;GRECT=OtZBA,4BAt25a;
Name ÀcG Àcc

HYPoTHESIS : dmgfns A_done
INFERENCE PRIORITY : I

NÀIIE :

CONDITIONS:
Yes dmgfns 1_done
Yes dmgfns2_done
Yes cLrgfns3_done
Yes dîgfns 4_done

HYPOTHESIS : djngfns_done
INFERENCE PRIORIîY : 1

NÀME :

CONDITIONS :

Sho\,¡ rtlhone/agyale/txt/d¡t.txtù GKEEP=FÀLSE;0WÀIT=FÀLSE;GRECT=A,280,480t255i
Name JDR JDR
Name DTIÎLE DTITLE
Name REFFLD REFFLD
Nâme STRELV STRELV



ExecuEe ¡echo ßv(NODR) >> sDR" 31Y9'=EXE;
Execu!'e ',êcho €V(!=DR) >> sDR,' STypE=EXE;
Execufe "echo GV(DTITLE) >> sÐR" STYPE=EXE;
Execute "echo GV(RÐFFLD) >> sDR'r STYPÐ=EXE;
ExecuLê "echo GV(POLELV) >> sDR,' !ôTy?E=ExE,
EXecuIe 'echo GV(PROELV) >> SDR'I !IYPE=EXE;Execute "echo @V(EVCELV) >> sDR" ßlypE=EXE;Execuce I'echo GV(STRELV) >> sDR,' !4TypE=EXE;

HYPOTHESIS : drÈ_done
IN¡ERENCE PRIORTTY i 1

NÀì.IE :

CONDITIONS:
Yes zlt

HYPOTHES IS : dss_done
ÀCTIONS:

Shor "/home/êgyare/txt/sid1.txr" !4KEEp=TRUE;ßi,¡ÀlT=¡ÀLSE;eRECT=O,2l5,.tBO,3,tC;
Exêcute ,,textedit -Hp 0 660 -'rls 480 200 sSDDM,, GTypE=EXE;

INFERENCE PRIORITY : I
NÀì'IE :

CONDITIONS:
No ZW

HYPOTHESIS : dss_done
INFERENCE PRIORITY : 1

NÀHE :

CONDIT]ONS:
Is IPROFV ''NEI¡I STRUCTUR-ES 9]R1 ZERo DÀ.NfÀGEI'

HYPOT¡iXSIS: f.Loodpl_done
ÀCTIONS:

Do 4 IPROF
Do js_done js_done
Do j6_doûe j6_done

ÍNFERENCE PRIORITY : 1
NAI"fE :

CONDITIONS I

Is IPROFV I'NEt^t STRUCTURES trRT TÀRGET LE\rÂt,l
IiYPOTHESIS : fÌoodp 1_done
ÀCTIONS:

Do 2 IPROF
Ðo js_done js_done

INFER-ENCE PRÍORITY : 1
ÑÀME :

COND]T]ONS:
Is fPROFv t'ÀLt STRUCTURES ?lRT ZERO DÀ¡\lÀcÐr

HYPOTHESIS : floodp 1_done
ÀcTIONS:

Do 3 IPROF
Do j S_done js_done
Do j 6_done j 6_do¡1e

INFER¡NCE PRIORITY : 1
NÀME :

CONDITIONS:
Is IPROFV IIÀIL STRUCTURES 9ìRT TÀRGÉT LEIEI"

HYPoTHESIS : floodp l_done
ÀCTIONS:

Do 1 IPROF
Do js_done j s_done

]NFÐRENCE PRIORITY : 1
NÄ.ì'IE :

CONDTTIONS:
Yes fLoodp2_done

HYPoTHESIS : floodp_done
ÀCTIONS:

Show 'ilhone/agyare/txt/floodp.txtrr ßKEEP=tÀrsE;GHÀIT=FÀLSEieRECT=Ot28A,4BAt2S5ì
Do fLoodpl_done floodpl_done
Do test2 test2

INFERTNCE PRTORITY : 1



NÀT! i

CONDlTICNS:
No f.Loodp2_done

HYPOTH9SIS : f.Loodp_done
ÀCTIONS:

Do 0 tpROF
Do O PROELV

INFERENCE PRIORITY : 1

CONDlSIONS:

HYPO?HEStS : gos id
ÀCTIONS:

Show "/hoûìê/agyare/txt/gos.id1.¡xL,, ßKEEP=FALSE;@WÀIT=FÀLSE;'RECT=O t2gA,¿.BC,2aaExecLrte ,,echo ßV(NODF) !GV(NODC) ßv(NODR) GV(AGG) > sJ2,, GTypr=EXEIExecute "sidgo,, ßTYPE=EXE;!ôg]ÀIT=TRUE;
INFERENCE PRIoRITY : 1

NAUE :

CONDITIONS:

HYPOTHESIS: grâss
ÀCTIONS :

Exêcute rrlhonLe/agyare/cRÀSS.s¡c,/go ú,' !4TypE=EXE;
INFERENCE PRTORITY : 1

NÀI'IE :

CONDIlTONS:
Show "/ha(.è/agyate/LxElj3.tx.u" eKEEp=FÀ.LSE;ßltÀIT=FÀLSA;ßRÐCT=O,2BA,q8C,Z-.:;Nâme NJPOI, NJPOL
Execute rrecho !ôv{NJPoL) > sJ3,, ßlypE=EXE;
Name 1 counter6
Yes loop6

HYPOTHESIS : j 3_done
INFERENCE PRIORITY : I

NÀI.IE :

CONDITIOÑS:
Show rrlhone/agyare/tx¡/j5.txt,t 

!ôKEEP=FÀLSE;!GwÀIT=FALSE;!4RECT=O,2BO,4AO,25aiNâme NJPRF NJPRF
Execute rrecho GV(NJPRF) > sJ5" 0TYPE=EXE;
Nar¡Ìe 1 counterS
Yes Ìoop8

HYPOTHESIS : js_done
INFERENCE pRIORtTy : 1

NÀ.I.IE :

CONDITIONS:
Sholr rtlhome,/âgya¡e/rxt/j6.rxt" 

ßKEEP=FALSE;GnAtT=FÀLSE;€P,ECT=O,2eA,AaCt25aìExecutê rrêcho GV(NJpRF) > sJ6,, gTypE=EXE,
Name 1 counterg
Yes lôop9

HYPOTHESIS: j 6_done
INFERENCE PRIORITY : 1

NÀ¡'fE :

CONDITIONS:
Sho!{ "/home/agyare/txt,/j8.txL,' !aKEEP=FÀI,SE; ßlrÀIT=EALSÊ; !aRECT=O t2BA,4BO,255ìName NJEVÀC NJEVÀC
Execute ,techo Gv (NJEVAC) > sJg" laTypE=EXE;Name 1 counterlo
Yes loop1o

HYPOTI{ESIS : j 8_done
INFERENCE PRIoRITY : 1

NÀì4E :

CONDITIONS:
Sho!¡ "/home/agyare/txt/ja.txtI GKEEP=FÀj,SEiCr,ùAIT=FÀLSE;ßRECT=0,28At48A,25¿¡Execute 'recho !av(NJPoL) > sJA't GTypE=EXE;
Name 1 counter?
Yes loop?

HYPOTHESIS : ja_done



Ï\F'ERENCE PRIORTTY : 1

NÀì{E :

CONDITlONS i

Nàme JEVÀC JEVÀC
HYPOTHESIS: .loop10
ÀCTIONS:

ExecuEe "echo €V(JEVÀC) >> sJ8" !4TypE=EXEt
Do coì.lnterlo+l counterlo
ReseL JEVAC
Rêset 1oop10

I¡]FERENCE PRICRITY : 1

NÀ.l.lE I

CONDITIONS:
t ("ounterl0-NJEVÀC) 0

HYPOTHESTS : IoopIO
INFER¡NCE PRTORITY : 1

NÀI'IE :

CONDITIONS I

Name
(counterll-NSTAG) 0
SSAGE SSÀ6E

IIYPOTHESIS : Ioop11
ÀCTIONS:

Execuee "echo !ôV(SSÀcÊ) >> sDP', STypE=ÐXE;
Do counÈet11+l counterll
Reset SSÀGE
Reset. .loop11

INFERENCE PRIORITY : 1
NÀ.ME :

CONDITIONS:
> (cour-cerl 1*NSTAG) 0

HYPOTITESIS: foop1l
iNFERENCE PRIORITY : 1

NA}4E :

CONDTTIONS:

NaTnê PERCÐNTPP PERCENTPP
HYPOTHESIS : Ioop12

ExecuEe I'echo €V(PERCENTPP) >> spc" lqTypE=EXE,
Do counr-er12+1 counterl2
Reset PERCENTPP
Reser- Ioop12

INFERENCE PRiORITY : 1
NÀYE :

CONDIT]ONS:
> (countêr12-NsTÀc) 0

HYPOTHESIS : Ioop12
INFERENCE PRIORITY : 1

NÀME :

CONDIlTONS :

Name PERCENTD PERCENTD
HYPOTHESIS : Ioopl3
ÀCTIONS:

Execute rrecho ßV(PERCEñTD) >> sDD,' .aTypE=EXE;
Do counterl3l1 counterl3
REset PERCENTD
Reset loop13

INFERENCE PRIORITY : 1
N.ql'lE :

CONDTTIONS:
> (counLerl3-NSTAG) 0

HYPoTHESIS : Ioop13
INFEREÑCE PRiORITY : 1

NÀI'ÍE :



CONDIIiONS:

Yês df_done
Name I councerll
Yes loop L I
Yes pcdd_done

ÌIYPOTHESfS : loop3
ACTIO¡JS :

Do counte¡3+1 counter3
ReseE IT
Rêset NSTÀG
Reset df_done

Reset pcdd_done

INFERENCE PRIORITY | 1
NÀÌ'18 :

CONDITIONS:
) (counte¡3-NoDF) 0

HYPOTHESIS I loop3
INFER.ENCE PRIORITY : 1

NÀ'IE :

CONDTTIONS:

Nâme JDCT JICT
Name TITDC TITDC
Nåme POLI'1ÀX POLMÀX
Name PRFì'Í.AX PRFMÀX

HYPOTHESIS : Ioop4
ÀcTfoNs:

Execute "echo !ôV (,'DCT) .ÂV(TtTDC) !ôV (polì,fÀX) !aV (pR¡MÀX) >> sDC', eTypE=EXE;Do coun¿er4 +1 count ea4
Reset JDCT
Rêset, TTTDC
ReseÈ POLl.lÀX
ReseT PR¡MÀX
Reset foop4

]NFERENCE PRIORITY : 1
NÀ.I.IE :

CONDfTIONS:
) (count.e!4-N0Dc) 0

IIYPOTHESIS: loop4
IN¡.ERENCE PRÍORTTY : 1

CONDITIONS:

Yes cirt_done
HYPOÎHESIS: loop5
ACTIONS :

Do counterstl counter5
Reset JDR
ReseT DTITLE
Reset REFFLD
Reset POT,ELV
ResêI PROELV
ReseI EVCELV

Reset
Reset

.Loop11
loop3

test'L

test3
d!t_done
loop5

Reset

Reset

Re s e1r

INFERENCE PRIORITY : 1
NAÌ'ÍE :

CoNDrrroNS:
> (coun¡et5-NoDR) 0



IIYPOTIiESIS: loop5
iN.qERENCE PRIoRiTY : 1

NÀ],IE :

CONDITICNS i

Namê J?OL .,'?OL
HYPOTHESIS i loop 6
ÀC!IONS:

Execute rrecho ßV(JPO!) >> sJ3', €TypE=EXE;
Ðo counter6+1 counte!6
Reset JPOL
Reset loop6

INEERENCE PRIORITY : 1
NÀIÍE :

CONDTTIONS:
> (counterS-NJPOL) 0

HYPoTHESIS : loop 6

INFERENCE PRIORITY : 1

NAI'IE :

CONDITIONS:

Nane DPOL DPOL
HYPOTHESIS : IoopT
ACTIONS:

Execute "echo GV(DPoL) >> sJA" !ôTyps=EXE;
Do counterT+1 counterT
Rese[ DPOf,
Reset loopT

INFERENCE PRIORITY : 1
NÀÌ{E :

CONDITIONS:
> (counterT-NJPOL) 0

HYPOTHESIS : loop?
INFERENCE PRIORITY : 1

NÀ.I'fE :

CONDITIONS:

NaTÂe JPRE J?RF
HYPOTHESIS : loopS
ACTIONS:

Execute I'echo çaV(JPRF) >> sJ5rr GTYPE=EXE;
Do counter8+l counterS
Reset JPR¡
Reset ]oopS

INFERSNCE PRIORIÎY : 1
NÀY]¡ :

CONDI?IONS:
> {counterS-NJPRF) 0

HYPOlfiESIS I LoopS
INFERENCE PR]ORITY : 1

NÀl'.G :

CONDIlIONS:

NAME DPRP DPRF
HYPOTHESIS : Ioop9
ÀCTIONS:

Execute 'recho €V(DPRF) >> s,J6r' !QTYPE=EXE;
Do counter9+1 counterg
ReseL DPRF
Reset loop9

INEERENCE PRIORITY : I
NÀME :

CONDITIONS I

> (counter9-NJPRF) 0
HYPOTHESIS : loop9

INFERENCE PRIORITY : 1



NÀ.\18 :

CONDTTIONS :

ls pcdd TTDIRECT DÀJ.jAGE VÀLUES,'
sho!/ "/hor.e/agyare/txr/damage,txE.,, GKE¿p=FÀLs¿iß.,,1Àrr=¡ÀLSÐr3a.Ec:=0,28a,48C,2aaName i IDF
Execute "echo ßV(IDF) >> sDF', GTypE=EXE,
Name 1 counterl3
Yes loopl3

HYPOîHES:S : pcdd_done
INFER¡NCE PRIORITY : 1

NÀUE :

CONDITIONS:
Is pcdd "PERCENT DAtfÀcE VÀ:UES.'
Show rrlhomê/ãgyare/txt/percenc.txt,' 

€KEEP=FÀLSE;ßtIÀÌT=FÀLSETGRECT=O,2BA,4BAt25aName 0 IDF
Execute "êcho !ôV(IDF) >> sDF" ßTYPE=EXE,
Nêmê 1 counterl2
Yes foopt2

HYPOTHESIS : pcdd_done
INFERENCE PRIORTTY : 1

NfuYE :

CONDITfONS:
IS IPRNTV IISUPPRESS DÀ.ÈIREÀCH/ DÀI,Í¡N PRINTOUTÍ

HYPoTtiESIS: prinLoutl_done
ÀcrtoNS:

Do 4 IPRNT
INFERENCE PRIORITY : 1

NÀüE :

CONDITTONS:
Is IPRr\Tv ,,NORMÀL PRIN?oU? FOR ÀLL DÀ],íREACHESÍ

HYPOTHESIS: printoutl_done
ÀCTIONS:

Do O IPRN?
INFERENCE PRIORITY : 1

NÀ¡YE :

CONDITTONS:
Is IPRNTV ,'SUPPRESS STRUCTUR_E PRINTOUT'I

HYPOTHESIS : printoutL_cione
ACTIONS:

Do 1 IPRNT
TNFERENCE PRIORIÎY : 1

CONDITIONS:
IS fPRNTv IISUPPRESS DÀ.¡IFUNCTToÑ PRINToUT.'

HYPoTHESIS : prj.ntout 1_done
ÀCTIONS:

Do 2 IPRa\T
]NFERENCE PRIORITY : 1

NÀì'IE :
COND]TIONS:

IS IPTìNTV I'SUPPRESS DÀì.IFUNCTIoN & sTRUc? PRINToUTÍ
HYPOTHESIS : p¡intout 1_done
ÀcTtoNs:

Do 3 ]PRNT
INFÐRENCE PRIORITY : 1

NÀI'fE :

CONDITIONS:
Yes prlntout l_done

HYPOTHESIS: pri¡¡tout_done
ÀcÎtoNs:

Show "/home/agyare/txt/printouL,txt" GKEEP=FALSE;.t¡ÀIT=FÀLSE;GR¡CT=O,2AAt4BAt255i
INFERENCE PR]ORITY : 1

NÀYE :

CONDITIONS:
Is IPOLV rrÀLL STRUCTURES T0 DESrc. FLOOD LEVEL"

HYPoTHESIS: r_Ll_done



ÀcTro¡ls :

Do 1 IPOL
Do j3_done j 3_done

INFERSNCE PRÌOR.ITY : 1
¡i¡ùïE :

CONDIlIONS:
Is IPOLV r'ÀLL STRUCTURES 9JITHIN DÀyCÀ?r

HYPO?HESIS i rt1 done
ÀCTTONS:

Do 3 IPOL
D^ il ¡^rê :r clonê
Do ja_done ja_done

INEERENCE PRIORIÎY : I
NÀYE :

CONDITIONS:
Is IPOl,v '|NEI.I STRUCTS TO DESIG, FLOOD LEVEL,T

HYPO?HESIS: r_t 1_cione
ÀcTroNs:

Do 2 TPOL
Do j3_done j3_done
Do jâ_done ja_done

INFERENCE PRfOR]TY i 1
NÀ.},IE :

CONDITIONS:
ls lPol,v ÍONLY NEW STRUCT{JRES VTITHIN DÀMCÀT,I

HYPOTHÐSIS : r_t 1_done
ACT]ONS:

Do 4 IpoL
Do j 3_done j 3_done

INFERENCE PRIORITY : 1
NÀME :

CONDITIONS:
Yes r_t_done

HYPOTHESIS : !_t_t_done
ÀCTIONS:

Show "/home/agyare/txt/r t1 done.txt', CKEEP=FALSE;€UÀÌT=FAISE;OF€CT=o,280,Do r_L1_done r cI done
Lo tesc i Eesti

INFER¡NCE PRIORITY : I
NA.}18 :

CONDITIONS:
No r_t._done

¡1YPOTHESIS: r_t_t_done
ÀCTIONS:

Do 0 IPOL
Do O POLELV

TNFERENCE PRIORIÎY : 1
NÀI"ÍE :

CONDITIONS:
Yes grass
Yês t itle_done
Yes analys is_done
Yes dmgfns_done
Yes dss_done
Yes gosid

HYPOTHESIS : sid_done
ÀclroNs:

UnIoadKB rìlhome /agyâ rêlnew/s id. ckb" !Q LEIEL=FÌIP EOUT;
l,oadKB "/honê/agya!e/new/eead.ckbr GIEVEL=ENABLE;
Ðo ead_done ead done

]NFERENCE PRIORITY : I
N¡IME :

CONDITIONS:
fs IEVACV ''ÀTL STRUCTS ITITH ZERO.ELEV BELo?J sPEcI'

HYPOTHESIS : stÍ re.Iocl. done
ÀCTIONS:



Do 3 IÐVÀC
Do j 8_done j B_done

INFÍRENC9 PRIOR]?Y : L

NÄI,18 :

CONDIT]ONS:
Is IEVACV I'NEt"l STRUCTS ?IITH REF.ELEV BE!O,/¿ S?EC,I

HYPoTHESIS: s L ¡_.el-ocl_done
ÀCTIONS:

Do 2 IEVAC
Do j8_done j 8_done

]NFERENC: PRIORIîY : 1

NI\HE :

CONDITTONS:
Is TEVACV IIÀL], STRIJCTS ;{ITH RIF.ELEV BELoI,I sPEc.T

HYPOTHESIS : s c r_re Ioc l_do¡]e
ÀCTIONS:

Do 1 IEVÀC
Do j 8_done j 8_done

INFERENCE PRIoRÍTY : 1

NÀüE :

CONDITIONS:
Is TEVÀCV IINEW SIRUCÍS I,]IIH ZERO,ELEV BELoI.I sPEc.II

HYPOTHESIS : s¿!_re.loc1_done
ÀCTIONS:

Do 4 IEVÀC
Do j 8_done j 8_done

]NFERENCÐ PRIOR,IIY : 1
NÀ.I.1E :

CONDTTTONS:
Yes str_reloc2_done

HYPOTHESIS : sLa reLoc done
ÀcTroNs:

Sho'¡ tt/h,oÃe/agyate/txtlstr_reloc_done.txt', 
G KEEP=FÀLS E; eÍfÀtT=FALS E; € R_ECT= ODo str_reÌoc1_done str_relocl_done

Do test3 test3
INFERENCE PRIORÍTY | 1

NJ\ME :

CONDITIONS:
No str_reLoc2_done

HYPOTHESIS : st¡_.eIoc_done
ACTIONS:

Do O ]EVAC
Do O EVCELV

IN¡'ERENCE PRIORITY : 1
NÀME :

CONDITIONS I

= IPOL 3
HYPOTHESIS : IesI1
ÀcîroNs:

Do O POTELV
INFERENCE PRIORITY : 1

NÀ}fE :

CONDITIONS I

= lPoL 4
HYPOTHESIS : test 1
ÀCTIONS:

Do 0 POLELV
INFERENCE PRIORITY : 1

NÀME :

CONDITIONS:
= IPOI, 2

HYPOTHESIS : testl

Do POLELV POLELV
INFERENCE PRIORITY | 1

NÀME :



