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WAUKESHA, WISCONSIN 53186

SOUTHEASTERN
916 NO. EAST AVENUE

WISCONSIN
•

REGIONAL PLANNIN
•

December 7, 1967

STATEMENT OF THE EXECUTIVE DIRECTOR

On October 28, 1966 the U. S. Department of Housing and Urban Development awarded to the Southeastern
Wisconsin Regional Planning Commission a federally funded contract for the development of a land use
plan design model. The objective of the program was to produce a mathematical model which could be
used in the synthesis of land use plans; that is, given certain land use requirements and land develop
ment costs, the purpose of a land use design model would be to produce a land use plan which would meet
stated development objectives and standards at a minimum cost. This emphasis on design is unusual since
mathematical model development efforts to date in the area of land use planning have been directed pri
marily at producing forecasts of future land use patterns rather than at producing optimal designs for such
patterns.

Complete development of the land use plan design model is to be accomplished in three phases. The first
phase was directed at a review of the literature on land use models, the development of concepts previ
ously advanced into a computer program for the execution of the design model itself, the identification of
model input data requirements and means for satisfying these requirements, and the application of the
model to a local area as a pilot test. The first phase of the model development program has been com
pleted and this report describes the results'which have been most encouraging. The model, as developed
to date, provides plausible and logical outputs in response to input data, input data requirements are not
excessive, and data reduction and model computer programs are operational.

In subsequent phases of the model development program, the land use plan design model will be applied
to develop a land use plan for an actual urban region; data collection and reduction programs, as well as
programs for the execution of the model itself, will be subjected to more rigorous tests; and comparisons
will be made between land use plans developed by conventional techniques and those developed by applica
tion of the model. If the results of the subsequent phases of the model development are as favorable as
the results of the first phase, a new and powerful tool will be made available for urban land use planning.

Respectfully submitted,

Executive Director
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Chapter I
INTRODUCTION

PROGRAM DEFINITION AND STATUS
During the course of the regional land use-transportation study conducted by the Southeastern Wisconsin
Regional Planning Commission, the need for a mathematical model that could be used as an aid in the
design of a land use plan became very apparent. The need for such a "design model" was not being
satisfied by the extensive efforts in land use forecasting and simulation model development underway at
SEWRPC and other agencies. What was needed was not a forecast of what future land development might
be but a design for what future land development should be.

Some· preliminary investigations of a land use plan des\gn model were, therefore, conducted during the
land use-transportation study; but no sustained research program was possible because this work area
Was not included as part of the original study. To initiate a full-scale research program to develop a land
use plan design model, application was made by SEWRPC to the U. S. Department of Housing and Urban
Development in January of 1966. The project was approved in June of 1966 as Urban Planning Research
and Demonstration Project No. Wis. PD-1.

Actual work on the Land Use Plan Design Model was initiated in July of 1966 with the general objective of
developing a model that could be used to synthesize (design) land use plans that would satisfy predeter
mined design criteria and minimize the use of financial resources (costs). The project is being per
formed in three phases.

During Phase I of the three-phaseprogram, the following activities were scheduled for completion:

1. Preparation of a report on the state of the art of mathematical land use models (termed "land use
design models") which can be used to determine land use patterns that satisfy market demands,
comply with community development objectives, and minimize public and private development
costs.

2. Preparation of hypothetical sets of community development objectives and design standards in a
form ready for application in a"land use design model," and report the results of such preparation.

3. Preparation of typical community development cost functions for use in a "land use design model"
using data from the area within the jurisdiction of the Southeastern Wisconsin Regional Planning
Commission, and report the results of the study.

4. Refinement of computer programs needed to operate a "land use design model."

5. Preparation of a work program for a pilot test of a "land use design model" and preparation of a
work program for a full-scale application of the "land use design model" to a variety of metro
politan areas.