CONDIî¡ONS i

HYPOTHES IS : tesÈ 1

ÀCTTONS:
Do POLELV ?OLEI,V

INFER-ENCE PR]ORI]Y :
NÀYE :

COND]TTONS I

= lPoL 0
HYPOTHESIS: Lêst 1

ACTIONS:
Do O POLELV

INFERENCE PRIoRITY i
N¡I'18 :

CONDITIONS:
= IPROF O

HYPOTHESIS : test2
ACTfONS:

Do O PROEI,V
ÍNFERENCE PRIORITY:

NAME :

CONDITIONS:
= IPROF 3

HYPOTHESTS : Test2
ACTIONS:

Do O PROELV

NÀì'fE :

CONDITIONS:
_ IPROF 2

HYPOTHESIS : test2
ACTIONS:

Do PROEJ,V PROELV
INFERENCE PRIORITY :

NÀ.I'IE :

CONDIT]ONS:
- ]PROF 1

HYPOTHESIS : t,est2
ACTIONS:

Do PROELV PROELV
INFERENCE PRIORITY :

NÀì.18 :

CONDITIONS:
: IPROF 4

HYPOTHESIS : !est2
ÀCTIONS:

Do O PROELV
INFERENCE PRIORITY ;

NÀME :

CONDITIONS:

HYPOTHESIS : test3
ACTIONS:

Do O EVCELV
INFERENCE PRIORITY :

NÀÌ.fE :

CONDIT]ONS :

= IEVÀC 4
HYPOTHESIS : TesT3
ACTIONS:

DO EVCELV EVCEI,V
INFERENCE PRIORITY

NÀME :

CONDITIONS:

HYPOTHESIS : IesT3



ACTIONS:
DO EVCELV EVCELV

INFERENCE PRIORITY : 1

NÀÌ.IE :

CONDTlIONS:
= IEVÀC 2

HYPOTHESIS: test3
ACTiONS:

Do EVCELV EVCEIV
ÍNFERENCE PRIORITY : 1

CONDITIONS:

HYPOTHESIS : tesL3
ÀCTIONS:

Do EVCELV EVCELV
INFERENCE PRTORITY : 1

NA.IE I

CONDITfONS:
Show "/hone/agyare/txr/sid1OO.txt" !ôKEEP=FÀLSE; !HAIT=FALSE; ßRECT=o, ZBO,d.BAt45a;Nåme TTT],E IITI,E

HYPOTHESIS : title done
.qc:roNs :

EXECUIE STYPE=EXE;
EXECUTE I'EChO 'TT 'GV{TITI,E) > STT'' ßTYPE=EXE,

INFERENCE PRIORITY : 1
NÄI'18 :



APPENDILBz RULES FOR EAD CONSULTATIO¡{,



CONDITIOT]S :

Name eNCÀT eNCÀT
Execui.e ,,echo 3V(eNCÀT) > eCN,, cTypE=EXE;
Nåme I count2
Yês IP2

HYPCTHESTS : darûcat._done
INFERENCE PR]ORTTY : 1

NAME :

CONDITIONS:
Yes tiÈle_done_eâd
Yes period_done
Yes damcat_cione
Yes p lan_done
Yes reach_done
Yes eFR_donê
Yes stagedam_done
Yes prj-¡¡tout_donê
Yes show flood

HYPOTHESIS : ead_ãoûe
INFERENCE PRIoRITY : 1

CONDITIONS I

ls eFR ùEXCEEDÀNCE-FREQUENCY VÀLUES,'
HYPOTHES IS i eFR_done
ACTIONS:

Do êNFR021 eNFRQ2l
Do êNFR021 eNFRQ2
Do eNFR021 êNFROI
ExecuLe fecho lav(eNFRQl) > eFR¡ GTYPE=EXE;
Do 1 counts
Do rp5 lp5
Do eFRDÀì,1_done eFRDÀl"f done

INFERENCE PRIORITY : I
NÀ}'! :

CONDIIlONS I

Is eFR IISINGLE FLoI^¡ VAI,UESI'
HYPOTHESIS : eER_done
ACTIONS:

Do eNPRQI eNFRQI
Do eNFRol eNFRo2
Execute .4V(êNFRQ1) > eÍR" .ôTYPE=EXE;
Do eFRDÀ¡t_done eFR¡ÀM done

INFERENCE PRIORITY : L

NAUE :

CONDITfONS:
Is ef RDÀ-t'f 1_done ÍFLOW VÀLUÊS,I

HYPOTHÐSIS : eFRDÀI'I_done
ÀCTIONS:

Do 1 count 6
Do Ip6 lp6

INFERTNCE PRIORITY : 1
NÀME :

CONDITIONS:
Is eFRDÀl't1 done rSTÀcE VAI,UES,I

HYPOTHESIS : eFRDÀV ãone
ÀCTIONS:

Do 1 count?
Do Ip? 1p7

I¡¡FERENCE PRIORITY : 1
NÀME :

CONDITIONS;

Name eIDYRS eIDYRS
HYPOTHESTS : Ip1
ÀclIONS:



Execute "echo GV(eIDYRS) >> eDY" laTYpE=¡XEi
Do count l+L ccu.ltl

ReseE Ip1
iNFERENCE PRIOF.ITY : 1

NÀì.iE :

COND]TIONS:
> (count 1-eNHIS ) 0

HYPO?HES r.-S : lpl
INFERENCE PRTORITY : 1

NÀI'IE :

CONDITTONS:

Nême eNMCAT eNMCÀT
HYPOTHESIS: Ip2
ACTIONS:

ExecuLe rrecho 
!QV (eNMCÀÎ) >> eCN" !ôTYpE=EXE;

DO count2+l count2
ReseL eM.tCÀT
Reset Ip2

]NFERENCE PRTORITY : 1

NA'fE :

CONDITIONS:
> (count2-eNcAT) 0

HYPOTHESIS : lp2
INFERENCE PRIORITY : 1

NÀME :

CONDITfONS I

Nane êM'fP LN eNMPLN
HYPOTHESIS : .Ip3
ÀcTroNs:

Execute t'echo ßV{eNMPLN) >> ep¡¡,' !4TypE=EXE;
Do count3+1 count3
Reset eNMPI,N
Reset 1p3

INFER.ENCE PRIORITY : 1
N¡ì],fE :

CONDITIONS:
> (count3-eIPLNN) 0

HYPOTHESIS I Ip3

NÀI'IE :

CONDITIONS:
> (count4-elRcH) 0

HYPOTHESIS : Ip4
]NFERENCE PRIORTTY : 1

NÀME :

CONDTlTONS:

Name eMfRCH eNl,fRCH
HYPOTIIESIS : lp4
AC?IONS:

Execute rrecho GV (eNI'IRCH) >> eRN" !ôTYPE-EXE;
Do countA.t1 count4
Rese! eNì'IRCH
Reset Ip4

INFERENCE PRIORITY : 1

NÀ.Ì'lE :

CONDITIONS:

Name eFREo2 eFREQ2
HYPOTHESIS : lp5
ACTIONS:

Execìlte I'echo GV{êFREQ2) >> eFR" ßTYPE=EXE;
Do coun¿5+1 counts



Reset Ip5
INFEF,Ë}ICE PF,IOS,ITY : i

NÀ-}IE:
COND:TIONS :

> (counEs-eNFRQ2 ) 0
I1YPOTligSlS I Ip5

INFEF.INCE PRIORITY : 1
NÐ'18 :

CONDIîIO¡IS :

ñôme ePFRo1 ePFP,o1
HYPOTHESIS : lp6
ÀCTIONS:

Execute rrecho GV(ePFR01) >> eoF" !4TypE=EXE;
Do count 6+1 count 6
Reset êPFRQI

INFERENCE PRIoRITY : 1

NÀI'IE :

CONDIT]ONS i
> (count6-eNFRol) 0

HYPOTHESIS : Ip6
INFERENCE PR]ORITY : 1

NÀME :

CONDITIONS:

Name êPFRQ2 ePFRQ2
HYPoTHESIS : lp?
ÀCTIONS:

Execute rrecho !ÂV(ePFRoz) >> eQF" ßTYPE=EXE;
Do countT+1 count?

Reset Ip?
INFERENCE PRIORITY I 1

NÀ.ÈfE :

CONDITTONS I

> (count?-eNFRQ2) 0
HYPOTHESIS : lp7

INFERENCE PRIORITY : 1
NÀÌ'ÍE :

CONDITIONS:
Nême eIPOÀ êIPOÀ
Nane eISTDYR êISTDYR
Nàme eIBASYR e IBÀSYR
NåME EIDOIYR E IÐOLYR
Yes period3_done
Name eRåTE êRÀTE
Name êCPII eCPLI

HYPOTHESIS: period2_done
INFERENCE PRIORITY : 1

NAME :

CONDITTONS:
Name eNHIS êNHIS
Execute rrecho ßV(eNHIS) > DYrt €TYPE-EXE;
Nane L countl
Yes Ip1

HYPOTHESIS: period3_done
INFERENCE PRIORITY : I

NÀME :

CONÐITIONS:
Yes periodl_done

HYPOTHESIS: period_done
ACTIONS:

Do períod2_done period2_done
Execute I'echo GV(eIPoA) €V(eISTDYR) ßV(eIBÀSYR) !V(eIDoIYR) !V(eNHlS) > eJ1,'



Execute rlecho ßV(eRÀTE) !4V(eCPLi) > e.]l2" 3:YP5=êXE;
I¡IFÐR8¡ICE PRIoRITY : I

ì.JÀì.18 :

COND:TIONS:
No pe¡iod1_done

HYPoÎHÐSIS i pe r íod_done
INFERENCE PRIORITY I T

NÀ.ME :

CONÐIfIONS:
Nalne eIPLNN eIPLNN
EXecuIe I'êcho GV(eIP],NN) > ePN', GTYPE=EXE;
Name 1 count3
Yes Ip3

HYPOTHESIS: plan_done
]NEERENCE PRIORTTY : 1

NÀI'IE :

CONDITIONS:
Is êJDGPRV I'NO OUTPUT SUPPRESSEDI

HYPOTHSS IS i p!intout_done
ÀCTIONS:

Do 0 eJDGPR
ExecuLe IIêcho GV(eJDGPR) > eP9'' GTYPE=EXE;

INFERENCE PRIORITY : 1

NAì.IE :

CONDfTI0NS I

IS EJDGPRV IISUPPRESS INPUT DÀTA PRINTOUTÍ
HYPOTHESiS: printout_done
ÀCTIONS:

Do 1 eJDGPR
Execute rrecho GV(eJÐGPR) > ePP,' oTYPE=EXe;

INFERENCE PR]OR]TY : I
NÀI{E :

CONDTTIONS:
Is eJDGPRV 'ISUPPRESS COMPUTED FLOÍI/STAGE PRINTOUTI'

HYPOTIiESIS: printouL_doûe
ÀCTIONS:

Do 2 e,JDGPR
Execute "echo 8V(e,JÐGPR) > ePP,' ßTYPE=EXE;

INFERENCE PRIORITY : 1
NAÌ'IE :

CONDITIONS:
IS EJDGPRV IISUPPR-ESS COMPUîED E.À.D. PRINTOUTN

HYPOTHESfS: p¡intout_done
ÀCTIoNS I

Do 4 êJDGPR
EXECUIE IIEChO GV(EJÐGPR) > EPP'' IQTYPE=EXE;

INFERENCE PRIORITY : 1

CONDITIONS:
IS EJDGPRV IISUPPRESS SUì'û'IÀRY BY R.EÀCH PRINTOUTI'

HYPOTHESIS: printout_done
ÀCTIONS:

Do 16 eJDGPR
EXECUIE I'EChO GV(EJDGPR) > EPP' ßTYPE=EXE'

INFERENCE PRIORITY : 1
NÀME :

CONDITIONS:
Is eJDGPRV USUPPRESS GRÀND SI,M'ÍÀRY BY REÀCH PRINTOUTII

HYPOTHESIS: printout_done
ÀCTIONS:

Do 32 êJDGPR
Execute rrecho GV(eI'DGPR) > ePP,, GTYPE=EXE;

INFERENCE PRIORITY : 1

NÀME :

CONDITIONS:
I5 eJDGPRV IISUPPRESS À],I SLIMì'IARY PRINTOUTÍ



HYPOTHESTS: prinLouL_done
,qcTloNs:

Do 64 êJDGPR
Execut.e rrecho ßV(eJDGPR) > ePP" CTYPE=lXE;

INFERENCE PRIORITY : t
N.ÈJ.IE i

CONDIÎIONS:
Namê etRcH e IRCH
Execute rrecho ßV(eIRCH) > êRN1' STYPE=EXE;
Nâne 1 countA
Yes lp4

HYPoTHESIS : reach_done
INFERENCE PRIORITY : 1

NÀI4E :

CONDITIONS:
Execute "/hÕme/agyare/G/Gshowrr !4TYPE=EXE;

HYPOTIIESlS : show_flood
INFERENCE PRIORITY : 1

NÀ}IE :

CONDIffONS:
NO eSTGDÀM

HYPOTHESfS i stagedam_done
ÍNFERENCE PR]ORIIY : 1

NÀME :

CONDITIONS:
Yes e S TGDÀì.I

HYPOTHESfS : st ãgedam_done
ÀCTIONS:

Show "/harne/agyare/txt/ead1.txt" ßKÊEP=FAT,SE;LeWÀIT=TRUE;GRECT=o¡28C,480,255;
Éxecute "cp ,/home/agyare/ne!¡/SsDDM /home /agya re,/ne!v /e S DDM,, €TYPE=EXE;
Execute "textedi¡ -wp 0 660 -û.ts 485 200 esDDM,' GTYPE=EXEi

INFÐRENCE PRIORITY : 1

N¡\I'ÍE :

CONDITIONS:
Show "/horûe/agyare/txt/eåd100.txtrr @KEEp=FÀtSE;ßÞ¡ÀIT=FÀLSE;GR_ECT=0/280,480,400t
Nâme eTITLE eTITLE

HYPOTHESIS : title done ead
ACTIONS:

Execute GTYPE=EXE;
Execute j|echo ,TT, GV(eTITLE) > eTT I !ÂTYPE=EXE;

INFERENCE PRIORITY : 1

NÀME :



APPENDIX C_: FORTRAN PROGRAIIS



APPENDIXCl: F.ORM
FORMATTING SID FILES.



C

c
C

CHARACTER*6 JPOL
0PEN(1,FILE='fi1e1')
0PEN (2 , FILE= ' result 10 . s' )
OPEN (3, FTLE=,SJ1, )
OPEN (4, FILE=,SJ2,)
c
C for J1 required record
READ (3, *) ]POL, IPROF , IEVAC , TPRNT
IIRITE (2 , 1O) IPOL, IPROF , IEVAC , IPRNT

1O FORMAT('J1"I6,I8,I8,8X,I8)

C for J2 required record
READ (4, *, ) N0DF, NODC, NODR, ACG
I'¡RITE (2, 15)NODF, NODC,NODR,AGG

15 FoRMAT(' J2 ' ,16,18,I8, F8. 1)
99 END

DIMENSION DPOL ( 1O)
CHARACTER*10 LINE, PTER
oPEN(1,FILE='fitel')
OPEN(2,FlLE=' resuIt1, s, )
OPEN(3, FILE='sJA')
PTER= r sJA '
DO HHTLE (L]NE .NE. PTER)

READ ( 1,'., END=30) L]NE
END DO

closE ( 1)
IF (LINE. EQ . PTER) THEN

READ(3,*)NJPOL
D0 20 I= 1 , NJPOL

READ (3, X, END=30) DPOL (I)
20 CONT]NUE
ttRITE(2, 40) (DPoL(I), I=1,NJP0L)
40 FI]RMAT ( ' JA ,, 6X, 6F8 . 1)

ENDTF
30 M=1
99 END

DTMENS]ON JPRF ( 1O)
CHARACTER*10 LINE, PTER
CHARACTER*7 JPRF
0PEN ( 1, FILE= ' filel' )
0PEN(2,FILE=, result2. s, )
0PEN (3 , FILE= , sJ5, )



D'TED-'^TÉ)

DO I.IHILE (L]NE . NE . PTER)
READ ( 1,'K, END=30) LINE

END DO
CLOSE ( 1)

IF (LTNE, EQ. PTER)THEN
READ (3 , *) NJPRF
D0 20 I= 1 , NJPRF

READ (3, *, END=30 ) JPRF (I)
20 CONT]NUE
HR]TE(2,40)NJPRF, ( JPRF(I), ]=1,NJPRF)
40 FORMAT( ' J5' ,16,6A8)

ENDIF
30 M=1
99 END

DIMENSION JPOL(10)
CHARACTER*10 L]NE, PTER
CHARACTER*6 JPOL
OPEN ( 1, FILE='fiIC1' )
0PEN (2, FILE='result33 . s,)
OPEN(3, FILE= , sJ3, )
D.tEÞ-)^ r?,

DO I,IHILE (LINE .NE. PTER)
READ(l,x,s¡P=30)LINE

END DO
closE ( 1)

IF (L]NE. EQ . PTER)THEN
READ (3, *) NJPOL
D0 20 I=1,NJPOL

READ (3, *, END=30 ) JPSL(I)
20 CONTÏNUE
!¡RrTE(2,40)NJP0L, (JPOL(r), r=1,NJpOL)
40 FORMAT( ' J3 ,, 16,6A8)

ENDTF
30 M=1
99 END

DTMENSION DPRF ( 1O )
CHARACTER*10 LINE, PTER
oPEN ( 1, FILE=,fí1e1, )
OPEN(2,FILE=' resu1t3. s, )
OPEN(3,F]LE=,sJ6,)
PTER='sJ6'
DO l,lHTLE (LINE ,NE. PTER)

READ ( 1, *, END=30 ) LINE



END DO

CLOSE ( 1)
IF (L]NE . EQ . PTER) THEN

READ (3 , *) NJPRF
D0 20 I=1,NJPRF

READ (3, 
'., 

END=30) DPRF(I)
20 CONTINUE
t¡RlrE(2,40) (DPRF(I), I=1,NJPRF)
40 F0RMAT('J6"6X,6F8.1)

ENDTF
30 M=1
99 END

CHARACTER*10 ZWI ,ZI]2 ,Z\13
OPEN(1,FILE='sSDDM')
0PEN(2, FILE='result5 . s,)
READ ( 1, *, END= 30) ZW 7,Zll2,z\t3
lrRrTE ( 2,40) Zr'¡r ,ZW2 ,ZW3

40 FORMAT('2H"A14,A8,A16)
30 M=l
99 END

DTMENSToN rT ( 100),NSTAG ( 100), tDF ( 100), rsAcE(200, 200)
DTMENSION TPERCENT(200, 2OO), IPERCENTX(2OO),ISAGEX(2OO)
DIMENSION IDAMAGE(2OO,2OO), IDAMAGEX(2OO)
0PEN(1,FILE='sJ2')
OPEN (2,FILË='result6 . s')
0PEN (3 , FILE= ' sDF ' )
OPEN (4, FILE= ' sDP' )
oPEN(5, FILE=, sPc, )
OPEN(6,FILE=, sDD,)
C

READ(1,x)NoDF
rF (NoDF . EQ . 1) THEN
G0 T0 55
ENDIF
cLOsE ( 1)

D0 20 I=1,NoDF
READ(3,*) IT(I)
READ(3,*) NSTAG ( I )
READ(3,*) IDF(])
I.IRTTE(2,30) TT(]), NSTAG (]), IDF (T)

30 FORMAT('DF,,3X,13,18,7X,I1)
READ(4, f ) (TSAGE(I, J), ¡=T,NSTAG(]) )

lrRiTE(2,31) (ISAGE(I, J), J=1,NSTAG(r) )
31 . FORMAT('Dp"16,9(18) ,/,'Dp" I6,9(IS))
rF(rDF(r) ,EQ.o)THEN



JJJ
ENDIF
20

C

55

130

READ(5, *) (IPERcENT(I, J), J=1,NSTAc(I) )
I.JRITE(2,32) (IPERCENT(I, J) , J=1,NSTAG(I) )32 FORMAT( 'pC" 16,9(r8) ,/,'pC" r6,9(r8))

ELSE
READ(6, *) (IDAMAGE(I, J), J=1,NSTAG(I) )
WRITE(2,333) (IDAMAGE(r, J) , J=1 ,NSTAG (I) )
F0RMAT('DD,, r6,9(r8), /,'DD" r6,e(rs) )

CONTINUE
G0 T0 999

closE ( 1)
READ(3,*) ITX
READ(3,*) NSTAGX
READ(3, *) IDFX
WRITE (2, 130) ITX , NSTAGX, TDFX
FORMAT('PP,, 3X, 13, 18,7X, I1)
READ(4, *) (TSAGEX(J), J=1,NSTAGX)

HRIrE (2, 131) (ISAGEX(J) , J=1 ,NSTAGX)
131 FORMAT('DP',I6,9(I8) ,/,'DP" I6, 9 (I8) )
READ (3 , *) CODE
]F(]DFX.EQ.O)THEN

READ (s, x) (IPERCENTX ( J), J=1, NSTAGX)
I,¡RITE(2, 132) (IPERCENTX(J), J=1,NSTAGX)

t32 FORMAT('pC" I6,9(18) ,/,'pC" I6,9(18))
ELSE

READ (6, *.) (IDAMAGEX (J), J=1, NSTAGX)
I'IRITE(2,444) (lDAÌ'lAcEx ( J), J=1, NSTAGX)

444 F0RMAT('DD,,r6,9(t8),/,'DD"I6,9(IS))
ENDIF

999 END

DIMENSION JDCT( 1OO), TITDC (1OO), POLMAX( 1OO), PRFMAX ( 1OO)
CHARACTER*7 JDCT
CHARACTER*23 T]TDC
OPEN ( 1 , FILE= , sDC, )
0PEN (2,FILE=,result7. s, )
C

READ ( 1, *) NODC
wrlte(x,*)'hel.Lo'

D0 20 I=1 , N0Dc

30
20
99

READ ( 1, x) JDcT ( I ), TITDC ( I ), PSLMAX (I ), PRFMA* (I )
HRITE (2, 30 ) JDCT ( r ), PoLMAX ( r ), PRFMAX ( r ), rrTDC ( r)
FORMAT( ' DC' ,6X, A8, F8. 1, F8. 1, A32)

CONTINUE
END



APPENDIX*ù INPUT AND OITPTJT_FILES
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TT
J1
J2

zvt
DF
DP
DP
DP
PC
PC
DP
DF
DP
DP
DP
PC
PC
DP

DC

DR
DT
SL
SD
òL
SD

SL
SD
SL
SD

SD
SL
SD
SL
SD

SL
SD

SD
SL
SD
¡L
SD

TEST 1 - EX]ST]NG CONDIT]ONS
010
2 2 1 4.0
7 CAT2

A=vin E=1992
HR1 20

012
9 10 11

18 19
018

30 32 36
60 63

HR2 20
012
I 10 11

18 19
0423

55 55 58
100 100

CATl
CAT2

7 705.4 0.0 787 .4 0.0
DAMAGE-REACH_ONE

EAST-OF-DYKE
I,IEST-OF-DYKE

705.0

787
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

784
EAST-OF.DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

787
EAST-OF-DYKE

¡=plan1

3
I2

I4
47

J
72

óz
C¡J

8
77

29
57

8
77

55
a7

7
16

28
54

7
_Lb

456
13 t4 15

18 22 25
45 48 51

+þb
13 74 15

38 45 50
65 72 77

705

705

705

705

705

705

705

705

705

705

705

óz

r 2 5500423 630950
r 2 cATl HR2 50
1 3 5500396 630949
1 3 CAT1 HR2 50
I 4 5500373 630949
t 4 cATl HR2 50
I 5 5500367, 630973
I 5 CAT1 HR2 50
L 6 5500343 630946
L 6 CAT1 HR2 50

7 5500360 630921
7 CAT1 HR2 50
8 5500082 632415
8 CAT1 HR2 50
9 5500080 632448
9 CAT1 HR2 50
10 5500080 632463
10 CAT1 HR2 50
11 5500110 632500
11 CAT1 HR2 50
12 5500044 632494
72 CAT1 HR2 50



TT
J1
J2
t?
JA
J5
zw
DF
DP
DP
DP
PC
PC
PC
DF
DP
DP
DP
PC
PC
PC
DC
DC
DR
DT
SL
SD

òU

SD
)L
SD
SL
SD
SL
SD

SD

SL
SD
ÞL
SD
SL
SD
SL
SD

TEST 2 - RAISING STRUCTURES TO A HEIGHT OF 3FT
3103
2 2 1 4.0 35
1 CAT1

1CAT2
A=ruin E= 1992

HR1 20
012
I 10 11

18 19
018

30 32 36
60 63

HR2 20
012
910 11

18 19
0423

55 55 58
100 100

CATl

p=p1an2

34

14 18
4t 45

34
12 13

32 38
63 65

7A
16 17

28 29
54 57

7a
16 t7

56
14 15

z ¿ zi)
48 51

5i)
14 15

45 50
72 77

t 705.4 0.0 787 .4
DAMAGE-REACH_ONE

EAST-OF-DYKE
l1lEST-OF-DYKE

0.0 705.0

'7^ç 70'7

EAST-OF-DYKE
705 787

EAST-OF-DYKE
705 784

EAST-OF-DYKE
7AÊ

EAST- OF-DYKE
.7^E

EAST-OF-DYKE
705 784

EAST-OF-DYKE
.7^E

EAST-OF-DYKE
705 787

EAST-OF-DYKE
705 784

EAST-OF-DYKE
JAE

EAST-OF-DYKE

2 5500423 6309 5 0
2 CATT HR2 50
3 5500396 630949
3 CAT1 HR2 50
4 5500373 630949
4 CAT1 HR2 50
5 5500367 630973
5 CAT1 HR2 50
6 5500343 630946
6 CAT1 HR2 50
7 5500360 630921
7 CAT1 HR2 50
8 5500082 632475
8 CAT1 HR2 50
9 5500080 632448
9 CAT1 HR2 50
10 5500080 632463
10 cATl HR2 50
11 5500110 632500
11 CAT1 HR2 50
12 5500044 632494
12 CAT1 HR2 50

FE CE

82 87

2

2

2

2

2

2

2

2

2

2

2787
EAST OF DYKE



TT
J1
J2

JA

'E
zll
DF
DP
DP
DP
PC
PC
PC
DF
DP
DP
DP
PC
PC
PC
DC

DC
DR
DT
SL
SD
SL
SD
SL
SD
)L
SD
SL
SD
SL
SD
JL
SD
SL
SD

SD
SL
SD
SL
SD

TEST 3 - RAIS]NG STRUCTURES TO A HEIGHT OF sFT
3103

4.0

F=plan3

34
72 13

74 18
41 45

34
12 13

20 âa

63 65

1 CAT1
5

T CAT2
A=r¿ in E= 19 92

HR1 20
012
9 10 11

18 19
018

ÖV Ô¿ JO
bU C'J

HR2 20
012
9 10 11

18 19
0423

trt ÊE Êo

100 100
CATl
CAT2

1 705.4 0.0
DAMAGE-REACH-ONE

567a
74 15 16 77

22 25 28 29
48 51 54 57

5678
14 15 16 77

45 50 53 55
72 77 a2 a7

2 5500423 630950
2 CAT| HR2 50
3 5500396 630949
3 ÇAT1 HR2 50
4 5500373 630949
4 CAT1 HR2 50
5 5500367 630973
5 CAT1 HR2 50
6 5500343 630946
6 CAT1 HR2 50
7 5500360 630921
7 CAT1 HR2 50
8 5500082 632415
8 CAT1 HR2 50
9 5500080 632448
9 CAT1 HR2 50
10 5500080 632463
10 CAT1 HR2 50
11 5500110 632500
11 CAT1 HR2 50
72 5500044 632494
12 CAT1 HR2 50

EAST-OF-DYKE
l.lEST-OF-DYKE

0.0 705.0

705 7A7
EAST-OF-DYKE

'7 
^È, 

'7 0'7

EAST-OF-DYKE
705 784

EAST-OF-DYKE
705 784

EAST-OF-DYKE
1AE JO'

EAST-OF-DYKE
-7^E JOt

EAST-OF-DYKE
705 784

EAST-OF-DYKE
705 787

EAST-OF-DYKE
'7^Ê '70 /1

EAST-OF-DYKE
705 7A7

EAST-OF-DYKE
705 787

EAST-OF-DYKE

787 .4

2

2

2

2

2

2

2

2

2

2

2



TT
J1
J2
J5
J6
7t,t

DF
DP
DP
DP
PC
PC
PC
DF
DP
DP
DP
PC
PC
PC
DC
DC
DR
DT

òL
SD

SD
SL
SD
SL
SD

SD
SL
SD
SL
SD
SL
SD
SL
SD
SL
SD

TEST 4 - FLOOD PROOFING OF STRUCTURES TO A HEIGHT OF 3FT
03
22
1CAT1

A=win
HR1 20

01
9 10

18 19
01

30 32
60 63

HR2 20
01
ô l^

18 19
04

55 55
100 100

CATl
CAT2

7 70s.4 0.0 787 .4 0.0
DAMAGE-REACH- ONE

03
t 4.0

E=7992 ¡=plan4

34
LZ IJ

74 18
41 45

34
12 13

32 38
63 65

2
11

8
Jt)

2
7L

58

5678
74 15 16 !7

22 25 28 29
48 51 54 57

5678
14 15 16 17

45 50 53 55
72 77 82 87

2 5500423 630950
2 CAT1 HR2 50
3 5500396 630949
3 CAT1 HR2 50
4 5500373 630949
4 CATI HR2 50
5 5500367 630973
5 CAT1 HR2 50
6 5500343 630946
6 CAT1 HR2 50
7 5500360 630921
7 CAT1 HR2 50
8 5500082 632415
8 CAT1 HR2 50
9 5500080 632448
9 CAT1 HR2 50
10 5500080 632463
10 CAT1 HR2 50
11 5500110 6325 0 0
11 CAT1 HR2 s0
12 5500044 632494
72 CATI HR2 50

EAST-OF-DYKE
LIEST-OF-DYKE

705.0

787
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

787
EAST-OF-DYKE

705

705

705

705

705

705

705

705

705

705

705

2

2

2

2

2

2

2

2

2

2



TT
J1
J2
J5
Jt'
ZW

DF
DP
DP
DP
PC
PC
PC
DF
DP
DP
DP
PC
PC

PC
DC
DC
DR
DT

SD

SD
SL
SD

SD

SD

SD
SL
SD
SL
SD
ùL
SD

SD

2
1 CAT1

TEST 5 - FLOOD PROOFING OF STRUCTURES TO A HEIGHT OF SFT
0303

4.0

F=plans
5

in E=7992
20
72345678

10 11 12 13 14 15 16 17
19
18 74 18 22 25 2A 2932 36 47 45 48 s1 54 55

bJ
20
r2345678

10 11 72 13 74 15 16 17
19
423323845505355

55 58 63 65 72 77 82 A7
100

A=r,¡
HR1

0
9

18
0

30
60

HR2
0
9

18
0

55
100

CAT 1
CAT2

t 705.4 0.0 787 .4
DAMAGE-REACH-ONE

EAST-OF-DYKE
IIEST-OF-DYKE

0.0 705.0

705 7e7
EAST-OF-DYKE

-7^Ê "' õ'7

EAST-OF-DYKE
'7 

^Ê 
'70 À

EAST-OF-DYKE
705 784

EAST-OF-DYKE
705 787

EAST-OF-DYKE
705 784

EAST-OF-DYKE
705 784

EAST-OF-DYKE
705 787

EAST-OF-DYKE
705 784

EAST-OF-DYKE
705 787

EAST-OF-DYKE
'7 

^Ê 
'7ö1

EAST-OF-DYKE

2 5500423 630950
2 CATI HR2 50
3 5500396 630949
3 CAT1 HR2 50
4 5500373 630949
4 CAT1 HR2 50
5 5500367 630973
5 CAT1 HR2 50
6 5500343 630946
6 CAT1 HR2 50
7 5500360 630921
7 CATT HR2 50
8 5500082 632415
8 CAT1 HR2 50
9 5s00080 632448
9 CAT1 HR2 50
10 5500080 632463
10 cATl HR2 50
11 5500110 632500
11 CAT1 HR2 50
72 5500044 632494
12 CAT1 HR2 50

2

2

2

2

2

2

2

2

2

2

2



TT
J1
J2
J5
J8
Z\I
DF
DP
DP
DP
PC

PC

DF
DP
DP
DP
PC
PC
PC
DC

DC
DR
DT
SL
SD

SL
SD

SD
SL
SD

SD

SD
SL
SD

SD
SL
SD

SL
SD

SD

1CAT2
1CAT1

A=r,¡ín E= 199 2
HR1 20

012
9 10 11

18 19
018

öv óz Jo
60 63

HR2 20
012
I1017

18 19
0423

5s 55 58
100 100

TEST 6 - RELOCAT]ON OF STRUCTURES
013

4.0

¡=plan6

CAT 1
CAT2

7 705.4 0.0 787 .4
DAMAGE_REACH_ONE

345678
12 13 74 15 16 17

t4 18 22 25 2A 29
47 45 48 51 54 57

345678
72 13 14 15 16 17

32 38 45 50 53 55
63 65 72 77 82 A7

2 5500423 630 9 50
2 CATT HR2 50
3 5500396 630949
3 CAT1 HR2 50
4 5500373 630949
4 CAT1 HR2 50
5 5500367 630973
5 CAT1 HR2 50
6 5500343 630946
6 CAT1 HR2 50
7 5500360 630921
7 CATT HR2 50
8 5500082 632415
8 CAT1 HR2 50
9 5500080 632448
9 CAT1 HR2 50
10 5500080 632463
10 cATl HR2 50
11 5500110 632500
11 CAT1 HR2 50
12 5500044 632494
T2 CAT1 HR2 50

EAST-OF-DYKE
HEST-OF-DYKE

754,0 705.0

705 787
EAST-OF-DYKE

705 787
EAST-OF-DYKE

705 784
EAST-OF-DYKE

705 784
EAST-OF-DYKE

705 787
EAST-OF-DYKE

705 784
EAST-OF-DYKE

705 784
EAST-OF-ÐYKE

705 787
EAST-OF-DYKE

705 784
EAST-OF-DYKE

705 787
EAST-OF-DYKE

705 787
EAST-OF-DYKE

2

2

2

2

2

2

2

2

2

2

2



TT
Jl-
J2
'E

ZW

DF
DP
DP
DP
PC
PC
PC
DF
DP
DP
DP
PC
PC
PC
DC

DC
DR
DT
SL
SD
SL
SD
SL
SD

SD

SD

)U
SL
SD

SD
SL
SD
òL
SD

TEST 7 - DYKING THE RED RIVER TO A HEIGHT OF 2OFT
01
¿z
1 CAT1

A=vin E=1992
HR1 20

01
9 10

18 19
01

30 32
60 63

HR2 20
01
I 10

18 19
04

EÊ EC

100 100
CATl
CAT2

7 705 .4 0.0 725.4 0.0
DAMAGE-REACH_ONE

t 2 5500423 630 9 50
7 2 CAT1 HR2 50
1 3 5500396 630949
1 3 CAT1 HR2 50
1 4 5500373 630949
1 4 CAT1 HR2 50
1 5 5500367 630973
1 5 CAT1 HR2 50
1 6 5500343 630946
1 6 CAT1 HR2 50
1 7 5500360 630921

0
7 4.0

p=p1an7

t4

22
48

5

234
11 12 13

814 18
36 47 45

234
11 12 13

23 32 38
58 63 65

705

705

705

705

705

705

705

705

705

705

705

678
15 16 1,7

25 28 29
51 54 57

678
15 16 17

50 53 55
77 82 87

7 CA17 HR2 50
8 s500082 632415
8 CAT1 HR2 50
9 5500080 632448
9 CAT1 HR2 50
10 5500080 632463

1 10 CAT1 HR2 50
1 11 5500110 632500
1 11 CATI HR2 50
t 12 5500044 6s2494
L 72 CAT1 HR2 50

45
72

EAST-OF-DYKE
l,lEST-OF-DYKE

705.0

787
EAST-OF-DYKE

7e7
EAST-OF-DYKE

784
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

784
EAST-OF-DYKE

787
EAST-OF-DYKE

7e7
EAST-OF-DYKE

2

2

2

2

2

2

2

2

2

2

2



TT TEST 8 - DYKTNG THE RED R]VER TO A HEIGHT OF 4OFT
J1 0 1 0 3
J2 2 2 L 4.0 35
J5 1 CAT 1

ZW A=win E=1992 p=plan8
DF HR1 20
DPo12345678
DP910 11 72 13 14 15 16 17
DP 18 19
PC01814 18 22 25 28 29
PÇ 30 32 36 4t 45 48 51 54 57
PC 60 63
DF HR2 20
DPo12345678
DP910 71 12 13 14 15 16 17
DP 18 19
PC0423323845505355
PC 55 55 58 63 65 72 77 82 87
PC 100 100
DC CAT1
DC CAT2
DR 7 705 .4 0.0 745.4 0,0 705.0
DT DAMAGE-REACH-ONE

EAST-OF-DYKE
l1lEST-OF-DYKE

)L
SD

SD

SD

SD
SL
SD

SL
SD

SL
SD
SL
SD
SL
SD

SD

SD

2 5500423 630950 705 787 2
2 CATI HR2 50 EAST-OF-DYKE
3 5500396 630949 705 7e7 2
3 CAT1 HR2 50 EAST-OF-DYKE
4 5500373 630949 705 784 2
4 CAT1 HR2 50 EAST-OF-DYKE
5 5500367 630973 705 784 2
5 CAT1 HR2 50 EAST-OF-DYKE
6 5500343 630946 705 787 2
6 CAT1 HR2 50 EAST-OF-DYKE
7 5500360 630921 705 784 2
7 CATI HR2 50 EAST-OF-DYKE
8 5500082 632475 705 784 2
8 CAT1 HR2 50 EAST-OF-DYKE
9 5500080 632448 705 787 2
9 CAT1 HR2 50 EAST-OF-DYKE
10 5500080 632463 705 784 2
10 CAT1 HR2 50 EAST-OF-DYKE
11 5500110 632500 705 787 2
11 CAT1 HR2 50 EAST-OF-DYKE
72 5500044 632494 70s 787 2
72 CAT1 HR2 50 EAST-OF-DYKE
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* * * * r( * ** * ** * * * ** * * * * **** *** * ** *t< * ** * ** * ** *** ** X ** ** * **
* Structìrre Inventory for Damage Analysis *,r. Users Manual (March 1989) *
* Version 2.0.04; August 1991 *
* Sun Unix llorkstation *
* Run date 09APR92 time 05:22:57 *
* * * * * * ** * * * * * *,t** ** * ** ** *** * ** ** * ** * *( ** ** ** * ** * l.* ** * **

SSSSSSSS ÏIÏ]IIII
SS II
SS TI
òJJJò>>¡ 11

SS I]
SSSSSSSS I]IIIIIT

DDDDDDD

DD DD
DD DD

DD DD

DD DD

DD DD
DDDDDDD

)t * + * * * ** *>** * * * ** * ** * ** ********* *>* ** *** *
* U.S. Army Corps of Engineers *
x The Hydrologic Engineering Center *
* 609 Second Street, Suite B *
* Davis, California 95616 *
+ (916) 756-1104 *
* ** * * * ** *,hf * t(* ** *1** * *)t *t( *>È* * ** * **** * ** *



TEST 1- EXTSTING CONDTTIONS

DAMAGE-REACH- ONE
( Darnages are in $1,000 )

Danìage Cat egories
{< * * * *** * x * *** *** x x * ***** ** * d< )rk *( *(* ** *** *******
x Elevation* CAT1 * CAT2 * Total- *
* - ------ ---*---- -----*------- - - - - * - - - - - - - - - r<

* 717.00 * 27.5 *
* 727,00 * 35.1 +
* 725.00 * 51.6 *
* 729.00 x 70.8 *
* 733.00 * 95. 1 *
* 737.00 * 124.8 *
* 741.00 * 772.2 *
* 745.00 * 364,6 *
* 749 .00 * 598.2 *.
* 753.00 * 961 .7 *
* 757 .00 * 1435 .3 *
* 761.00 * 2787 .4 *
+ 765.00 * 4487 .8 *,

* 769.00 * 6649.8 r,
r. 773.00 * 17374.9 *
'r 777 .00 * 23062.6 ,t

781.00 * 30688 . 3 *
785 . 00 * 38032.6 *,

705.00 * 0.0 *
709.00 * 9.2 *
713.00 * 23.8 r,

0.0 * 0.0 *
0.0 x 9.2 *
0.0 * 23.8 *
0.0 * 27.5 *
0.0 * 35.1 *
0.0 * 51.6 *
0.0 * 70.8 *
0.0 *, 95.1x
0.0 *, 124.8 *
0.0 * 772.2 *
0.0 * 364.6 i
0.0 r, 598.2 *
0.0 * 961.7 *
0.0 r, 1435.3 *
0.0 x 2787 .4 x
0.0 * 4487 .8 *
0.0 * 6649.8 *
0.0 x 11374.9 *
0.0 * 23062 . 6 r
0.0 * 30688.3 ,k

0.0 * 38032 . 6 *
*----------*---------,i(---------*---------)k--
* 787.40 * 43313.6 * 0.0 * 43313.6 * PROELV
* - - - - - - - -- - *- -- - --- -- * - - - - - - - - -r< -- - -- --- -*-* 789.00 * 46591.5 x 4338.6 * 50930.1 *
* 793.00 * 52414.9 * 4732.4 * 57147.3 *
* 797 .00 * 53588.9 * 4829.3 * 58418.2 ** 801 .00 * 54590.4 * 4912.5 * 59502.9 *
* 805.00 * 55411.4,r 4978.5 * 60389.8 x
* 809.00 * 55784.3 {. 5008.1'r 60792.3 *,
* 813,00 * 55787. 1 * 5016 .7 * 60803.8 *
* 817 .00 * 55787, 1 *, 5017 .2 * 60804.3 *
* 821.00 * 55787.1* 5017.2 * 60804.3 *
* 825.00 * 55787.1 * 5017.2 * 60804.3 *
+ 829.00 * 55787.1 * 50L7.2 * 60804.3 *,
* 833.00 * 55787. 1 * 5077 .2 * 60804,3 *,
r. 837.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 841 .00 'r, 55787. 1 * 5017 .2 * 60804.3 *
* ** * * x* **** ** ** * *** ** * ** **¡t **,l< ** ***** *,******
Damage category CAT1 identified as EAST_OF_DYKE
Da.mage category CA12 identified as HEST_OF_DYKE
Damage category OTHER identified as OTHER DAMAGE CATEG0RIES