The first of the above tasks, which includes the preparation and publication of a state-of-the-art report,
has been completed and is the subject of the third chapter of this document. Since the use of design models
in urban planning is a fairly recent concept, a very extensive literature on the subject does not exist. For
this reason, the state-of-the-art rep'ort has been expanded to include the state of the art in supporting acti
vities, such as design standards and cost functions, in order to present a comprehensive picture of the
overall state of the art prior to the initiation of this design model research program.

The second, third, and fourth of the above tasks involved the preparation of input data and computer pro
grams for the demonstration of the design model. A preliminary set of data and programs have been used



for a local pilot test demonstration of the model at the community level. An additional task involving a
pilot test of the model in a developing community in southeastern Wisconsin, not included in the original
work program, has been added to the program. This task has served to tie together all of the work ele
ments into a total design model system package in anticipation of the larger scale regional tests to be con
ducted and reported on in Phase II.

The fifth of the above tasks, the preparation of a work program for a pilot test of a "land use design
model," is discussed in the next section of this chapter. The second part of the fifth task, involving the
preparation of a full-scale application of models to a variety of metropolitan areas, will be the primary
task of Phase ill, which will include the preparation of training manuals and courses so that the program
may be implemented in other metropolitan areas. The Phase ill Work Program is detailed in Appendix
III of this report.

PHASE II WORK PROGRAM
In essence, the Phase II program for the Land Use Plan Design Model relates to the preparation of a
regional land use plan in southeastern Wisconsin using the Land Use Plan Design Model developed in
Phase I. Since a regional land use plan has just been prepared in southeastern Wisconsin utilizing con
ventional techniques without the benefits of a design model, the Phase II program will provide for a direct
comparison between application of the design model and of conventional land use planning techniques. It
will also serve to expose the many practical problems involved in the implementation of a model approach
to regional planning. The following work activities will be requisite to evaluating the utility of the design
model as a regional planning tool:

1. The measuring and coding of soil characteristics by quarter section and watershed boundaries for
the seven-county Region to provide the basis for determining the cost input parameters to the
model.

2. The preparation of auxiliary computer programs to convert forecast variables, such as population
and employment, directly into module inputs for the model. This would allow a "package" use of
the model by planners who are satisfied with the typical module definitions and design standards
formulated in the project.

3. The execution and evaluation of a "full-scale" application of the model to the seven-county South
eastern Wisconsin Region. This would include the evaluation of the limitations inherent in using
the model to determine an optimal solution.

4. The test and evaluation of the results using the model for a "target date" optimal solution versus a
recursive optimal solution in time increments consistent with traditional capital improvement
budgeting. Staged testing of the model is needed since the optimal solution for land allocation for
the target date, say the year 1990, will not result in the same land use configuration if the optimal
solution is phased in five-year increments.

5. The test and evaluation of the sensitivity of the model to imputed objectives, design standards, and
estimated cost functions. Such sensitivity analysis will allow for the determination of the data
required (and its accuracy) for application of the design model to a community or region.

6. The implementation of the design model as a complete urban design system for application on a
small computer for use in smaller regions or in community planning programs. Such implemen
tation would supplement the application on a larger computer for larger scale planning programs
and allow for the widespread use of the design model in urban and regional planning.

7. An investigation of data acquisition and information retrieval requirements for operational use of
the urban design system in urban planning applications.

The remaining chapters of this volume are devoted to reporting the results of the Phase I program. In
Chapter II the urban design problem is defined, and the basic approach to its solution using a land use

2



plan design model with supporting input data and computer programs is generally described. Succeeding
chapters discuss the state of the art of design models (Chapter III) and present the design system in more
detail beginning with the definition of design modules in Chapter IV and continuing in Chapter V and VI
with objectives, design standards, and development cost functions. Chapter VII follows on the detailed
theory and operation of the model and Chapter VIII concludes on model operation as exemplified in a pilot
test in a small Wisconsin community.