TEST 2 - RATSING STRUCTURES TO A HEIGHT OF 3FT

DAMAGE-REACH- ONE
( Damages are in g1,0OO )

Damage Cat egories
* * * * * * * * ** * * * * * * ** * * * x *X *X * ****;t ** * ** * ** * ** *
* Elevationx CAT1 * CAT2 * Total *
+ - - - - - - - - - - t< - - - - -- - - - - - * - - - -- - -- - * - - - - - - - - - r(

* 705.00 * 0.0 * 0.0 * 0.0 *
x 709.00 * 0.0 * 0.0 * 0.0 *
* 713.00 * 13.7 * 0.0 * 13.7 ** 777.00 * 25.7 x 0.0* 25.7 ** 727.00 * 2a.7 ,. 0.0* 28.7 *
x 725.00 * 37.5 * 0.0 * 37 .5 ** 729.00 * 59 .2 * 0.0 * 59.2 *
* 733,00 * 73.8 * 0.0 * 73,8 *
*. 737.00 x 103.1 * 0,0 + 103.1 ** 741.00 * 130.2 + 0.0 * 130.2 ** 745.00 * 222,3 x 0.0 * 222.3 *
* 749.00 * 4t0.2 * 0.0 * 470.2 *
* 753.00 * 662,2 * 0.0 * 662.2 ** 757 .00 * 1082.6 * 0.0 i. 1082.6 ** 761.00 *, 1774.8 * 0,0 * 7714.8 *
x 765.00 * 3209.9 * 0.0 * 3209.9 x
* 769.00 * 4857.1 x 0.0 * 4857.1 x
* 773.00 * 7186.7 * 0.0 * 7186.7 *

777.00 * 14036.0 {<

781.00 * 25494.8 ,<

785.00 * 32296.8 *
0.0 * 14036.0 *
0.0 * 25494.8 *
0.0 ,. 32296 . I *

+- -- ---- ---t---------*-- -------+-- -------*-*(
* 787.40 * 36713.2 * 0.0 * 36773.2 * PROELV
,ß----------*---- --- --{<-- --- -- --*-- ---- ---*-*
* 789.00 * 40118.9 * 4338.6 + 44457.5 ** 793.00 * 48532.3 * 4732.4 * 53264.7 ** 797.A0 * 52864.1 * 4829.3 * 57693.4 *
* 801.00 * 53851.7 * 4912.5 * 58764.2 *
* 805.00 ,r, 54815.0 * 4978.5 * 59793.5 *
x 809.00 * 55552.5 * 5008. 1 * 60560.6 *
* 813.00 * 55787.1* 5016.7 ,, 60803,8 *
r, 817.00 x 55787.1 * 5077.2 * 60804.3 *
* 821.00 * 55787.1 * 5017.2 * 60804.3 *
* 825.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 829.00 * 55787.1 * 5017 .2 x 60804.3 *
* 833.00 x 55787. 1 x 5077 .2 x 60804.3 x
* 837.00 * 55787. 1 * 5017 .2 ,r, 60804.3 *
* 841.00 *. 55787.1 * 5017,2 * 60804.3 *
* x * * *** *** x***,t(* * **** * * * * * * *x * ** * * * ** * *** t(**
Damage category CAT1 identified as EAST_0F_DYKE
DaÌage category CAT2 identified as HEST_0F_DYKE
Da.mage category OTHER identified as OTHER DAMAGE CATEG0RIES



TEST 3 - RAISING STRUCTURES TO A HEIGHT OF sFT

DAMAGE-REACH-ONE
( Damages are in $1,000 )

Damage Categories
* * * * * * + * ** * * * * * * *** ***,t(* ***** *** * * * +** ** * * * *
* Elevation* CAT1 * CAT2 x Total *
,( -- -- ----- - *- ------ --*------------ - --------*

0 .0 x 0.0 'r.0.0 * 0.0 *
0.0 * 3.4 *
0.0 * 20.8 *
0.0 * 27.5 *
0.0 * 32.8 +

0.0 * 43.7 *
0.0 * 67.5 *
0.0 * 87.2 *
0.0 * 118.5 *
0.0 * 140.2 *
0.0 * 3f2.7 *
0.0 *, 513.2 *
0.0 * 866 .4 *
0.0 * 1337.3 *
0.0 * 2407.1 *
0.0 x 4007 .L *
0 .0 * 6030.2 x
0 .0 * 9957.3 't0.0 * 20333 . 5 *
0.0 * 29029,4 *.

* 787.40 * 32856-5 *

* 705.00 * 0.0 *
* 709.00 * 0.0 *
* 713.00 * 3.4 *
* 777.00 * 20.8x* 721.00 * 27 .5 *
* 725.00 * 32.8 *
x 729.00 x 43.7 x

733.00 * 67.5 *
737.00 * 87 .2 *
74I .00 * 118.5 *
745 . 00 ,r, r40 .2 *

* 749.00 * 3!2.7 x
r, 753.00 * 513.2 *
+ 757 ,00 * 866 .4 *
* 761 .00 * 1337.3 *
* 765.00 * 2407.t *
* 769.00 * 4007.1*
* 773.00 * 6030.2 *
* 777,00 * 9957.3 x
x 781.00 * 20333.5 *
*, 785 .00 * 29029.4 *

0.0 + 32856.5 * PROELV
t<---- ----- -*---- -----{<-------- ---*------ ---*
x 789.00 * 35706.6 *, 4338.6 ,r, 40045.2 *
* 793.00 * 44709.7 * 4732.4 * 49442.! x
* 797,00 x 51796.8 * 4829.3 * 56626.2 *
* 801.00 x 53346.4 * 4972.5 * 58258.9 *
*. 805.00 rt 54295.7 * 4978.5 * 59274.7 +
* 809 .00 * 55255 .9 * 5008. 1 ,r, 60263.9 x
* 813.00 'r 55777,0 * 5016.7 * 60793.8 x
* 817.00 * 55787. 1 i 50t7 .2 * 60804.3 *
* 82I.00 * 55787.1 x 5017.2 * 60804.3 *,
* 825.00 * 55787,r 829.00 x 557A7

* 5017.2 * 60804.3 x
* 5OI7.2 * 60804.3 *

* 833.00 * 55787. 1 * 5077 .2 * 60804.3 *
* 837.00 * 55787. 1 x 5077 .2 * 60804.3 *
* 841 .00 * 55787. 1 x 5017 .2 * 60804.3 *
* ** x* ***** x ** **. * ** * ** * ** *x * ** * ** ***** *** *** *
Da-rnage category CAT1 identífied as EAST_OF_DYKE
Damage category CAT2 ídentified as I.¡EST_0F_DYKE
Danage catêgory 0THER identified as OTHER DAMAGE CATEGI)RIES



TEST 4 - FLOOD PROOFING OF STRUCTURES TO A HEIGHT OF 3FT

DAMAGE-REACH- ONE
( Danages are in $1,000 )

Danage Categories
* * * * * *** * * * ** ** x * * * ** * ** ** x ** * *x x * * ** * ** * *
x Elevationx CAT1 * CAT2 * Total i<

t<----------*---------*-------------------*
* 705.00 * 0.0 x 0.0 * 0.0 *
* 709.00 * 0.0 * 0.0 * 0.0 ,.
* 713.00 * 23,8 * 0.0 * 23.8 ** 717.00 * 27,5 * 0.0 * 27.5 ** 721 .00 * 35.1 * 0.0 * 35. 1 *
* 725.00 * 48.2 * 0.0 * 48.2 *
* 729.00 * 70.8* 0,0* 70.8 r,
* 733.00 * 77 .5 * 0.0 * 77 .5 *
* 737.00 * 724.8 * 0.0 * !24.8 *
* 741 .00* 749.2 * 3.4 *, 752.7 *
* 745.00 * 331.9 * 20.8 * 352.7 x
,r 749.00 * 497 .0 * 41.8 r. 538.8 ** 753.00 * 837.9 * 75.8 * 913.4 *
* 757.00 * 1435.3 * 148.8 * !584.2 *
r, 761.00 * 2677.8 * 303.8 * 2981 .6*
* 765.00 * 4167.8 * 526.2 * 4694.0 *
* 769.00 * 5752.2 x 823.2 * 6575.4 *
+ 773.00 * 8555.0 * 7402.4 * 9957.5 ** 777 .00 * 23001.2 * 2398.9 * 25400.2 *
x 781.00 * 30623.9 * 3059.3 x 33683.2 *
* 785.00 * 37783.1* 3652.4 * 41435.5 *
* - - - - - - - -- - *(- - - - -- - - - * -- -- - - - - - * - - - -- - -- - t<

* 787,40 * 43732.7 * 407I.5 * 47203.6 *, PROELV*----------*.---------*---------*---------*
+ 789.00 * 46146.0 * 4338.6 * 50484.6 *
x 793,00 * 52414.9 * 4732.4 * 57147.3 +
* 797.00 * 53588.9 * 4829.3 * 58418.2 *
x 801.00 * 54590.4 * 4912.5 * 59502.9 *
* 805.00 * 55411.4 *, 4978.5 * 60389.8 *
* 809 .00 * 55784.3 * 5008. 1 * 60792 .3 *
* 813.00 * 55787. 1 ,r, 5016.7 * 60803.8 *
* 817 .00 * 55787. 1 * 5077 .2 * 60804,3 ,r,

* 82I.00 * 55787.1 * 5077 .2 * 60804.3 *
x 825.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 829.00 '* 55787. 1 *, 5017 .2 * 60804.3 r.
,r 833.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 837.00 * 55787. 1 * 5077 .2 * 60804,3 *
* 841 .00 * 55787. 1 * 50t7 .2 * 60804.3 *,

* * * * * ** *** * **** * ** *i<* * **** * *** **** *** * ** * *
Danage category CAT1 identified as EAST_0F_DYKE
Damage category CAT2 identified as IIEST_0F_DYKE
Damage category OTHER identified as OTHER DAMAGE CATEGORIES



TEST 5 - FLOOD PROOFING OF STRUCTURES TO A HEIGHT OF SFT

DAMAGE-REACH- ONE
( Danages are in g1,0oo )

Danage Categories
* * ** *** * * * * * * * * *¡k** ** * * * ** * **,* ** ** * ** * *** **
* ELevation* CAT1 * CAT2 * Total r<

*- -- -------*- -- ---- -- *-- ---------- ---- ----** 705,00 x 0.0 * 0.0 * o. o *
* 709.00 * 0.0 * 0.0 x 0.0 *,

* 713.00 * 23.8 * 0.0 * 23.8 x
* 777.00 r( 27.5 * 0.0* 27.5 *
* 72!.00 * 35. 1 * 0.0 *, 35. 1 x
* 725.00 * 48.2 x 0.0 * 48.2 *
* 729.00 * 50.0 * 0.0 *, 50.0 ** 733.00 * 77.5 * 0.0 * 77.5 ** 737.00 * !24.8 * 0.0 * !24.8 ** 741 .00 * 149.2 * 3.4 * 152.7 ** 745.00 * 179.7 * 20.8 x 200.5 ** 749.00 * 497.0 r. 41.8 * 538.8 x
* 753.00 * 837.9 * 75.5 * 913.4 ** 757,00 * 1230.0 * 148.8 * 1378.9 x
* 761.00 * 7757.6 * 303.8 * 2067.4 ** 765.00 x 3484.2 * 526.2 * 4010.4 ** 769.00 * 5752.2 * 823.2 x 6575.4 ** 773.00 x 8555.0 * 7402.4 * 9957.5 *
* 777 .00 + 16018.7 * 2398.9 * 18417.6 ** 781.00 * 30231.5 * 3059.3 * 33290.8 *
* 785.00 * 37381.3 {, 3652.4 * 41033.7 *
*----------*---------*---------*----------*
* 787.40 * 42609.3 * 4077.5 * 46680.8 * PROELV
* - - - - -- - - - - r<- -- - -- ---,ß -- -- - -- --* - - - --- -- - -*x 789.00 * 46146.0 * 4338.6 * 50484.6 *
+ 793.00 x 51795.6 x 4732.4 * 56528.0 *
+ 797.00 x 53588.9 * 4829.3 x 58418.2 *.
* 801.00 * 54590.4 * 4972.5 * 59502.9 r,
* 805.00 * 55411.4 x 4978.5 * 60389.8 *
* 809.00 x 55784.3 * 5008.1 *. 60792.3,r* 813.00 * 55787. 1 * 5016.7 * 60803.8 *
* 817.00 * 55787.1 * 5017.2 x 60804.3 *
r 821.00 * 55787.1 * 5017.2 * 60804.3 *
* 825.00 * 55787.1* 5077.2 * 60804.3 *
* 829.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 833.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 837.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 841 .00 * 55787. 1 * 5017 .2 * 60804.3 *
* * * * * ** * ** * ***** ** * ******* *** * ** ** * ** * *****
Danage category CAT1 identified as EAST_0F_DYKE
Da-rnage category CAT2 identified as WEST_0F_DYKE
Darage category oTHER identified as 0THER DAMAGE CATEGoRIES



TEST 6 - RELOCATION OF STRUCTURES

DA}fAGE-REACH-ONE
( Damages are in $1,000 )

Damage Cat egories
* * * * * *** *(* t( t< *( ** * ** * ** * * * ** * ** * ** ** *,F* * ** * *
* Elevation * CAT1 * CAT2 * Total *

* 705.00 *!

* 709.00 *
* 713.00 *
* 7r7,00 *
* 727.00 *
* 725.00 *
* 729.00 *
* 733.00 *
x 737.00 *
',, 741 .00 *
x 745.00 ,<

x 749.00 *
* 753.00 *
* - - - - - - - -- - -* -- - - - - -- * -- -- - - - - -* - - --- - - - - *
* 754.00 x 0,0 * 0.0 * 0.0 * EVCELV
*-----------*--------*---------*---------*
* 757.00 * 0.0 x 0.0 x 0.0 x
* 761 .00 * 1029 .8 * 0.0 * 1029 .8 *,

* 765.00 * 244a.6 * 0.0 * 2448.6 *
* 769.00 * 4365.1* 0.0 * 4365.1*x 773.00 * 8972,5 * 0.0 * 8972,5 *,

* 777 .00 * 20659 .7 * 0 .0 * 20659.7 *
* 787.00 * 28285.5 * 0.0 * 28285.5 *
* 785.00 * 35629.8 * 0.0 * 35629.8 *
* - - - - -- - - - - t<- -- - -- - - - * -- -- - -- - - * - - - - - - - - - t!
* 787.40 x 40910.8 * 0.0 * 40910.8 * PR0ELV

x 789.00 * 44188.8 * 4338.6 * 48527 .4 +
x 793.00 * 50012.1 * 4732.4 * 54744.5 +
* 797.00 x 51186.1 * 4829.3 * 56015.4 *
* 801.00 * 52187.6 * 4972.5 * 57100. 1 x
* 805.00 * 53008.6 * 4978.5 * 57987.0 *
* 809.00 * 53381 .5 * 5008. 1 * 58389 .5 *
* 813.00 * 53384.3 * 5016 .7 ,r, 58401 .0 *
r, 817.00 * 53384.3 * 5017.2 * 58401.5 r,
* 827.00 * 53384.3 * 5017.2 * 58401.5 r,
* 825.00 x 53384.3 * 5077.2 * 58401.5 ** 829.00 * 53384.3 * 5017.2 * 58401.5 *
,. 833.00 *, 53384.3 * 5017.2 * 58401.5 +
* 837.00 * 53384.3 * 5017.2 * 58401.5 ** 841.00 i 53384.3 * 5077.2 * 58401.5 *
*x * ** * * x *** *( * i<* **** x * ****+ **** ** ** * *** *** *
Danage category CAT1 identified as

0.0 * 0.0 * 0,0 *
0.0 * 0.0 * 0.0 *
0.0 * 0.0 * 0.0 *
0.0 x 0.0 * 0.0 *
0.0 * 0.0 * 0.0 x
0.0 + 0.0 * 0.0 x
0.0 * 0.0 * 0.0 *
0.0 x 0.0 * 0.0 *
0.0 * 0.0 * 0.0 *
0.0 ,. 0.0 * 0.0 *
0.0 x 0.0 * 0.0 *
0.0 i 0.0 *, 0.0 x
0.0 * 0.0 * 0.0 x

EAST-OF-DYKE



TEST 7 - DYK]NG THE RED RIVER TO A HEIGHT OF 2OFT

DAMAGE-REACH-ONE
( Danages are in 91,000 )

Damage Categories
* * * ** *** * * * ** ** * * * * ***** *** ** * ** * * x *** ** * **
x Elevation* CAT1 * CAT2 * Total *
* -- -- ----- -*(---- -- ---*-- -------*-- --------*
x 705.00 * 0.0 * 0.0 * 0.0 *
* 709.00 * 0,0 * 0.0 * 0.0 *
* 713.00 * 0.0 x 0.0 * 0.0 *
* 717.00 x 0.0* 0.0* 0.0*
* 721 .00 * 0.0 r, 0.0* 0.0*
* 725.00 x 0.0 * 0.0 * 0.0 *

725.40 0.0 x 0.0 * 0.0 i. PROELV

* 729.00 * 70.8 * 0.0 x 70.8 ** 733.00 * 95. 1 * 0.0 * 95.1 ** 737.00 * 724,8 * 0.0 * 724.8 ** 741.00 x 772.2 * 3.4 * 775.7 *
* 745.00 * 364.6 * 20.8 * 385.4 *,
* 749 .00 * 598.2 * 4L8 * 640 .0 ** 753.00 * 961 .7 * 75 .5 x 1037.2 ** 757.00 * 1435.3 * 148.8 * 1584.2 )É

x 761.00 * 2787.4 * 303.8 * 3091.3 å.

* 765.00 * 4487.8 * 526.2 * 5014.0 *x 769 .00 ,r, 6649.8 * 823.2 * 7473 .0 ,4

+ 773.00 * 71374.9 * 7402.4 * 72777.3 ** 777.00 * 23062.6 * 2398.9 * 25461.5 ,r
* 781 .00 * 30688.3 * 3059 .3 * 337 47 .6 ** 785 .00 + 38032.6 ,r, 3652 .4 * 41684,9 *
* 789.00 + 46591.5 + 4338.6 * 50930.1 *,
* 793.00 * 52474.9 * 4732.4 * 57147.3 ** 797 .00 * 53588.9 * 4829.3 x 58418.2 *
* 801.00 x 54590.4 * 4912.5 * 59502.9 *
* 805.00 * 55411.4 * 4978.5 r 60389.8 *
* 809.00 * 55784.3 * 5008.1 r. 60792.3 *
* 813.00 * 55787. 1 x 5016.7 * 60803.8 *
r. 817.00 x 55787. 1 *, 5017 .2 * 60804.3 *,

* 827.00 *, 55787. 1 * 5077 .2 * 60804.3 *
r, 825 .00 {, 55787. 1 * 5077 .2 * 60804,3 {,
* 829 .00 * 55787. 1 * 5017 .2 * 60804.3 *
x 833.00 * 55787. 1 ,r, 5017 .2 * 60804.3 *,
* 837 .00 * 55787. 1 *, 5077 .2 * 60804.3 *
* 841 .00 * 55787. 1 * 5077 .2 'r 60804.3 ,r.

,Ì * * ¡t *** *** *** ** **** ** *** ** *** * ** ** * ***** *(**
Da-rnage category CAT1 identified as EAST_0F_DYKE
Damage category CAT2 identified as WEST_0F_DYKE
Da-mage category OTHER identified as OTHER DAMAGE CATEGORIES



TEST 8 - DYK]NG THE RED RIVER TO A HE]GHT OF 4OFT

DAMAGE-REACH-ONE
( Damages are in $1,000 )

Danage Cat egories
* * * * * * * * ** * ** ** * * * * * * * **** t ** * ** ** * ** * ** * ** **
,r Elevation* CAT1 * CAT2 * Total *
{<-- -- -- ----*---- -- ---*---------*------------}k
* 705.00 x 0.0 * 0.0 *
* 709.00 * 0.0 * 0.0 *
* 713.00 * 0.0 * 0.0 r.
* 717.00 * 0.0 r. 0.0*
* 72!.00 * 0.0 * 0,0 *
* 725.00 *, 0.0 * 0.0 *
* 729 ,00 * 0.0 * 0.0 *

0.0 *
0.0 *
0.0 *
0.0 *
0.0 x
0.0 *
0.0 *
0.0 *
0,0 *
3.4 *

20.8 *,

*

*----------)*---------*---------*------------*
* 745.40 * 0.0 x 22.0 *

733.00 * 0.0 * 0.0 *
737.00 * 0.0 * 0.0,{.
747.00 * 0,0* 3.4 *.

745.00 * 0.0 * 20,8 *

22,0 * PROELV
*----------t<---------*---------t(------------*
* 749.00 * 598.2 * 41.8 * 640.0 *
x 753.00 * 961 .7 * 75.5 * 7037 .2 *
* 757.00 * 1435,3 * 148.8 x !584.2 *
* 761.00 x 2787.4 * 303.8 * 3091.3 *
{, 765.00 * 4487.8 rf 526.2 * 5014.0 *
*, 769.00 x 6649.8 * 823.2 'r 7473.0 *
x 773.00 * 11374.9 * 1402.4 * 12777.3 *
* 777.00 * 23062.6 * 2398.9 * 25461.5 *
* 781.00 x 30688.3 * 3059.3 * 33747.6 *
*, 785.00 * 38032.6 * 3652.4 * 41684.9 x
* 789.00 * 46591.5 * 4338,6 * 50930.1*
* 793.00 * 52414.9 * 4732.4 * 57747.3 *
* 797 .00 * 53588.9 * 4829.3 * 58418.2 *
* 801 .00 r. 54590 .4 * 4912.5 x 59502.9 x
* 805.00 * 55411.4 * 4978.5 x 60389.8 *
* 809.00 *, 55784.3 * 5008. 1 * 60792.3 *
* 813.00 * 55787.7 * 5016.7 ,r, 60803.8 *
* 817.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 82I.00 * 55787.1 * 5077.2 * 60804.3 *
* 825.00 * 55787.1 * 5077.2 * 60804.3 *
* 829.00 * 55787.1x 5017.2 * 60804.3 *,

* 833.00 * 55787. 1 * 5017 .2 * 60804.3 *
* 837 .00 * 55787. 1 *, 5017 .2 * 60804.3 *
* 841 .00 *, 55787. 1 'r 5077 .2 * 60804.3 *
***x**x***,F******************x***********t x,t *
Darnage category CAT1 identified as EAST_0F_DYKE
Danage category CAT2 identiJied as HEST_OF_DYKE
Damage category OTHER identified as OTHER DAMAGE CATEG0RIES



APPENDIX D} INPUT FILESJ'OR EAD
CONSULTATION.



TT TEST 1 - DAMAGE FOR EXISTTNG CONDITIONS
J1 50 7992 1995 7992 3
J25
CN 2 CATT CAT2
PN 1 EXIST]NG CONDITIONS
DY 3 1950 1970 1974
RN 1 DAMAGE-REACH- ONE
FR1t799989590807060
FR 50 40 30 20 10 5 2 1 0.5FR 0.2
QF 1 5000 6000 8500 11200 15000 19000 23500
QF 28000 33000 40000 49000 62000 80000 100000 120000 14o0oo
FR160000
sQ 1 16 708 7t2 776 720 724 72a 732
sQ 736 740 744 748 752 756 760 764 768
QS 1 13000 15000 17000 19000 21000 24ooo 26000
QS 30000 35000 41000 50000 64000 80000 100000 140000 230000
ZR A=win B=1 C=DG E=7992 p=ptanl
RC CAT1 1995 1.5
RC CA12 199 5 1.5
LJ T



TT TEST 2 - DAMAGE FOR RAISTNG STRUCTURES 3FT
J1 50 1992 1995 t992 3
J25
CN 2 CAT1 CAT2
PN 1 RAISING STRUCTURES 3FT
DY 3 19s0 1970 7974
RN 1 DAMAGE- REACH- ONE
FR11799989590807A60
FR 50 40 30 20 10 5 2 1 0.5FR 0.2
QF 1 5000 6000 8500 11200 15000 19000 23500
QF 28000 33000 40000 49000 62000 80000 100000 120000 14oooo
FR 160 0 00
sQ 1 16 708 7r2 716 720 724 728 732sQ 736 740 744 748 752 756 760 764 768
QS 1 13000 15000 17000 19000 21000 24000 26000
QS 30000 35000 41000 50000 64000 80000 100000 140000 230000
ZR A=r¡in B=1 C=Dc E=1992 F=plan2
RC CAT1 199 5 1.5
RC CAT2 199 5 1.5
EJ 1



TT TEST 3 - DAMAGE FOR RAISING STRUCTURES sFT
Jl 50 1992 1995 1992 s
J25
CN 2 CATT CAT2
PN 1 RA]SING STRUCTURES sFT
DY 3 1950 1970 1974
RN 1 DAMAGE-REACH- ONE
FR11799989590807060
FR 50 40 30 20 10 5 2 1 0.5FR 0,2
QF 1 5000 6000 8500 11200 15000 19000 23500
QF 28000 33000 40000 49000 62000 80000 10oo0o 12oo0o 140000
QF160000
sQ 1 16 708 772 716 720 724 728 732
sQ 736 740 744 748 752 756 760 764 768
QS 1 13000 15000 17000 19000 21000 24ooo 26000
QS 30000 35000 41000 50000 64000 80000 100000 14oo0o 230000
ZR A=win B=1 C=DG E=1992 F=p1an3
RC CAT1 199 5 1.5
RC CAT2 19 95 1.5
EJ 1



TT TEST 4 - FLOOD PROOFING TO A HETGHT OF 3FT
Jt 50 7992 1995 1992
11 C

CN 2 CATT CAT2
PN 1 FLOOD PROOFÌNG TO 3FT
DY 3 1950 1970 1974
RN 1 DAMAGE-REACH_ ONE
FR1
FR 50
FR 0,2
QF1
QF 28000 33000
FR160000
sQ116
sQ 736 740
QS7
QS 30000 35000
SD 1 18
sD 737 74I
sD 773 777
DG1
DG 124.5 749 .2
DG8555 . 0 23007 .2
RC CAT1
RC CAT2
EJ 1

t7 99 98
40 30 20

5000 6000
40000 49000

708 772
744 748

13000 15000
41000 50000

709 773
745 749

0 23.8
331 .9 497 .0

1995 1 ,5
1995 1.5

8500 77200
62000 80000

716 720
752 756

17000 19000
64000 80000

717 727
753 757

27 .5 35.1
837.9 1435 .3

15000 19000 23500
100000 120000 140000

724 728 732
760 764 768

21000 24000 26 000
100000 140000 2300 0 0

725 729 733
767 765 769

48 ,2 70 .8 77 .5
2677.8 4167.8 5752.2

95 90 80 70 60
10 5 2 1 0.5



TT TEST 5 - FLOOD PROOF]NG TO A HEIGHT OF
J1 50 1992 1995 1992 3
J25
CN 2 CATL CAT2
PN 1 FLOOD PROOFÏNG TO sFT
DY 3 19s0 7970 1974
RN 1 DAMAGE-REACH- ONE
FR1
FR 50
FR O.2
QF1
QF 28000 33000
QF 160000
sQ116
sQ 736 740
QS 1

QS 30000 35000
SD 1 18
sD 737 741
sD 773 777
DGT
DG 128.4 749.2
DG8555.0 16018 .7
RC CAT1
RC CAT2
EJ7

77 99
40 30

5FT

11200 15000
80000 100000

720 724
756 760

19000 21000
80000 100000

72r 725
757 761

70 60
1 0.5

19000 23500
120000 140 00 0

tzó tóz
764 768

24000 26000
140000 230000

729 733
765 769

98 95 90 80
20 10 5 2

5000 6000 8500
40000 49000 62000

708 7 72 716
744 748 752

13000 15000 17000
41000 50000 64000

709 773 777
745 749 753

0 23.8 27 .5 35 . 1 48.2 50 .0 77
r79 .7 497 .0 837.9 1230.0 7757 .6 3484.2 5752

1ôôE ,r E

1995 1.5

5
2



TT TEST 6 - RELOCATION OF STRUCTURÐS ABOVE 754.OFT LEVEL
J1 50 1992 1995 1992 3

CN 2 CATL CAT2
PN 1 RELOCATION OF STRUCTURES
DY 3 1950 1970 7974
RN 1 DAMAGE-REACH- ONE

FR 0.2
QF 1 5000 6000 8500
QF 28000 33000 40000 49000 62000
QF 160000
sQ 1 16 708 772 716
sQ 736 740 744 748 752
QS 1 13000 15000 17000
QS 30000 35000 41000 50000 64000
ZR A=win B=1 C=Dc E=1992

FR71799
FR 50 40 30

RC CAT1
RC CAT2
EJ 1

15000 19000 23500
100000 120000 140000

724 728 732
760 764 768

21000 24000 26000
100000 140000 230000

80 70 60
2 t 0.5

oa ôq

20 10
90

5

71200
80000

720
756

19000
80 000

¡=plan6
1ÔOE l É

1995 1.5



TT TEST 7 - DYKTNG THE RED RIVER TO A HETGHT OF 2OFT
J1 50 1992 1995 1992 3
J25
CN 2 CATI CA12
PN 1 DYKING THE RED RIVER TO 725.4FT
DY 3 1950 1970 1974
RN 1 DAMAGE-REACH- ONE
FR17799989590807060
FR 50 40 30 20 10 5 2 1 0.5FR O.2
QF 1 5000 6000 8500 11200 15000 19000 23500
QF 28000 33000 40000 49000 62000 80000 100000 120000 140000
FR160000
sQ 1 16 708 772 776 720 724 728 732
sQ 736 740 744 748 752 756 760 764 768
QS 1 13000 15000 17000 19000 21000 24000 26000
QS 30000 35000 41000 50000 64000 80000 100000 140000 230000sD 1 18 709 7t3 777 72r 725 729 733sD 737 747 745 749 753 757 761 765 76ssD 773 777
DG 1 0 0 0 0 0 70.8 95.1
DG r24.a 172,2 364.6 598.2 96r.7 143s.3 2787.4 4487.8 6649.8
DG11374. 23062.6
RC CAT1 19 95 1.5
RC CAT2 1995 1. s
EJ1
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* ** * ** * * * * * * ** ** * * * *( ** ** * ** * ** *t<* ** * * * * * * *** * * * * * * ** **
x Expected Annual Flood Darnage Progranì *
* Users Manuat (March 1989) *
x Version 2.0.01: June 1991 *
x Sun Uni.x *
x Run date 14APR92 ti¡ne 11:36:56 *
* * * * * * x* x * * * * * * x * x;¡* *x r<x t( t(* * **x** ** * ** * *:t *** ** * * * * * x *x

AA DDDDDDDD
AA AA DD DD

AA AA DD DD
AA AA DD DD
AAAAAAAAAA DD DD
AA AA DD DD

EEEEEEEE AA AA DDDDDDDD

* * *** * ** * * * * **** *** * ** * *x** * ** *** ** * ***
* U.S. Arny Corps of Engineers *
x The Hydrologic Engineering Center *
x 609 Second Street, Suite B *
* Davis, California 95616 *
,, (916) 756-1104 *
* * * * x* ** * x** ** ** * +* * ** *x* ** * * x * ** ** * x >t¿ *

+ ++ + ++ + + + ++ + +++ ++++ + + + + +++ ++ + + + + + + ++ + + + + + + + +
+ Expected Annual Flood Darnage Computation +
+ 761-X6-L7580 Sun Uni.x +
+ Version Date June 6, 1991 +
+ + + ++ + + + + + + + + + + + + ++ + ++ + +++ ++++ + + + +++ ++ +++ + ++

EEEEEEEE
E
E
EEEEE
E
E



TEST 1 - DAMAGE FOR EXISTING CONDITIONS

** EXPECTED ANNUAL FL00D DAMAGE *x

*r< FOR REACH 1= 1 DAMÀGE_REACH_0NE

** !'IITH PLAN 1 = EXISTING CONDITIONS

** INPUT DATA YEARS = 1950 7970 7974

** PERIOD 0F ANALYSIS = 50 YEARS

*,r, DISCOUNT RATE = 5.0000 PERCENT

'** DAMAGE BASE = 1992 D0LLARS

STUDY BASE .. DECADE YEARS .... ,.DAMAGE YEAR YEAR 10 20 30 40
CATEG0RIES 7992 1995 2004 20!4 2024 2034

1CAT1 326.04 340.94 389.83 452.4r 525.04 609.33
2 CAT2 0.00 0.00 0.00 0.00 0. o0 0.00

TOTAL 326 .04 340 .94 389 .83 452.47 52s .04 609 .33

.. END OF EQU]VALENT
50 PERIOD ANNUAL .,,.. HISTORIC EVENTS,...

2044 2044 DAMAGE 1950 7970 1974

707.15 707.75 435.63 172.86 233.87
0.00 0.00 0.00 0.00 0.00 0.00

707 .15 707 .15 435,63 r72.86 233.87 248.44



TEST 2 - DAMAGE FOR RAISING STRUCTURES 3FT

** EXPECTED ANNUAL FLOOD DAMAGE *i.

** FOR REACH 1= 1 DAMAGE_REACH_ ONE

+{< l,lITH PLAN 1 = RAISING STRUCTURES 3FT

** INPUT DATA YEARS = 1950 7970 7974

** PERIOD 0F ANALYSIS = 50 YEARS

** DISCOUNT RATE = 5.0000 PERCENT

x*. DAMAGE BASE = 1992 DOLLARS

STUDY BASE .. DECADE YEARS ......
DAMAGE YEAR YEAR 10 20 30 40
CATEGORIES 7992 1995 2004 2014 2024 2034

1CAT1 225.20 235.48 269.25 312.47 362.64 420.86
2 CAT2 0.00 0.00 0.00 0.00 0.00 0. oo

TOTAL 225.20 235.48 269 .25 372.47 362.64 420 .86

END OF EQUIVALENT
50 PER]OD ANNUAL .,,.. HISTORIC EVENTS....,

2044 2044 DAMAGE 1950 1970 7974

488.42 488.42 300.88 119.39 161.53 171.60
0 .00 0 .00 0.00 0 .00 0.00 0 .00

4e8.42 488.42 300.88 119.39 161.53 171.60



TEST 3 - DAMAGE FOR RAISING STRUCTURES 5FT

** EXPECTED ANNUAL FLOOD DAI'IAGE *x

** FoR REACH 1= 1 DAMAGE_REACH_0NE

** WITH PLAN 1 = RAISING STRUCTURES 5FT

** INPUT DATA YEARS = 1950 1970 1974

** PERIOD 0F ANALYSIS = 50 YEARS

x* DISC0UNT RATE = 5.0000 PERCENT

** DAMACE BASE = 1992 D0LLARS

STUDY BASE ,.. DECADE YEARS ,....,DAMAGE YEAR YEAR 10 20 30 40
CATEGORIES 1992 1995 2oo4 2o!4 2024 2034

1CAT1 774.32 782.28 208.42 247.88 280.77 325.77
2 CAT2 0.00 0.00 0.00 0.00 0.00 0.00

ToTAL 774.32 I82.28 208.42 24I .88 280.71 325.77

.. END OF EQUIVALENT
50 PERIOD ANNUAL ..... H]STORIC EVENTS ..,..2044 2044 DAMAGE 1950 1970 7974

378.07 378.07 232.97 92.42 r25.04 ß2.830.00 0.00 0 .00 0 . o0 0.00 0 .00

378.07 378.07 232.97 92,42 125.04 132.83



TEST 4 - FLOOD PROOF]NG TO A HEIGHT OF 3FT

** EXPECTED ANNUAL FLOOD DAMAGE **

** FOR REACH 1= 1 DAMAGE_REACH_ONE

** hrITH PLAN 1 = FL00D PR00FING T0 3FT

x* INPUT DATA YEARS = 1950 7970 1974

** PERIOD 0F ANALYSIS = 50 YEARS

** DISCoUNT RATE = 5.0000 PERCENT

'* *, DAMAGE BASE = 7992 D0LLARS

STUDY BASE .. DECADE YEARS .....,DAMAGE YEAR YEAR 10 20 30 40
CATEGoRIES 1992 1995 2004 2074 2024 2034

1 CAT1 296.77 310.33 354,82 4rr.79 477.89 554.62
2 CA12 0.00 0.00 0.00 0.00 o.0o 0.00

T0TAL 296.77 310.33 354.82 477.79 477.89 554.62

END OF EQUIVALENT
50 PER]OD ANNUAL ..... H]STOR]C EVENTS ..,,.

2044 2044 DAÌ"ÍAGE 1950 1970 1974

643.65 643.65 396.51 157.34 2I2.A7 226.74
0.00 0.00 0.00 0.00 0.00 0.00

643.65 643.65 396.51 757.34 2r2.87 226,14



TEST 5 - FLOOD PROOFING TO A HEIGHT OF 5FT

** EXPECTED ANNUAL FLOOD DAMAGE **

** FOR REACH 1= 1 DAMAGE_REACH_0NE

** I.¡ITH PLAN 1 = FL00D PROOFING T0 sFT

** INPUT DATA YEARS = 1950 1970 7974

** PERIOD 0F ANALYSIS = 50 YEARS

**, DISCOUNT RATE = 5.0000 PERCENT

** DAMAGE BASE = 1992 DoLLARS

STUDY BASE .. DECADE YEARS ......DAMAGE YEAR YEAR 10 20 30 40
CATEG0R]ES 7992 1995 2004 2074 2024 2034

1CAT1 252.05 263.56 301.35 349.73 405.87 477.03
2 CAT2 0.00 0.00 0.00 0.00 0.00 o.oo

ToTAL 252.05 263.56 301.3s 349.73 405.87 477.03

END OF EQUIVALENT
50 PER]OD ANNUAL ..... H]STORIC EVENTS .... ,

2044 2044 DAMAGE 1950 1970 7974

546 . 65 546 .65 336.76 133.63 180.79 192 .06
0 .00 0 .00 0.00 0 .00 o.0o 0 . o0

546.65 546.65 336.76 133.63 180.79 r92.06



TEST 6 - RELOCAT]ON OF STRUCTURES ABOVE 754.OFT LEVEL

'I.X EXPECTED ANNUAL FLOOD DAMAGE **

** FOR REACH 1= 1 DAMAGE_REACH_ ONE

t<* I^IITH PLAN 1 = REL0CATION 0F STRUCTURES

** INPUT DATA YEARS = 1950 1970 7974

*,+ PERIOD 0F ANALYSIS = 50 YEARS

xt DISC0UNT RATE = 5.0000 PERCENT

**, DAMAGE BASE = 1992 DOLLARS

STUDY BASE ., DECADE YEARS , .. ..,DAMAGE YEAR YEAR 10 20 30 40
CATEGORIES 1992 1995 2004 2or4 2024 2034

1CATl 37,39 39.10 44.70 51.88 60.21 69.87
2 CAT2 0.00 0.00 0.00 0.00 0.00 o.oo

T0TAL 37 . 39 39 . 10 44 .70 51 . 88 60 .27 6s .A7

.. END OF EQUTVALENT
50 PERIOD ANNUAL ,,... HISTORIC EVENTS ,...