3
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Chapter II
THE URBAN DESIGN PROBLEM

BASIC CONCEPTS AND DEFINITIONS
Succinctly stated, the urban design problem involves the optimal use of land space. More specifically, it
involves the placement of discrete land use activities or elements, such as schools, hospitals, neighbor
hoods, and parks, in topographic space. In placing these elements, the designer must consider:

1. The nature of the elements.

2. The nature of the space in which the elements may be located.

3. The design standards or criteria as reflected in constraints to the placement process.

4. The costs (site and linkage) associated with placement of elements in a spatial configuration.

After placing these elements in land space, the designer must then determine the routes of the linkages,
such as streets and water lines, that are necessary to connect these elements. This placement and routing
process is illustrated in the diagram in Figure 1. The solution of the above design problem is the objec
tive of the urban design model. 1

An urban design model may be defined as a mathematical model which is used to aid the planner in the
synthesis or design of a land use plan. The land use plan defines a desired spatial distribution of land use
activities in a given land area. The model provides for a design solution that will satisfy market demands
and also will comply with community development objectives while minimizing public and private develop
ment costs (or maximizing return on public and private investment).

The model furnishes a convenient tool for the generation and evaluation of alternate spatial arrangements
of land uses. In the process of generating and evaluating a large number of spatial land use patterns, the
model also searches for the optimal design; that is, the design that satisfies stated development objec
tives while minimizing development costs.

Because the placement of land use activities interacts very strongly with the spatial location and capacities
of streets, sewers, water mains, and other facilities needed to support the land uses, the model is really
a comprehensive planning model or, broadly speaking, an urban plan design model. It is a comprehensive
urban plan design model in the sense that it considers the construction, operation, and maintenance costs
of the public works facilities which serve and support the land use pattern, as well as the construction,
operation, and maintenance costs of the land use pattern itself. Thus, although the final output of the
model is a land use plan, in the design of the plan the cost of the supporting facilities necessary to support
the proposed land use pattern has been considered.

Most model-building efforts in urban planning have not been concerned with the problems of design. They
have been concerned rather with other planning functions, such as economic forecasting, land use fore
casting, and traffic assignment. Most existing models, therefore, differ not only in their end objective
but also in their basic nature from the type of model required to solve the urban design problem. The
most significant structural difference relates to the aggregative characteristics of most models. These
models manipulate aggregate variables, such as the quantity of land, rather than the discrete elements
alluded to above. Institutional land rather than a discrete hospital is the type of variable that is manipulated.

1 The term "urban design model" will be used in terchangeably wi th the term "land use pI an design model" through
out this report. Strictly speaking the term "urban design model" is more correct since the model provides more
output information on supporting facili ty design than is normally provided by a land use plan per se.
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Figure I

PLACEMENT AND ROUTING PROCESS

PLACEMENT

ROUTING

Most of the mathematical techniques used in other planning models also do not directly relate to the urban
design problem. The primary feature of the urban design problem is one of connectivity. Since connec
tivity is a topological concept, and s~nce most models do not embrace topological techniques, they are not
able to deal directly with connectivity. Even optimization techniques, such as linear programming, are
poorly adapted to the urban design problem because they do not deal with discrete variables. Exceptions
to the general rule are linear graph theory and certain discrete forms of dynamic programming. These
techniques are capable of dealing with connectivity and are extremely valuable in urban design models.
These two techniques have not been extensively utilized in planning models up to this time.
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The preceding theoretical discussion is best understood in the light of an example. The original structure
of the Land Use Plan Design Model was described in the May 1965 issue of the Journal of the American
Institute of Planners and was further developed using Waukesha, Wisconsin, as a pilot example in SEWRPC
Technical Report No.3, A Mathematical Approach to Urban Design. This model, as originally structured,
provided for the optimal allocation of land based on site development costs considering the need to meet
total land demand within land capacity constraints. The pilot project used only residential cost data, but
the model was capable of accepting cost (and constraint) data on other land uses as it was developed. This
model used a linear programming algorithm to calculate the optimal solution.

Although the original model provided the basis for a feasible and potentially useful land use plan design
model and a framework for all initial thinking, it suffered from two serious shortcomings requiring cor
rection in order to allow further progress:

1. The model did not deal directly with the problem of locating land use activity units, such as neigh
borhood units, secondary schools, and hospitals, at various geographic site locations but dealt
instead with the apportionment of land as a commodity to various land uses. The difference is
subtle but important, with the latter approach being less flexible and more clumsy.