2044 2044 DAMAGE 1950 7970 7974

81.09 81 .09 49.96 19,82 26.82 28.49
0.00 0.00 0.00 0 .00 o. o0 0.00

81.09 81.09 49.96 19.82 26,82 28.49



TEST 7 - DYKING THE RED RIVER TO A HEIGHT OF 2OFT

** EXPECTED ANNUAL FLOOD DAMAGE "*
*)k FOR REACH 1= 1 DAMAGE_REACH_ONE

** l.lITH PLAN 1 = DYKINC THE RED RIVER TO 72S.4FT

'** INPUT DATA YEARS = 1950 I97O I9T4

** PERIOD 0F ANALYSIS = 50 YEARS

**. DISCOUNT RATE = 5.0000 PERCENT

t,t D,AMAGE BASE = 1992 DOLLARS

STUDY BASE ... DECADE YEARS .... ..DAMAGE YEAR YEAR 10 20 30 40CATEG0RIES 7992 1995 2oo4 2or4 2024 2034

1 CAT1 377.32 331.81 379.39 440.30 510.99 593.02
2 CAT2 0.00 0.00 0.oo 0.00 0.00 0.00

T0TAL 377.32 331.81 379.39 440.30 510.99 s93.02

END OF EQUIVALENT
50 PERIOD ANNUAL ,.... HISTORIC EVENTS .....2044 2044 DAMAGE 1950 1970 rg74

688.23 688.23 423.97 768.24 227 .67 247.7s0.00 0.00 0.00 0. oo 0.00 0.00

688.23 688.23 423.97 168.24 227.61 247.7s



TEST 8 - DYKTNG THE RED RIVER TO A HEIGHT OF 4OFT

,.X EXPECTED ANNUAL FLOOD DAMAGE **

** FOR REACH 1= 1 DAMAGE_REACH_ONE

**< I.¡ITH PLAN 1 = DYKING THE RED RI R T0 74S .4FT

** INPUT DATA YEARS = 1950 1970 1974

*x PERIOD 0F ANALYSIS = 50 YEARS

x*. DISC0UNT RATE = 5.0000 PERCENT

** DAMAGE BASE = 1992 DOLLARS

STUDY BASE .. DECADE YEARS ... ...DAMAGE YEAR YEAR 10 20 30 40
CATEGORIES 7992 1995 2oO4 2074 2024 2034

1CAT1 245.62 256.84 293.67 340.81 395.53 45s.02
2 CAT2 0.00 0.00 0.00 0.00 0.00 o.0o

TOTAL 245.62 256.84 293.67 340.81 395.53 45s.02

., END OF EQUTVALENT
50 PERIOD ANNUAL ..... HISTORIC EVENTS ...2044 2044 DAMAGE 1950 7970 7974

532.72 532.72 328.77 130.22 176.78 !A7 .ß0.00 0.00 0.00 0.00 0. oo 0.00

532.72 532.72 328.17 r30.22 176.r8 787.76



APPBT{DIX E: STRUETURE-INVENTORY
LISTINGS
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0
0
0

DELTZ

0
0
0
0
0
0
0
0

'0
0
0

DELlZ

0
0

0
0
0
0
0

l0l7 550806, 6J1519 ltl 1 0
r0l8 5503063 617545 111 11t 0
r0l'l 5508075 617506 768 768 0
1040 5500t01 631411 111 0
l04t 55082t7 617f40 7lt 171 0
1042 5500271 6l?579 76A 7t0 0
l04l 5508256 6176u 778 778 0
1044 5500124 617710 181 181 0
1045 5508271 61t749 1A1 181 0

_ t!l!! _,_:::: --,",_,.9:! ---, li, ru¡rb s\00/8( ¡)ltazt 75; t; ;
r0,r7 ss03l0r 617868 7s8 7s8 0
1048 ss08l4 r 611t20 758 15A 0
1049 ss0tl6{ 6Jt47a 155 75s 0
Ì050 s500175 61992t 755 755 0
r05r 55tt911 G11622 18r 784 0
to52 5511921 617509 78t 73r 0
l05l 55¡1871 637459 7gr 70t 0

'0s4 55r¡819 611514 70r ?0t 0
r0!! 55ll002 6]7491 78r 73r 0
rfj56 55rr?52 617522 rlt tt( 0

I¡DLG NO'N COLD S'TOPO DELTZ

1097 5511003 617616 184 184 0
¡0!8 5511695 6t1466 lt\ 't74 0
1059 5510210 ß\7011 111 111 0
1060 5510216 (,37146 111 111 0
1061 5509886 637,1114 -tia 71a 0
1062 5s099rr 617516 78r 70r 0
1061 5s09698 611422 1t1 11t 0
1064 5509754 631441 171 171 0
r06s 5509754 617501 ?68 760 0
1066 5:iî-48r0 6t7484 78t 781 0
1067 ¡.'1i14ú0 ß1-t6ß6 181 70',7 0

'M --___:!:T _-_-__19:l --,-,,!9!9,-- ^oJ s,opo DELrz

ruuu \5oe5o4 t,ut?/ ;;' ;;; 
---------;

1069 5509128 6lrs4 r 114 t-tr 0
1070 5509322 617091 16\ 't6t 0
r07r 5509214 617491 764 16tt 0
10t2 5509214 Gl7sr6 705 ?05 0
r07t 5509259 617505 t7 t 0
r0?4 54094¿2 6t1512 16tt -t64 0
1075 s509204 637685 7û4 7A4 0
1076 5509197 63769r 't14 174 0
ta)1 5509209 6J114t 78r 78r 0
t073 5509t51 G11122 ?fn

i9::l
st,
5L
st,

51,

st,
SL

51,

5L

s¡,

st,

sf,

1lt1!'l
I

I

I

I
I

DELl'Z r{oDEr tDnctì ¡Bot,c noÊN coLE ÀDJ sloÞo

sf, r 1079 ss0897 r 63?509 184 ?84
s¡. I 1080 s509009 617578 114 114
sL r r08r s508978 637610 11t I7t

1002 550ÛBt6 6116t6 78¡ 70r
sr, ì r08t 5508827 617553 78{ 784
sr, I r0a4 5508777 61757S 181 191
sL r r0û5 5508721 617585 184 784
ç¡, r 1006 550885t 617?15 114 11\
sr, r 1007 5s08896 ßJ77t1 114 r7r
sr, ¡ t038 550082? 617154 78t 7ûr
sI. I 1039 5503?31 617?:15 1A4 7A4



sr, r ttt2 5509659 61t587 ?6,1 164 0 s¡, 
' 

91 55t2947 611420 111 11.t 0
sr, I rr4t 5s09625 611417 758 758 0 SL r rr94 5512947 6114?6 1tt 111 0
5r, r ll44 a509tl2 61t470 t64 764 0 SL I ll95 55t288¡t 6ll4t5 111 tll 0

sr r lttç 55128ú6 6tt7rs 768 768 0
lorn;r rDnc l00LG no!¡¡ col,n 

^DJ 
slono DELIZ sf, I tt9] 55t?809 631802 ?60 760 0

sr, r r r98 551?t1a 6J1814 ?68 ?68 0
sr, I rr45 5509)90 6t1550 111 0 sL I rr99 55t275t 611370 o
sr 

' 
||46 5509770 ß7t162 t6A 168 0

s¡, I ll47 5509851 61117' 768 )6A 0 KOoEI tDnCIt I0DLG nO\,{N COLE 
^DJ 

STopO DCI,TZ
s¡. r rr48 550n8r/ 61r)rJ 16A 7ù0 0 ----- -----
sr, r r r¡1, 55r009r 6tr2s6 tlt 111 0 sL r 1200 s5t2t07 6ll9s9 16t t64 0
sr, r u50 55t0ll0 6!1211 t1t 0 sL I t¿ot 5512684 611840 -tt1 111 0
sr, r rf5r 5501970 612199 768 760 0 sL r 1202 5512709 611746 111 111 0
sr, | ¡r52 55r0rl5 6t|lll tGg ]6A 0 sL r r20l 5s12611 613765 111 1tt 0
sL r r r5l 5sr0r54 6lr r59 168 168 0 sL I 1204 55t26r5 613984 111 -ttl 0
sf, I I 154 55l0l5l 611242 168 ?68 0 SL I t205 55t2?21 614 t23 t45 145 0
sf, r ll55 5510192 631113 11t 1lt 0 sL I 1206 55¡2740 614019 t61 r6t 0

sL I 1201 55r27sl G14035 tll 11t 0
fioDcr rDnclr ¡fÌDt,c no!,N colc 

^DJ 
sTopo DELIZ 5L I 1200 5512778 614001 t64 164 0

sL I l¿t)'l 5\¡27')0 6t1947 164 76{ 0
s¡, ì r 156 55t0-t!2 611091 111 111 0 SL r r2r0 5512851 611951 764 164 O

sL l t57 5510757 6lt04t 111 17t 0
sl, l 58 5510815 61114' 111 111 0 KoDEI IDnCH IûDLC ¡tOh¡N COLE 

^0J 
SIOpO DELIZ

sr, r r r5t t!r0r56 6lr r40 1 t | 0 -
5r, r ì160 5510776 611106 111 11t 0 sL ¡ l2rr 5512853 611909 764 t64 0
sr, r Í6r s5r086,1 6326(,0 75û 7s8 0 sL t t2t2 5sr2897 6t3897 761 761 0
sL I 1162 551014 632901 181 7€r 0 SL I tzll 55r294r 6t3059 ?s8 758 O

st, I 1163 551066' 6lt0ll 111 11t 0
ll6il 5511146 611020 0 l2rl .oxs $l.cr.d,

5f, r 1165 551ll5r 611001 7ì1 11t 0
sL I 1166 55Íl6G 63|17 ?63 763 0

IDDLC nOrN CO[,E 
^DJ 

SrOPo DeLll

sr, r 1167 55'2590 631058 111 1lt
sr, r r 160 55r 1924 61308? 745 7,15
sr, r r 169 55r 

'879 
611002 75s 75s

sr r rr70 55,¡218 63295{ 784 784
rrTr 5511265 6ll2s0 lû-t 191

sr, l tt12 55r't,10 613256 704 784
sr, r r r7t 55r r3r8 611125 768 76€

ll74 55¡1504 6ll40t 768 768
rr75 5511604 6ll4t5 t1l 111

sL 
' 

t176 55r2r94 6lt7s9 78r 78r
sL r tt11 5512062 613112 16t 76r

rio0cr tDnclr rsD|c coLE ,\DJ slopo OEIT

sr, r r t70 5sr2l26 611407 768 160
I r79 55t2363 6Jl{5r 760 768
r ì80 55124 14 61t420 768 ',768

sr, r rr8r 5512{76 6ltstt 768 76s
5f, 1 ll82 5512464 611510 tlr 't1t
sr, r I t8l 55t2t95 63163t 114 t14
st, 1 ll34 !5t25ll 6ll6tr 11¿t 174
sr, r fl5 55r24a9 61t702 1111 174
sL r r rB6 ssl240r 6lt99r 79r 791

llÛ7 5512432 614019 1A1 7A7
st, I 80 55t246t 6!4r)72 734 784

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0



5l cÀ'f, lr,ì2 50 2 eÀs1 oF DyKE
54 CÀrt w2 50 2 E^ST O¡r 

_OYKE

5! C^Tt Í¡2 \O 2 c^s1.:ot _Dyt{F:

¡¡DLG IDCAT VIFS DELI'G ¡AOIJR

56 C^11 rìnz 50 2 E^Sr OF DYI{E
57 CÀIl ltnT 50 2 E^ST_OF_Í)Y8e
53 CITI R2 50 2 CASI Or OYrle
59 C^rl lln¿ sO 2 EÀSTìF'Uy¡(E
60 c^rr |ln¿ 50 2 E^Sr-oF:OYxe
6r cÀ.r¡ HR2 50 2 e,\s,rìFìyfiE
62 C^r' r¡n2 50 2 c^sTìF-oYr(E
63 CÀfr n2 <o 2 eÀsr oF:DthE
64 C¡\],r xn2 5o 2 E¡S'r'oF-DYfiE
65 cÀrl lìn2 so 2 EÀsr¡F-Dyke
66 c^rr n2 50 .¿ E^sr-oF_DyKE

¡DDLC ¡DCAT IDI VIFS OELTG ¡ÀOON

67 CAT| trn2 50 2 EÀSÎ OF DY(E
68 c^11 rr? 10 2 easr'oF-oYHE
69 CÀÎ| ¡ln2 50 2 EÀST OF Dyr{E
?0 c^11 fln2 50 2 EÀSTìF-0YHE
7r c^rl n2 50 2 E^STìF OYKE
72 C^rr Hn2 50 2 E^Sl-or OYKE
?l c^TI t¡n) 50 2 EÀSI-OF_DYKE
?{ c^Îr n2 s0 2 E^ST-OFIyRE
75 C^rr trn2 50 2 E,rslìF DY¡{E
76 C^Tr itn2 50 2 eAsTìF-DynE
77 C^rr Hn2 r0 2 EÀsriF nYec

IûDLG IoCÀt ¡Or vrrs DeLTc I^DDn

70 c^TI tln2 50 2 EÀSî OF OY|{E
79 CÀTI IJR2 50 2 EAST OF DYßE
80 c^Tr kn2 \o 2 EÀSlbF oYRe
8t c^T¡ lln¿ 50 2 ¿ÀsÎ-oF DYKE
02 CÀTl ¡rR2 50 2 C^ST_OF Dy(E
8l c^ ¡tn2 so 2 EÀST-OF-DYÌ(E
84 C^rr rn2 50 2 EASTìF-DYKE
85 (^Tr ,tn2 s0 2 eÀsÎìr-oYfie
86 CATI rln2 50 ? EÀST-oFìyXc
87 C^Îr lln2 50 2 EÀST OF Oyr{E g8 c^T' lrn2 50 2 D^sTìr'oyKE

tvli __,_-

tt^sÎ-oF_oYl{E

e^sl 0F Dyxe

E^S',t OF_DYX0

89 cÀ'rl ¡ln2 SO 2 EÀST oF Dyr{E
90 c^11 trR¿ 50 2 É^ST-oF-Dy(o
9r cÀTr flR? 50 2 EÀST bFiYkE
92 C^T¡ Hnz 50 2 E^ST OF-DrRE
9l c^Îr r¡¡r2 to 2 ¿^5T-OF-DY|{E
94 C^Tr IR/ 50 2 EÀST OFlyr{E
95 C¡Tl ¡rn2 50 2 E^sT-oFly¡(E
96 c^rl Hn2 50 2 EÀsTìF-Dy¡{¿
97 C^ n2 50 2 eÀs,r-oF DY¡e
98 c^rr n¿ 50 2 E^ST OF DYfiE
9t c^Îr rrnt ço 2 E^sr:oFloyñc

_____ll9:: lg:il___ l!l _____yl:: _____o'Lrc 
rÀDDn

roo cÀrr rn2 50 , ;;;;-;; 
"r;; r0l cA lln) 50 2 E,\ST OF-DYI¿

to2 c^Tt n2 50 2 ¿¡srìr'oyr¿ loJ c^ n2 10 2 EAST OF DYI(E

::1r!
2
2

2t
2t
2t
2t
2l
2t
2l
2t

2t
¿t
2t
2I
2f
?T
21
2¡
2I
2f

nEt,¡G r
- ---;; - ------ 

; ;;;; "; ;;;- 50 2 EÀSl 0¡: DyK¿
50 2 EÀS¡ OF Dy¡{A
50 2 E^sr oclDy¡(e
5D 2 EAST OF DYKE
st) 2 s¡Srì¡-oyxe
50 2 D^ST OF OY|{D
50 2 E^Sr-O¡r DyßE
50 2 e^sT oF DyKE
5A 2 EÀSl OF DY¡{E
so 2 eJ\sT_or-DYxc

vrFS DC¡,rC ¡^ODn

50 2 E^SÎ 0F Oyt{E
so 2 e¡slirìyx¿
so ¿ e^srìF-Dyxc
so 2 ÉÀsr_oF:Dy¡(E
50 2 EÀSr OF DYIrE
50 2 E^sT Or DYXE
so 2 E^sl.iFìy(e
so 2 E,\srlniyxE
so 2 E^sr-orìyxg
50 2 EÀS1' OF OYKE
50 2 E^S1,_OF,DYKE

V IFS DELîC I¡ODN

50 2 EÀST OF DYK¡I
ao 2 ees,rlorìrxe
50 2 [^s1 0F oYKtì
50 2 E^ST Or OYNE
50 2 e^sT oF Dyt{D
50 2 E^ST OC DYI(C
50 2 e,rsr orlovxe
50 2 EÀS'I.OF DYKE



2 t^sr-oF f)Yl{c
2 EAST,OF OYI{E
2 úAST OF DYKE
2 EÀST OF DYI(E
2 e^s r 0F DYI{E
2 EASTìFìY¡{s
2 EAsr:oF:DYÍE
2 E/\ST OF DYI(E
2 EAST-OF-DYKE

2 EÀSÎ OF DYI{E
2 E^ST_O¡' DyKE
2 EÀsT_OF_DYI(E
2 E^5T_OF-0YI{E
2 EÀST O¡'OYXC
2 E^STìF_DYKE
2 e^sr:oFloYxe
2 ¿¡ST OÉ DYI(E
2 E¡STìF_DYXE
2 E^ ST-OF-OÌ l\ E
2 EÀST-OF-DIRD

DELTG IADDR

lrRt 00
flnl 80

00
rnr 00
lnl 80
¡tnl 80

lRl lr0
rnr 00

¡¡DLG IDC¡T IDI VIFS

¡88 cÀÎt ltn2 50
r89 CÀrl rR2 50
¡90 c^T1 In2 50
r9r cÀTr Hn2 50
¡92 cÀTr fln2 50
t9l c^1t lln2 50
¡94 CÀÎl lln2
195 C^r r IF2 50
196 c^îr rn2 50
r97 C¡Tr ¡rRz 50
r98 CÀTr rR2 50

100 cÀl 1

l8l c^TI
102 cÀTt
l8l c^Tr

;;;_;;_;;; 2
2
2
2
2
2
2
2
2
2
2

ÍBDLG IDCAT TDI V IFS

r99 CÀTr lrftr 80
200 c^T I Hnt 80
20r c^r r B0
202 c^Tl ltnl 80
201 C,\Tl ¡lnr 80
204 C^rr IRI B0
205 CÀÎ| flnl 80
206 cATr ltnt 80
207 C^T¡ lrRI 80
208 CÀT¡ nt 80
209 CÀt I 80

_1!::-" 1Tl1___ 1:l ______lt:: ,--_-:!::: :T::_______
2¡0 c^11 nnl 80 2 BÀsT 0r DYKE
2rr c,{Îr trnr 0o 2 eÀsTìrlyllE
2t2 C^Ît Âr 8o 2 EÀSliF_DYxS
2 rl c,rTr ||n r 00 2 €ÀsTìFiY¡rs
2r4 CÀrr ¡rRr 80 2 E^sTìFìYne
215 C^11 llRt 0o 2 S^ST-OF-DY¡(E
216 cÀTr 80 2 EÀSTìFìYIE
2r7 CÀrl ¡tnr B0 2 E^STìF-DYXE
2¡8 C^T¡ tlr 80 2 E^ST-Or-OYke
2r9 cÀT¡ |lRr 00 2 EÀSÎìF-DYÍE
220 CAT¡ Inl 80 2 EÀSÎ-OF-Oyke

DDLÎG IÀDDR

2 EÀSÎ OF DYKE
2 EÀSI_OF-OYXE
2 EÀST OT DYKE
2 e^sr_oF:DYlre
2 EAS,I-OF,DY¡{E
2 Ei15Î_OF,DY¡(e
2 8ÀS1 0F Dyl(e
2 EÀST OF DY¡{E
? EÀST_OF_DY¡(E
2 E^ST_OF,DI¡(e
2 E^sT OF Dyl{A

502
502
502
ao2
502

_Dvl(D

-DYKE
,Dll(E

OYI{E

EÀS1_OF
t^sÎ 0¡

E,\ST.OF

a^sT 0r

¡ODLG IDCÀT IDI VIFS

221 C,\Tt ltRI 80
222 C^11 flRr 80
223 cÀTr rnr 80
224 CÀTt 80
225 CATI rRr 80
226 C^11 nr 00
221 C^11 rnr 80
228 c^Îr uRl 80
229 CÀTl ¡lnl 80
210 cÀ nnt 30
2ll cÀTr HRr 80

!0
50
50
50
50
50
50
50
50
50
50

vtFs D0tT6

502
502
502
502
502
502
302
802
502
802
502

502
502
5D2
802
802
802
802
002
802
802
n02

I l! ,G ¡Da^ r ¡Dt

r55 C¡1r rn2
r56 CÀTt n2
t57 CÀl1 Hn2
r5ll c^ ltnl
r59 CÀrr Inl
160 cÀTr HnI
l6l cÀÎ1 lrnr
162 C^1r
t6l c^Î 1

164 c^rr fl¡l
165 c^ ItRt



tu tJvJ 5¿¿
¡u¡l tJVf rt¿
tüfi LLVf t¿¿
tuH tru) zL¿
lu¡l tJ,vl r ¿¿
1UIl tlv) 0¿¿
tuI tJ,v) 69¿
!uri tJ,vl 89¿
lùll t.t,vl ¿9¿
lùlt tJvf 992

- r1:._-_ll:l l:1
tûl .Ì,v)flr 9'rí01

?JlÌ0-Jo-t,sv3 z 06 tu Lt,vt t9¿
3v¡0,.1o Jsv:l ¿ 08 tu t.t,vl 19¿
!yÃ(ì_Jo,_l,sv3 ¿ ai lùIl tJ.u) ¿9¿
!)t¡o_Jo,t,sv3 ¿ 00 tùll LLV) tt¿
3)r,{0_Jo_J,5V¡ ¿ 00 tu Ll,vt 09¿
ây¡o,Jo_.Lsv3 ¿ 00 t¿v) 6ç¿
âvÀo_.Jo_J,sv3 ¿ 08 tùu tJ.vf ûq¿
3)l¡0_Jo-.15V3 ¿ ù8 tùll tJ,Vf ¿j¿
3v¡o .lo ¡sv! z 08 It ttv) 9s¿
3vÁ0_ilo,J,5v3 z 08 tIV) ç¡ì¿

lll-" i9 Il: 1_..____,-- !g __,_-_ l1'l - ''ur 
oç,

s¡^ ror ;;;i "¡;;-

0t
OB
00
00
00
06
00
00
00
0t
!!_-,

3)t¡q-Jo tsv! ¿
3)¡¡O-.i0 lsv! ¿

af¡o_Jo_Jsv3 ¿

gr¡Ã0_.io-Jsv0 ¿

!Ì¡o-Jo-J,sV3 ¿
?y¡q_Jo_Jsvo ¿

:t19_:9_i::: 1 - ,__
uÛcvr 9r,1.rü

3y¡o,Jo-tsv3 z 0û t¡ü LLVf, t¡j¿î!Ão ¡ro rsvS ¿ 00 I.Lv) ¿ç¿
1vl0_rì0_l,sv3 ¿ 0B tU ¡,LV) ¡ç¿
n!Ão_Jo_J,sv3 ¿ 08 tut¡ ¡.LYf oç¿
!)l¡o-Jo I5v3 ¿ 08 tu LLV] 61,¿
3r¡0-Jo,Lsv¡l ¿ 00 tu Lt.vf 0t¿
!v¡0_:ì0_J,sv3 z 00 tu Lr,v) ¿r¿
îy¡O_JO_JSVâ ¿ 00 tìlt¡ ¡,t,v) 9t,¿
3vÀo_Jo_Jsv! ¿ 00 tÙrr tJ,v) 9r¿
3rrû Jo IsvS ¿ 0€ tull ll_v] Íü¿

_:11:_::,i:::1 ______ 9!_-_,- _ t:,t ___-l::: !1!
uÛovt 5,L,tito s.lt^ tol JvJo¡ Ðlo0t

srrd¡d¡.svs ¿ 08 rurr rrvt rgtgrÀs-Jo-rsv3 ¿ 08 tuü tJV:t tttgtÃo_lo-Isv3 ¿ 08 trY) ¿aa

_____________-_-,--_::::_i:_::l:1_______ 08,''|¡,rvr,',
uoov, e'3û '';.,;;-----;;; -..;;;; il;-----

3yÃo-Jo-Jsv3 ¿ o0 lutr trv) 6ll
3)¡IO Jo_ISV3 Z 0g t8 trvt gtl
!rfo-J0-r.sv3 ¿ 00 tut¡ t'tvf ¿tg
3)t¡c_Jo-¡sv! ¿ 08 tÙH tJtl 9te
af¡o_Jo_¡sv3 ¿ 00 tùt¡ tJvl çte
3t¡c J0 rsvg ¿ 08 tùH trvl ÞtÊ
Strc-lo-tsvr ¿ 08 tuH tJ.lrt c¡c
s1¡c_Jo_rsv3 ¿ 08 tìjt¡ t¡vt ¿t I
3v¡o_ro-rsve z 08 tuH tJvt L¡g
Srlc_jo_¿svs z 08 tujt tJr/t 0t¿

:y:_i9_Ì::: t____,--, !!________ l!,1 _-__tit? !9!_______
uoovr 9,1,1!0 sJl^ tol ¡v¡o¡ 91o0t

3'ro-Joisv¡ ¿ 00 rül rJ,vl ooe
3lÃo_Jo_ùsvs ¿ 08 turr tJ-vt ¿0t
3)¡rû ro ¿svs ¿ 00 t!Í tJvl 9oc
3v¡c_J0,¿5vr ¿ 00 td¡l tJYf ç0t
S'IS_JO_¿SV3 ¿ 00 tül{ tJ,vt toa
?x¡o to_Isv3 ¿ 08 tu t¿vf, tDt
3r{o_Jo_Jsve ¿ 08 tu¡t tJvl ¿0t
3y¡g_Jo_,Lsv3 ¿ 08 tx tJVt tot
3trg J0 r5t3 ¿ 08 tùl l¿vt 00[
3x¡o Jo-¡sr3 ¿ 08 r tr ttl) 66¿

1!919 i:::1______--, 99 ____-- l:t __-_li:: !i:_______
J00v¡ 5J'130 sJt^ tfl rv¡ct 9,to3 ¡

3)tÀo-Jo ¡sv¡ ¿ 08 tìljl trvl ¿6¿
srio ¡o ¡sv3 ¿ 0B rul lJvl 96¿
Syxo-lo-¿svs z 0s t¡¡¡l tJ.Yl 96¿
0)¡¡0 J0 J,sv! ¿ 08 tù tJ.vJ t6¿
lxrû-Jo-Jsvs ¿ og |lt¡l LJv) e6¿
srÀo-Jd¡,svâ ¿ o0 lltH lJv] ¿6¿
3)tÀo-lo-rsv3 ¿ 00 tuti tJvt 16¿
!v.{o_r0_Isv3 ¿ 00 tJvf 06¿
rrÃo lo-rsv3 ¿ 00 tù¡t lJvtr 60¿
3y,\o_Jo-,Lsv3 ¿ 08 t¡It lJv) 80¿

________,-________:ll:_i9_::l:!_____,- 00,u,,,rvr¿e¿
,,0,,v¡ sr'):,u ;:;;'- ,"; 

---;;;ì;ì"",'

3)rÀolJo:rsvs ¿ O8 tùIl rr.vJ eu¿
3rÃo rlo LsvS ¿ 0ß tù tJVf, st¿



186 CìTt ltn¡ 80 2 E,\ST OF DY(e
l0/ cÀTr 0o ? E^sl-oF:DYnc
lot cÀTt ¡tnr 30 2 EÀsr-oF DYI(E
389 C^11 lrnl 80 2 Ê^ST 0F DYr{E
'190 c^Îr llxr 8o 2 E^sr-or:DYÍe
39I CATI 80 2 EIST OF DY¡¡¿
J92 CÀÎl ¡tfrl BO 2 e^st-oF-DYK¿
J9l CÀ1 r In | 80 2 n^ST¡F-DYRE
194 C^Tr irnr 8o 2 E^sr or rryKe
l9s c^T¡ xnl 80 2 E^sr oF oYKE
Jr6 cÀÎr 80 2 e^slloF:DYkE

.,- -1:?T 1::i1_ 1:l -,-:l:: ____:::t::i:::___ _--
l9r c^Tr nl B0 2 E^sT oF Dy[¿
198 C^rr IP¡ 0O 2 EÀSIIOF:DYXE
199 C^TI llnl 80 2 eÀST,OF Oyr{E
400 cÀ1l n¡ 80 2 E^sT_oa_DY(E
401 cÀTI llnt 80 2 EÀsî oF DYXc
402 CÀTI 

'IR¡ 
80 2 EÀSTìF-DT8E

Aot cÀÎr rrrr 8o 2 eÀsl-oE-oYfiE
404 C^Tr ¡rnr 8o 2 E^SIìFìY8E
405 CÀTr Hnr 8o 2 E^SÎìF-DYÍe
406 C^Tr rRr 80 2 eÀSTìFlY¡r¿
407 C^Îr rrnl 80 2 c^s1ìFlyKE

IBDLG ¡DCA'T ¡DI VIÊS OEIÎG ¡AODN

408 c^Î¡ l¡tìl 80 2 0Às1 0F DyKE
,r09 c^Tr a0 2 EÀsÎ:oF:DyÍE
410 cÀÎl Hnl 80 2 o^sT-oÊ_DyxÞ
4ll cAll H¡ìl 80 2 eÀsÎ 0F Dtr(E
4r? cÀTl Hnr B0 2 E^STìF-OYKE
4I3 C^TI IINI 80 2 EÀSTìFiYXE
4r{ cÀTr flnr 8o 7 EÀsT-oFiYXE
4 rs c^rr o0 2 aÀsr:of:DYxE
416 C^11 Hnl 80 2 6^SÎ,OF,DYXc
417 CÀTl rnl 80 2 E^ST 0E DYIE
4r8 C^Tr rnr 80 2 EAsTloF_oYxE

IBDLC IDCÀT ¡DI VIFS DEL'TC IADDN

4 19 C^11 rnr 80 2 EÀST 0f DY¡{E
4.20 C^rr rFI 80 2 E^ST"OF-DYKE
42I CÀTI IINI OO 2 EÀST OF DY¡{B
422 CÀÎr rRr 80 2 EÀST:OFIDÍKÊ
421 CÀTI ¡tRI A0 2 AÀST OÊ DyKD
424 CÀÎr rRr 80 2 EÀSllOtlDYße
425 CÀÎ| lrRl 80 2 E^ST OF DYKo
426 CÀT¡ ¡rf,r 0O 2 EÀSîìF-DY(E
42l CÀTl 8o 2 E^ST-OF-DYKE
428 C^Tr llAl 80 2 ¿^STìF-YKE
429 C^T' 80 2 e^s1_-OFIDyRE

¡8DLG IDCAT IDI VIFS D€LI'G ¡ADDR

410 c^11 Hrìl 00 2 EÀsT oF OYr{E
,IJ¡ C^TI 80 ? EÀSTìF-DYI{E
4t2 C^Tr 8o ? EÀSTìF-OIHE
4ll c^11 0o 2 E^ST¡F-Dy(E
414 CATI lrnr 80 2 eÀsT-oF-DYXE
415 CÀrr 0o 2 E^STìF-OYRC
4]6 CÀTI IIÍII 80 2 EÀSTìFìYfiE
41? C^Tr rnr 80 2 eÀsT-oFìrfiE
418 CÀTr 

'rnr 
B0 2 e^srìFìY¡(E

Alt C^rr 30 2 eÀsÎìF-Dt¡{¿

l l5 cÀ1t lìnl
116 c^11 tnl
Jl7 C¡11 llnl
Il3 C¡ rl t¡ìI
ll9 (^'rl
140 c^r I

14, c^T r lrn l

_1::!: l:!lt 191
142 C^rr |lnl
l4l C^Tr llnt
I4,1 c^l 1

145 C^ rl lrnl
l4Ü c^rr
14, cÀ ¡l lrRt
140 c^TI lln¡
149 CÀî1 lrnl
150 cÀ'rr Bnr
15r c^ rr ßnl
l!2 c^¡l lìnl

lt!!:19!11 1?l
l5l c^l ¡ lrn I

154 C^T¡
155 CAl l tnl
156 CÀîl lnl
157 CÀî| ¡rf¡ I
153 C^1 r flRl
:l5t c^rl ìrRl
160 car I
16l c^1 1 llnl
.162 CÀ1f lrnl
16l cÀ rr lRl

I ÛDI,G IOCAT IDI

164 CÀ tl lrR I

165 C^t l ltRl
166 C^ rl IRI
167 C^lr llnt
16Û c^1r Int
169 C^ rr
ll0 cÀTI tìnl
17l c^TI tnl
17¿ C^T I

ll7 3 cÀ rl tnl
174 C¡ rl trnl

_ l:"-!: :::il-__ ::l
l?5 c^1r fi¡ì |
176 C^rt Inr
lr7 c^l r In t

l7Û c^1 r

lr9 c^r'l
llJo c^tr t l
lB I cÀ't1 flnl
132 C/\Î¡ ltRl
3Bl CÀ1-' flRI
104 cÀ1 , lrn I
105 C^Î1 ltFI

_,.lli!: l!!it, - 1:l



491 CÀTl nt 80 2 EÀSÎ OF DYXtt
4t2 c^Ît nr 80 2 E^ST Or DY E
491 C^fl nt 80 2 eÀsT oF DYÍE
4'14 C^T¡ ¡t AO 2 E^S.r OF-OYxE
4r5 CÀTl lrrt Bo ) E^SÎ-oF-DY¡!E

___,-::9:: :::11_-_ :Ìt __:t::,-- 9:11:1i9!1-___"---
496 C^rr ¡tnt ao 2 E^sT oF DYrjE
49/ C/\Tt nt 80 2 EÀSî OFìY¡(E
{r8 c^rr ¡tnr 80 2 E^sr-oFiY¡(s
49' C^T¡ rrr BO ,¿ E^S|ìF-DÌIE
500 cÀÎt 00 , E^s.t oF DYK¿
5OI CÀ'II IINI 80 2 EÀSTìF DYIE
502 CÀTI Inl 80 2 EÀST OF_Dyt(E
501 .^rt ¡tnr 80 ? EÀsr-oF-oyKE
504 C^rl 0o 2 EÀsÎ or DYKEtì05 cÀÎt ltp? ao 2 E^sT-oF-DykE(06 cÀÎl |t,2 ao 2 E^sT-oF-Dytr6

¡BDLG IDCÀT VIFS DELTç ¡AODN

507 C^Tl fln? 50 2 EÀST OF DYKÊ
508 CÀTr l 2 50 2 EÀSÎìF-DyKc
109 c^Îr ¡tn2 50 ? E^sT-oF-DYr{E
5r0 c^Tr R2 50 ? E^ST-OFiYXE
5rr c,\Îr R2 50 2 E^STìF-Dy|{E
5I2 CÀTI IIIì2 50 2 EÀSTìF-DÌRE
5l] C^Îr t¡2 50 2 E^ST-F-DYßE
514 Cr\Tr nn2 50 ? EJ\s1 0F DyKE
5I5 CÀTI IIR2 50 2 EÀSTìF-DYKE
516 CATI IIN2 50 2 E^STìF-DYRE
5r7 C^rr n¡ 50 2 E^ST:OFIDyRE

I [DI,G IDCAÎ ID¡ VIfS DEÍ,ÎG IADDN

5r0 c^Tl ¡rn2 50 2 D^sT OF DYKE
5I' CATI IIN2 50 2 EÂST OF OYKE
520 C^11 riPz 50 2 EÀSÎ-OF-OYXc
52¡ C^TI n2 50 2 E^St OÉ DyKE
522 CÀTI tinz 50 2 EÀsT-oF-DYr{E
521 C^lr |n? 50 2 EÀSr.oF Oyr{E
524 CÀTr Hnz 50 2 EÀsT-OFIYßE
525 C^T' rnz s0 2 E^srìF-DyxE
526 c^Tl rrP2 50 ¿ e^sr-o¡ oytiE
571 CÀ1| Hn2 50 2 E^STìF OyriE
520 C^Îr Hn2 50 2 EÀ5Î-OF_DV|(E

¡DOLG ¡DCAT IIJI VIFS DEL'TG ¡ÀDON

529 C^ tin2 50 2 EÀsT OF Dy'(E
sì0 c^Î¡ t¡n2 50 2 E^ST OF-DYI(e
5lr cÀTr llî2 50 2 E^STìFIY¡(E
512 CÀî' I32 50 2 EÀSTia_DYnE
5ll c^T¡ rtn, s0 2 Ê^STìF-oyr¿
5]{ CÀT' IIN2 50 2 EÀSTìF DYfiD
sis c^T¡ nt!2 50 2 E^sriF-Dy,{E
536 cr\lj rrn2 \o 2 EÀsT-oF-DyxE
517 CÀrt n2 50 2 E^sl-or DyKE
518 CÀÎr n2 50 2 E^STìÊ-DYKc
539 CÀÎ¡ trn) 50 2 €^sTloF]DYrE

-____::::: :9!il-," l!t _-____:::: ____::::: 1T:1___-_-
540 C^Ît n2 50 2 .E^ST OF Dyì{Ê
54rcÀÙ 'Ip) 50 2 E^STìF-DyKE

440 C^1 r nl B0 2 n^sT or_DYf(E

¡rtor,t ll)cÀf IDI vrFs DIìt,]c I^ODn

441 C^1 1 80 2 €^Sr OF OIKe
4r2 t^tl nr ûo 2 c^s1ìrìYxE
44I C^rr AO 

' 
[,\SIìF-Í)YRE

00 2 E^S'tj OF OY|{E
44¡, c^l t 8U 2 E^SliF OYhe
14¡ c^1 t 0o , E^Sr OF OYHE
44/ C^rr I I 0o 2 EÀSI.'OF nYRE
I4B i^11 30 / E^sTìF-oyt(r4rr c^rr 00 2 e^sr-F-rryKe
4!0 CÀrl trnl 00 2 E^ST OF oyl(E4rr c^fr 

'tnt 
no 2 ¡ì^sr_oF:oYXE

¡Dl vlrs oELrc I^DDn

452 C^Tr Unl 00 2 EÀST OF DyKE
4¡i r c^rr nr 00 2 E^ST OFIYKE

In| au 2 e^sTiF_Dfr{s¡r\s.^fr Fr 00 2 e^sT-F-DY¡{e
456 cÀll nl 80 2 E^sTìF-Dyr(c
4c7 .^1t nr 00 2 û^Sr or uYß€
l5q .^1 1 llnl 80 2 E^STìF-D|¡{E

l¡lìt 30 2 E^s'l oF-DY¡{E
rc4 r 

^Tr 
ao 2 E^5T-OFìYHC

t¡nr 3o ¿ E^s1-F-DYr(6
462 C^l r fto 2 E^S'r_Or-DYntì

IûI)LC rDC^r tDt VrFs lrEr,lc ¡^Don' 
,6, .;;;---- ;n; 

' ';; 
; ;;;;;;-;;"

4¿4 .^1 r 30 2 E^sTìr-DYRe
IÙL (^TI IIPI OO ? E^STìF'DYI{E
1!C .^1r llnt 8o 2 E^srìF DYxe
46? C^l r 8o 7 ÊÀST OF DYr{E

0o 2 e^sl.bF oyxE
461 C^ ltnt AA 2 EÀsÎ oF-DYttÊ
1/{J CÀrr Int 30 2 GÀSÎìF_DYKEt?t (^rt lRt 0o 2 E^s,rìFiyRE
4 /2 (^1 lrr 80 2 E^s]. oF DY|{E
471 C^Tr 8o 2 E^ST_OF-OYKE

. -1i!!: :::il-_ lll _____yt:: - ::'rt! 11991
414 C^\'t llnt 80 2 E^sT oF DYKC4rr c^lr oo ) EÀsrìF-yfie
476 c^1t 0o 2 e¡srìr oyxe
l?? c^rr flnt ûo , E^sT OF DYXC
r?3 c^1r 80 2 f,^srìF nykÊi/t carr Do 2 E^s¡ìF-oyKe
ì€0 c^rr Int 80 2 EÀS1 OF DY|{E
4nr (^rr 

' 
rt 80 2 E^STìF-DYßE

4q) .^1r lnt Bo 2 e¡sr-br'oyxa
4€t c^fl rnr on 2 EÀsrìF-oyKE
4n4 c^rr Bo 2 s,rsrlon orxc

r¡Dr,c toc^r r0r vrrs ¡.¡cl,lc r^oDn

4Û5 C^11 80 2 EÀST OF DYI{E
4ûú .^l r Hnr Bo 2 E^srìFìyxE
't0/ .^l t nt 00 .) E^sTìF-UyËe
40¡ r^Tr B0 2 e,is¡1¡-oyrie
431 C^l t SO 2 C^S'r OF OyKE
4.n C^Tt IrRr AO ? E^S|_OF DyK¿



,_, l!::: l::u___ l9t -_ _,Itï _ !!!t: ll!!:___-
595 CITI Hn2 50 2 EÀST OF DYr(E
sr6 cÀrr n2 so 2 EÀs1ìF-DYfc
597 C^Tr nr so 2 E^sT-FiY¡{e
598 c^rl ln2 50 2 E^sTir-YnE
59t CÀTr R2 50 2 E^SI_OF DY|{E
600 c^TI n¿ 50 2 C^Sr OF-OYKE
60r c^Tr n2 50 2 casTìF-DykE
602 cÀÎr n2 \0 2 E,\ST O¡ OyKE
c03 cÀTr n? 50 2 EASI-OF-DyKE
ú04 C^11 n2 50 ? EÀST OF OYKc
605 c^Tl t¡n, 5u 2 EAST oF-DÌßE

-- _::9:9 l't!11___ l:t,-, I1:: _____:!!T 1i3::_______
606 C^Tr ¡rn2 50 2 EÀsT oF oYKC
607 c^r¡ lln2 50 2 c^sT oFìYXe
600 cÀît nn2 so 2 EÀsÎ-oFìY(E
609 cÀÎr nt 90 ? eÀsf-oFiyfiE
610 cÀTr r2 50 2 e^sTiF-oYKE
6II CÀÎI IIN) 50 ? EÀSTìF-OYKE
úI2 (ÀTI IIN2 50 2 E^STìFìYKE
6l] cÀ1I ¡tn2 50 2 E^sT-oF_DYfiE
614 CATI IIF2 50 ? EÀSTìF-OÌhE
615 C^Tr n2 50 2 E^sTìFiyhE
616 C^rr tn2 50 2 EÀ5T-OF-Dy|{E

- _ll!!! l!:lt__, l?t ______:t:: -- __9:!t_" l1:3:--,-___
617 C^Tr Hn2 50 2 e¡ST OF DYKE
6rg c^Tr lln2 50 ¿ E^sTìF-Dy¡{e
619 cÀTI Hn2 50 2 EÀSÎ-OF-DyKE
620 cÀTr Hnz 50 2 E^sTiF-DYr{E
67r c^1t ltn2 50 ? E^sÎ oF OyKE
622 C^Tr Hrì2 50 2 E^sÎ-oFlyrE
621 C^Îr n2 50 2 E^STìFìYKÊ
624 CÀTI Hn2 50 2 EÀsT-oF-DVKe
62s cÀTl l¡'r2 50 2 E^STìF-DIKE
626 CArr Hnz 50 2 EÀSÎïF DY¡{E
627 CÀT¡ lln2 50 2 E^ST-OF_DY¡iE

¡ ¡IDLC ¡DCÀÎ lDl VIFS Dc6TC L\DDR

62S CATI HN2 50 2 EÀST OF DYKE
6¿9 cÀTr rn2 50 2 E^STìFìY8E
610 c^fl ¡tn2 50 2 E^STiFìyfiE
6lr c^rr 

'tnr 
50 2 e^srìFiY(e

612 C^Îr IlR2 50 2 EÀSÎ-OF-ÞYKE
6tt c^rr fln2 50 2 E^sliS-OYfiE
6lr c^rr fln2 50 2 E^5T-oF-OYHE
615 C^Tr n2 50 2 E^Sl-oF-oYfiE
616 cÀrr llR2 50 2 EÀSÎìF-DY|{E
61, c^Tr n2 50 2 E^STìF-DIRE
6J8 C^Tr llR2 50 2 E^STIOF:OIkÊ

._---1:::: l::L- ::t ______::::,-___9::t: 1199t-, -___
619 C^T¡ l¡n2 50 2 EÀST OF DYKe
640 C^Tr Hn2 50 2 e^SIìFìYXE
6lr c^T, t¡n2 50 2 ÉASr OF Dyt(E
642 CÀTr |n¿ 50 2 EÀSÎìFiY¡(e
641 c^1.r Btt2 50 2 EÀSÎìFìYIIS
644 CÀT¡ IIIì2 

'O 
? EÀSTìF.DY'(E

645 c^rl r¡n2 50 2 EÀsTìFiy¡(Ê
646 CATI l¡n2 50 2 DÀST OF Dyt(E

502
502
542
502
502
502
502
s02
s02

- . ll:! -,-__l!!1"
502
502
502
502
ao2
402
502
502
502
502
502

- _l:: -,, !::t:
502
542
502
50.2
502
502
502
502
502
502
50?