2. The model could not practically handle development costs dependent on interrelationships with
other land uses as reflected in linkages, such as roads and utility lines. Only site-dependent costs
were practical in the original model.

Both of the above limitations are the direct result of the use of linear programming as the framework for
the model. The first reflects the inability of linear programming to deal with discrete as opposed to con
tinuous variables, and the second limitation has the same origins. Both could theoretically be corrected
through the use of integer programming, but integer programming is not computationally feasible for
large-scale problems.

The proposed revised approach uses set decomposition techniques to accomplish the mathematical task of
the Land Use Plan Design Model, which is to provide a land use plan design that minimizes the combination
of site (intra-site) and linkage (inter-site) costs while complying with given design criteria (standards)
derived from stated development objectives.

AN URBAN DESIGN MODEL

Basic Structure and Operation
The structure of the model is made up of the following elements:

1. Modules-land use activity units, such as shopping centers, hospitals, or residential neighbor
hood elements.

2. Cells As Subareas-land units representing geographic subareas of a planning area in which
modules are "located" in the operation of the model.

3. Linkages-interconnecting elements between two or more modules necessary in the operation of
the module; for example, a road, a sewer line, or a water main.

The operation of the model was originally subdivided into four phases:

1. CLUSTERCOMP

2. PLACECOMP

3. ROUTCOMP

4. MAPCOMP

7



The first phase, CLUSTERCOMP, was later merged with the second, PLACECOMP, for more effective
operation of the model. In its first phase of operation, CLUSTERCOMP, the modules are grouped into
clusters so as to minimize the interconnection linkages with other modules in the system. A set decom
position technique is used to form these clusters or "super-modules" in order to simplify the task of the
second phase, PLACECOMP. The input to CLUSTERCOMP is a module matrix designating the required
interconnections (linkages) between modules. The output of CLUSTERCOMP is a set of module clusters.

In the second phase, PLACECOMP, the module clusters synthesized in CLUSTERCOMP are located in the
cells of regional space so as to comply with design standards and minimize combined site and linkage
costs. A dynamic programming algorithm was originally used to determine the optimal solution. The
inputs to PLACECOMP are the set of module clusters with their associated cost, space, and linkage
requirements, together with data describing regional space. The output is a land use pattern.

Later experience with the CLUSTERCOMP and PLACECOMP computer programs indicated that these two
programs could be combined into one PLACECOMP II program in which the modules are "clustered" and
"placed" in the same program. This merger of the two programs was not only desirable from a theo
retical viewpoint to avoid the suboptimization inherent in considering linkage costs and site costs sequen
tially rather than simultaneously, but it also has proven to be more computationally efficient. A set decom
position algorithm is used to provide "clustering" and "placing" in PLACECOMP II.

ROUTCOMP provides path locations for the linkages that will minimize total weighted linkage length in the
system. Input consists of a set of linkage requirements expressed in matrix form. ROUTCOMP output
defines the cell-to-cell routes of all of the linkages. The computational algorithm used for ROUTCOMP is
similar to the Moore Algorithm used to determine minimal time paths in transportation networks.

MAPCOMP provides a display in map form of the land use plan design determined in PLACECOMP II and
ROUTCOMP.

Objective: An Urban Design System
It is quite important to understand that an urban design model by itself is not a comprehensive design
system. Without supporting input data and computer programs (software) capable of efficient operation on
computer hardware, it is unlikely that the model will ever be used extensively in urban design. Present
traditional intuitive urban design procedures are complete design systems in the sense that a whole set of
procedures has been developed to facilitate their application. Any system, however automatic or optimal,
developed to supplement or even replace existing traditional methods must at a minimum provide for all
the elements of a workable design system.