-,- Yl:: ____,:!:l!
502
t02
502
502
502
502
502
ao2
502
502
507

V IFS DELIC

50)
502
502
502
502
502
502
502
502
502
50)

f42 CÀ1 r Hn2
541 C^',rr lrn2
544 C^Tr ln2
545 C^rr llrì2
!46 C^ rl irn2
5,17 C^1r jtn?
54Û C^Tl tìnz
5rt c^Tr rn2
550 C^'tr tin2

rDl

55 r C^rl lln2
55? C^lt ltn2
551 C^11 Hn2
554 C^Tl r¡n2
5¡5 C^',rr n2
556 C,\Tr In?
557 CÀì r In2
158 C^ rr ìrn2
559 CÀ rl IR2
560 C^fr fln2
561 CÀrr n2

,.,.-il!!! t!:it-,_ 1:1
562 C^1.t trR2
561 cÀ1 r IR2
564 CÀ] t lln2
56s C^1 r lrn2
5ú6 C^ rr 

'ln2567 C^T I n2
s6€ c^'rÌ fln2
569 C^1 1 lrn2
570 C^Ît rìnz
57ì CÀft |n2
572 CÀ tìn2

.,,_l!!!:13!1r __ l3l
571 C^TI ltn2
574 C^Tr ¡n2
s75 CÀ lln2
576 C^', nR2
577 CÀTI ltn2
57Û CÀ',r I flR2
57t C^T I ltn2
500 c^l r HR2
50r c^rl n2
582 C^T¡ tn2
581 C^r r In2

_ _::::: t?!ir___ ::l
534 C^Ît tin2
535 C^rr t¡¡ì2
5u6 cÀTI n2
537 CArr In2
508 CÀ rr |ln2
50t cÀ ltn2
5r0 c^ rr n2
5r r c^Ît fln2
592 CÀ tt ln2
5!l C^TI ln2
594 C^] 1 n2



647 C^Î r tn2 50 2 D^Sr Or oY(E
c40 .^1 1 It-2 tn 2 E^S'rìF-UY|{Ê
641 .^11 Lr¡¿ 5^ ¿ E^Sr-Or_Lryrn

l¡oLc IDc^1 rDl vrFs Dnl,rc ¡^oDn

650 CAl l lrn2 5A 2 E^Sr OF Dyt{E
65r CÀrr irn2 50 2 E^sr 0F oyKe
¿<2 .À1 r Jrn2 50 ¿ nÀsT oF oYl{E
r5r .^r.r 50 2 Ê^s1,ìFlyKE
654 .^r! llR2 (O 2 E^SIìF-YXE
ir5\ cÀTr rRz 50 2 E^sriFlyhE
¿5ú .À1 r t¡n2 50 ¿ E^sT oF ¡)Yfie
rr5? cÀ] t ltnz 50 2 E^s,r oF DYI(E
uc8 cÀ'r¡ r¡n) 50 2 e¡srìs ¡vxe

Pt 5fr 2 e^Sî OF DYIC
lrn2 qO 2 E^STìrlYxe

IÛn¡,c loc^r rDr vrFs DtjLrc t^Don

66I CATI IIN2 50 2 EÀST OF DYXE
r,6) .^r¡ n2 ,p 2 E^sT oF DYxe
úúl (^rl fln2 s0 2 E^sT oF DYI{E
164 c^rr In? 50 2 trasrìF-by(¿
r 65 c^l1 rn2 5o 2 €^srìFiyxE
úúc rÄT' In2 sa 2 e^srìF-DyrE
ccl (^Tr fln2 so 2 EÀsrirìyrE
rr,g cÀTr |n2 50 2 EÂsr-oFly8e
Lr,î c^T¡ Inz so 2 E^s,rìF-Dyxe
r,/o I ^11 t¡r'2 qO 2 E^sl.iriyxElln2 50 z E^sr or:Dy'(e

rBfr¡,c ¡frcÀT vrFs DÊr,rG r^DDn

672 C^r t Hn2 50 2 e^Sl OF DYße
ú7 ì (Àr! IR2 c0 2 E^SrìFlyKEL/4.^r¡ rn2 50 2 cÀsÎ-oF-oY¡(er,75.^rr |n? so z e^srìFly'(E
b76 .^1 r |t'2 50 2 E^sriFlyfie
677 c^lr Irì2 50 ? E^srìFly¡(E
C/3 C^rl l¡nz \O 2 e¡Sr-O¡iyxc
c/q .^fr finz 50 z E^srìFìyl(e
63n caTr ¡r2 50 2 E^ST OF DYfie
Lur c^1r Inz 50 ? EÀsrìFiyxe
¿82 (^Tl lla2 \O ¿ EÀsrloFlDY{E

IITOLC IOCAT IOI VIFS DEL S IADDN

6tB CÀTr rn? 50
69t c^Tl R2 50
700 c^'t ¡ n2 50
70 | cÄT¡ Hn2 50
702 c^Tt rrR2 50
7ot c^îi n2 50
704 c^.r r Hn2 50

IOOLG ¡DCAÎ IDI VIFS

705 C^TI ¡rn2 50
706 C^TI lIì2 50
707 C^Tr ¡n2 50
708 C^Tr rin2 50
709 C^TI lr¡ì2 50
7r0 c^Tr rrn2 50
7 t I CÀÎt In2 50
712 cÀ'l l lrn2 50
713 C^TI n2 50
7r{ c^Tr Hn2 50
7t5 C^ît tìn2 50

,---_113!: l::il___ 1:l ______::::
716 C¡Tl ln2 50
717 CÀrl fln2 50
7t8 CÀÎt tln2 50
7t9 CÀÎt ltR2 50
720 C^Ît tn2 50
t2l cÀ rl rn2 50
122 C^'tl Hn2 50
721 C^T r fln2 50
724 CÀr I ¡rn2 50
725 CÀTl rn2 50
726 CÀrI rR2 50

IBDLG IDC¡Î ¡DI VI FS

121 C^It Hn2 50
728 CÀl r un2 50
129 C^11 IlR2 50
710 c^11 ¡rnz 50'lll cÀTt rn2 50
712 CÀ rr Hn2 50
?13 cÀTl rn2 50
714 C¡Î1 Hn2 50
735 CÀTr fin2 50
?16 cÀTI fln2 50
717 CÀTl rn2 50

II}DÍ,G IDCAT IÍJI V¡FS

718 C^rl rìn2 50
739 CÀTr rn2 50
740 CÀTt ltn2 50
74 | C¡'tl tln2 50
7¡t 2 cÀTI Hn2 50
741 CA',tl |n2 50
744 CÀTI In2 50
745 CITI Hn2 50
746 CÀTr Hn2 50
747 C^Ît Iln2 50
?40 cÀTl rn2 50

¡¡DLC IDCAT TDI VIFS

Gû, c^1r rn2 so 2 ;;;;-;;-;;;.-'
c34 CÀ1 r ||2 50 2 |Ì^ST_OÊ-DYXC
cB\ c^rr 

'tR2 
50 ? E^srìF-Dy[c

686 c^1 r rn2 50 ? E^sr-oF byx[
ú8/ cATr ln2 50 2 E^srìF-Dy¡E
13Û c^1 Jrn, 50 2 EAST Of DYj<C
6Bl C^1 r ln2 50 2 EASl_'Of.-Dyi(E
600 c^Tr Jrn? 50 2 ¿¡Sr'-Or'ovxe

rpr 50 ? e^srìF_DyrE
c4) (^1 r |1,2 50 2 E^ST Or DyXCr.r c^1 r ln2 so 2 EÀsllor:ÞYl(F:

I¡ìI]I,C IICAT IDI VI¡-S DELTG IADDN

6t4 cÀrl ln2 50 2 c^91 0F DY'(E
ùoc c^,rr ,rn2 so 2 EÀsrìF_DrxE
ùqC c^r'l R2 t¡ 2 EÀsT-oF-byxÊ
c l/ cÀrr rR? 5o 2 E^srìF-r,yRÊ

2 eÀsÎ 0F DY(E
2 o^srloF:or(e
2 e^sr-oF Dlr{e
2 E^Sr-OF,DYr\e
2 EAST OF DYI{E
2 eÄsT 0F DYSc
, EÀsr:oF_DY'{E

-:::l:1!!l----_
2 €,\ST OF DYßE
2 EÀsr:oF:Dyl(E
2 E^ST OF DYKE
2 TAST OF DYKE
2 EÀST-OF_DIXE
2 E^sr:oF:DY,rE
2 EASÎ OF DY¡(Ê
2 EÀsrìF-DyKE
2 E^srìF-DYr(E
2 E^s'r:oF:DyKe
2 E^Sî-OÊ_Dy K E

OEITG ¡ADDR

2 EÀST O¡ DYKE
2 EÀSr_OF_OY|(E
2 E^SÎ_O¡_ÞtfiÊ
2 EÀSÎ_OF,D!l(e
2 E^S1 0F OYSC
2 ÊAST OF DYI{E
2 EÀsrìFiY(E
2 EÀST_OF_DY¡{E
2 E^sr:oFlDyxe
2 EASÎ Of.DYKE
2 e^sr_oF_DY¡{E

DELTG IADDN

2 EÀST-OF-DY[A
2 EÀSÎ_OF_DYI(e
2 EÀSî-OF.DYTA
2 eÀsî*oF_DYl{E
2 EÀST OF DYI{E
2 EÀsr:oFlDYÍE
2 eÀsT-oF-DY'rE
2 EÀSÎ_OF-DYI{E
2 e^s't_oF_DYt{¿
2 EÀST-OF-OYßE
2 eÀsÎ_oF_DY¡(Ê

DELTG IÀODN

2 ËÀSr OF DY|{E
2 EÀsrìF-DY¡{E
2 EÀST-OF-D!'(A
2 EÀSÎ_OF-DYI{E
2 EÄST OF DV(T
2 EÀsrìF-DvrÊ
2 Errsl-oF:DYrlS
2 ¿^S1 0F DYXA
2 EÀST_OF_DY¡(¿
2 EÀSÎ_Ot-DYr(e
2 EÀST-OF_DYKE

_--T:t: li99l_______



. 
, .,â¡ê¡êrÔ

¡Ô
rê orarêlêt 

'ororor"otol





ô,.<
aa<

¿
aaaa¿

 
õ, 

kk<
k

_, 
ooououÞ

eqþo 
_, 

ljL¡ùù

õ; 
r'È

raurru
; 

, !j !j Li ri ri ú @
 o üi ri o 

i 
.¡É

dûil¡oidd



UEST-OF-DYKE

l,rEsl 0a_0IKE

wEsr_oE_Dî(B

'IE 
ST-OF.DI I{ E

!¡EST-OF DYI{E
IIE ST.OF,DII{E
HEST.OF_DY¡(E
WEST_OF_DYfE
w€5T_OF_Dll{D

'JEST_OF-DY(E

I,IESl-OF_OYKE
l{EsT-oF_oYl( E
HESl_OF-OYr{E

2
2
2
2
2
2
2
2
2
2
2

____-!:!T
2
2
2
2
2
2
2
2
2
2
2

,____:::t:
2
2
2
2
2
2
2
2
2
2
2

OEI,TG

l00l C^li rrn2 5ô 2 E^SÎ OF DyßE I t2 C^Tl ln2 50ì{)62 C^1r In2 50 2 E^ST OT DyRE t¡13 cAlt ¡tn2 50roljr clrl Ìrn2 .0 2 a^srìr DYKE I I t4 cÀ1,2 n2 50r06,t c^rr 
'tft2 

\o t e^s1.loF:DrhE I I ts cÀT2 l|nz so1065 c^rr rìn2 50 ? E,\ST-OF_[JyKE I I t6 CÀT2 I|n2 50(¡ 2 r,rsr-or orxr I 7 c¡T2 Ûn2 50rotT cÀrr rrn2 s0 2 n,rsrlor-ovre r rìu c^T2 rn2 50

. lflt:: u!1t tlt -.----1i: __.-,DEf.rc '^DDR iiiiiiTi lllt ;3
ì0rû c^.,, Ì,n2 uo --¿ ;;;;; ;;;---' il1lli!,i llfi: :3ro6i ear, In,¡ \o 2 c^sl-F oyi(E
1070 c,\,rr nn2 50 2 eÀsl:oF:Dy¡{e ¡uuLc rocÀT rot v¡nsr{rrr .^1r 51 2 E^SI-OC DYqE
I0r2 c^rr un2 50 2 e^s.f or.'Dyr(e I r2t cÀT2 lrnz 50r0rl cÀ,r, Iri2 s0 2 E^sÎ:oF:Dyfie tr24 c^1.2 ltn2 s01074 cÀ1 r n2 50 2 E^ST OF-DyRe | 125 cÀT2 Hn2 501075 c^11 fin2 4n 2 E^Sr_Of ¡'yt{D 1126 cÀ'I2 In2 50t076 c^rr ltn¡ 50 2 E^ST-OF oyt{E ¡ t27 C^1'2 ¡tR2 50r(r77 c^Tr Hn2 s0 2 EAsl_oF:oyKE I t2û cÀ,r2 rn2 ior0/û c^rr ¡ì2 50 2 E^sT:oF:DyKs tt29 c^r2 fln2 50

rûulc rDc,\.f rD, vr.s D'r,.rc rÀDDn ll]î ¡îi3 l]H :3
1132 CÀT2 n2 50r07, c^tr In2 50 2 o^5T Or Dyr{D l t33 cÀ.l.2 ltn2 50ruoo cÀ'rr flrì2 5u ¿ E^srìF_oyKE

r0ûr cÀ1r 1|n2 50 2 E^s1.]oF_oyKE tDt vrcsroûr c^lr rn) 50 ) e¡srìr-ovrie
r03r c^1r nz s0 ) e,tsrlorlorxe r ¡14 cÀT2 t¡R2 so1004 cÀl r H¡r2 50 2 E^ST:oF-Dyße r ¡lS c^T2 ¡2 s01005 c^l r t{n? 50 2 e^sr oF:DyKE 1tl6 cÀT2 ltn2 501086 c^rr r¡¡ì2 50 2 e^Sr oF DYKE Ú17 cÀT2 n2 50l08r c^rl l¡n2 50 2 EÀsT:oFlDyñE tg cÀT2 I|n2 s0ro00 cr\'fr l|tì2 50 2 E^ST OFIDY¡{E Í39 cÀ1,2 I|n2 5010û, c^rr u¡r2 50 2 E^sr,or:DyÍr.i lt4o cÀ,r2 lrn2 so

r¡,)r,(; r'{^f rDr v'ns DELM^Don lllj :Ìi: lllj :3-, I t4l c^T2 Hn2 50ro10 c^11 Hnz 50 2 EÀS't OF Dyr{E I t4¡t c^T2 lln2 50ro4r (^Tr tin2 50 2 Er\srìF-DyKE
1092 c,\'rl un2 50 2 easr]orlorne ruDLG rDcÀT rr¡t vlFsrorl c^,rr n2 so 2 e¡srìrlrrel0t4 cÀ'rl ltn2 50 2 E^Sr O¡ oyKE tt45 c^,t2 nR2 501095 c^¡r nR2 50 2 E^sj_oF:oyKe |l{6 cÄT2 nR2 501016 cÀrr llR2 50 2 E^S1-OF:0yKE ,¡47 CAT2 IR2 50r0r7 cÀl-r fln2 50 2 easr]orlorxe r r40 cÀ,r2 HR2 90ì0tû cÀ1' In2 so 2 E^SÎ:OFIDYKE ¡¡49 CÀ'r2 fin2 50r09t c^r'r |n2 50 2 cÀsr-oFlD[kD ¡ r50 cÀr2 ¡rnz sor r00 c^l 1 8n2 50 2 eÀsr-oF oyfE I I5t CÀT2 lìn? 50

-,, :l!!! l!:il lll ---- -Il:: -----::.*'nooo ii¡1iîTÍ lliS :3
ror cÀ. rR2 so i ;;;;;;;;;;---" il:i:î;3 lili ;3I tn2 c^1.t , r2 50 2 E^S,r Of DYnErr0l cÀTr fiR2 50 ¿ E^ST-OF DyltE I¡DLG ¡DCÀÎ rot Vt[So4 cÀrì ¡t¡2 so 2 E^s.¡ìF-yKe
r r05 cÀTr ltn2 50 z E^sT-oF:oyKE r 156 c^T? Bn2 50I 106 c^lr ¡tn2 5o ¿ E^ST:or ¡ryt{E I r57 c^T2 Bn2 50rr07 c^rr nfi2 50 2 ûas1_oF:DyxE r tso c^Tz nR2 s0rì00 c^rt n2 E0 2 D^sT:oF:DyKE r r59 cÀT2 nn2 s0rrot c^rr irR2 50 ? E^sr oFloyÍE r 160 cÀT2 fln2 50llÌ0 c^Tl tlR2 50 2 E,\ST_OF-OÌXc I¡6t cÀ,r2 lnz 50
r r r r c^1.r fln2 50 2 E^SIIOF_DÍ(D I 162 C^T2 ¡tn2 50

---:il!: 1::it -- 1:t ------Y1:: I ¡65 CÀ12 ltR2 50

ÊEST_0F_Dy¡(0

ues r 0f.0YI{E

îesT_oF_DYt(E

'JEST_OF-DYKD

fiES,T'OF-DIKE

I{EST.OF_DII(E
HEST_OF-DYKE
I¡EST-OF-DYI( E
r¡EsÎ_oF_DrtE

2
2
2
2
2
2

____-9!!t:
2
2
2
2
2
2
2
2
2
2



1166 c^12 rn2 a0 2

r fil)r,(; rDc^1 t)l DEr,1c

|167 c^r2 1rn2 50 2
1168 c^r2 rn2 s0 2
llG9 c^r2 Inz sO 2
lr'to cÀ12 n2 50 2
r 17 | c^12 Int 80 2
r I72 C^Tz rìnr S0 2
rrTl c^r2 Dnr 80 2
I r74 CÀ12 00 2
r r'r5 c^r2 nt a0 2
¡ 176 C^r2 Inr 00 2
t 1't7 cÀr2 lìnr 80 2

r¡nr,c rDc^Î ff)r nDr,-rc

rr78 cÀr? B0 2
t t79 c^12 30 2llto c^r2 nnr 80 2ll3r CÀ12 Int 00 2
r r82 c^1? 80 2rrlll c^r2 rnr 80 2
ll84 C^r2 Inr 80 2
|85 c^r2 Inr 80 2
r 186 c¡r2 00 2
l l07 c^rz rìnr øt) 2
ll33 CÀ12 Hlìt B0 2

I¡DÍ,G IDCÀ'T IOI VIFS DEL'IG

rn9 c^r2 'Irr 80 2
rr90 cÀT2 nr 80 2
r 19 r c^r2 Hnr a0 2
r r92 cÀr? rìRr B0 2
r r9l c^r2 a0 2
rrt4 c^r2 B0 2
lrtS cJ\'r2 rìnl 30 2
Jr96 CÀ12 lrRt 80 2
r r9r c^r2 ao 2
|98 C^12 ltRI 80 2
r i!9 c^r2 tnt 80 2

lii::-, _,- __,

{EST_OF-DYKE

li9:r____-_-,_.

WEST OE DYXE

rÐDr,c rDc^r ¡Dr vlFs DtLlG

1200 c^r2 tlnl a0 2
r20r cIT2 ftt 00 2
ì202 cÀT2 Hnt A0 2
t20t c^12 tlnt û0 2
1204 c^1.2 nr 00 2
1205 cÀ12 AO 2
1206 c^t2 HRI 80 2
1207 c^r2 80 2
r¡08 c^r2 nnr 80 2
1209 c^r? 80 2
12 r0 c^12 80 2

-13?:::::ir l9t ______:t::_____9::::
r2ll C^T2 fiRr 80 2
l2t2 c^1.2 lnt 80 2
r2rl c^12 lnt 80 2

l2ll roej scl cc r.d.

rl0sT-o[_DyKE

UESl_OF_DYKE
l,rEs't-oF-0Yt{E

ues't_oF-Dyt{0

!ssr:orlDY(E
!¡es'l_oF_DÌxE

HEST_OF_DIRD

:l!!1--_-- ___

'E5T-OF_DYXEI{EST_OF-DYKE