Many urban planning models and models in other areas of application have floundered and have been rele
gated to the academic curiosity category because their development was not accompanied by the supporting
peripheral procedures to make their application practical. Indeed, a real urban design system must con
sider more than input data, computer programs, and computer equipment. It must consider the urban
design process itself and its relation to an interface between the designer and the urban design system.
A proper man-machine interface will do much to increase the effectivity of the partnership between the
designer and hiS tool: the system. In this part of the report, some of the basic questions involved in the
synthesis of an urban design system will be considered. More detailed consideration will be given in
a later chapter, but final anSwers to many practical aspects of the system will not become apparent until
Phase III when training manuals and orientation courses are developed.

The first, and in some ways the most difficult, problem to be considered is that of input data.

Input Data
Operation of the model requires the folloWing general classes of data as input to operate in conjunction in
the model computer programs: forecasts, objectives and design standards, module elements, linkage ele
ments, and development costs.

8



After processing through a series of data analysis programs, this data input to the model takes the follow
ing final form:

1. Soil Inventory Data

For each of the areal cells used in the planning area being modeled, the land area represented by
each of the soil types used in the cost functions must be measured.

2. Site Development Cost Data

For each module-soil category combination, the site development costs associated with locating
the module on that kind of soil must be estimated.

3. Areal Requirements and Connectivity Data

For each module the land area required and the connectivity costs for linking that module with each
of the other types of modules must be developed.

4. Partitioning Sequence

Placement of each module in a cell occurs in a sequence of partitions in which the design area is
successively divided in half and module elements are located in one of the two halves of the parti
tion. For areas of uniform topography, this sequence may be fixed for any area of a given size;
but areas of non-uniform topography and major facility links, such as freeways, benefit from
a partition sequence which considers these natural (or man-made) boundaries in the partition
sequence. In such cases, the planner has the option of selecting his own partition sequence. Each
cel~ must be designated in a "half-area" for each of the successive partitions.

5. Partition Center-to-Center Distances

The center-to-center distances between the half-areas of each partition must be entered to permit
the calculation of connectivity costs.

These are the data requirements, but what are the implications for an urban design system? Is the
data easily obtainable at both the community and the regional level? How costly is data collection and
processing? Can it be obtained from other public or private agencies? Does it vary signif~cantly in
different regions of the county? These questions must be answered in the development of an urban design
system. The problems of implementation, however, are better understood after a brief description of
model operation.

Model Operation
Given the input information described above, the model operation is initiated with a random initial place
ment of modules in the two halves of the first partition. From this starting point, model operation attempts
to improve the initial partition by transferring modules to the other half of the partition so as to minimize
the combination of site costs and connectivity (linkage) costs in the selected partition. A hill-climb proce
dure is used in the model algorithm, but only adjacent partitions are examined. An adjacent partition is
one that can be formed by moving only one element from one-half of the partition to the other half. The
hill-climb process continues until no improved partition can be found by moving a single element from one
half of the partition to the other half.

In the next phase of model operation, a second set of partitions is synthesized from the halves of the first
partition. Each element is then assigned to one of the halves of the second -set of partitions. No module
once assigned to a half of a partition can ever be reassigned back to the other half in a later partition. In
other words, the assignment of modules to areal cells occurs as a series of binary decisions in which the
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modules are sequentially divided in half and then divided in half again and again until all are assigned to
cells in the last partition. The final result is a placement of modules in areal cells that will minimize site
development and connectivity costs within the restrictions imposed by design constraints. Such constraints
are imposed through the use of "real" or "dummy" costs which are either very high or very low (even
negative) so as to insure or prevent the adjacent location of particular sets of modules.

The output is now presented in tabular form with the location of each module being specified in a list of
cells designating the modules located in each cell. A map-type presentation of the plan design is under
development and will represent only a slight modification of an existing mapping program at the South
eastern Wisconsin Regional Planning Commission.

Second only to the problems of input data preparation are the procedures used in the actual operation of the
model program in a well-conceived urban design system. The strong recent trend toward larger digital
computers with giant-size memories and incredible speeds has tended to isolate the user from computer
operation to such an extent that he has lost touch somewhat with the problem of model operations and has
lost his "feel" for the problem solution. The typical computer operator of such a larger computer has
little background and sometimes less interest in the operation of the model other than that it "runs" in
a technical sense, so that the computing time will be reimbursable.

Although large "closed shop" type computer operations may be quite suitable and perhaps most efficient
for some forms of business data processing or repetitive technical calculations, the operation of an urban
design model seems to have more in common with the recent on-line use of computers in laboratory
experimentation and man-machine graphic design than it does with the more conventional forms of data
processing. For this reason, the urban design system should provide for the active participation of the
planner or engineer in the operation of the model. Such a participation would seem to call for the use of
a smaller special-purpose computer with visual display to allow the planner to follow the module assign
ment process and allow him to mediate or influence this process in a real-time sense. Experience with
simulation models in land use-transportation planning, which do not require such active participation from
the planner as a design model, gives support to the contention that much of the wasted effort and time in the
application of a model results from the inability of the planner to monitor actual model operations and thus
prevent the errors and resulting re-runs that might have been avoided had the planner been able to monitor
model operation. How much more so then is such monitoring a necessity in a design model with its more
qualitative design criteria.

The problems of implementing a practical and useful urban design system in the form of both input data
preparation and computer operation will be discussed more fully in Chapter VIII of this report.

The Land Use Planning Process
Plan design is only one of. the functions that comprise the total sequence of developing and implementing
a regional or community plan. 2 Other major functions in the planning process include:

1. Inventory, in which the present status of a planning area is determined through the collection, proc
essing, and analysis of data on soil and water resources, land use activities, and existing facilities.

2. Forecast, in which elements exogenous to the system being planned are forecast. These include
future levels of population and economic activity and related demand for land and resources within
the planning area.

3. Formulation of development objectives and supporting plan design standards.

4. Testing of the plans for feasibility of implementation.

5. Actual implementation of the plan.
---

2 See SEWRPC Technical Report No.3. A Mathematical Approach to Urban Design. January 1966. pp. 2-4.
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The sequence of these planning functions is shown in Figure 2. Land use plan design, it can be seen,
occurs after the formulation of plan objectives and design criteria and before the testing of the plan.

Plan design is, however, a crucial function in that it interacts strongly with the other functions of the plan
ning process. It establishes the classification and accuracy requirements for the forecasting function.
It determines the mode of expression of design standards. It develops the plans for feasibility testing.
Finally, it determines the rationale for plan implementation.

Non-Design Models
Mathematical models are today used extensively in most of the non-design functions of the planning
sequence.3 In all of the non-design functions, the model problem differs fundamentally from the design
model problem. The non-design model problem is one of explaining or describing rather than prescrib
ing as in the design model. The emphasis is on the explanation of how events are happening rather than
how they should be happening. 4 Technically speaking, the non-design models are positivistic 5 rather
than normative.6

The problem of a positivistic model, such as a forecasting model, may be stated as follows:

1. Determine a set of mathematical relationships that replicate real life phenomena.

2. Estimate the parameters that support these relationships.

3. Define and estimate exogenous variables affecting model operation.

4. Exercise the model in order to determine a range of possible outcomes for different values of the
exogenous variables.

The normative model problem is distinctly different and may be stated as follows: 7

1. Determine an objective function which represents the goals of the design.

2. Determine technical and other design constraints.

3. Provide an efficient search procedure for determining an optimal solution; that is, a solution which
maximizes the objective function while abiding by the constraints.

Examples of positivistic models would include:

1. An economic forecasting model.

2. A trip generation model.

3. A trip distribution model.

4. A traffic assignment model.

All of the above models attempt to replicate or simulate a real life situation. An example of a design model
is, of course, the Land Use Plan Design Model (or urban design model) that is the subject of this report.

3See Bibliography reference No. 47.

4See Bibliography reference No. 41.

5See Bibliography reference No. 16.

6 See Bibliography reference No. 26.

7See SEWRPC Technical Report No.3, A Mathematical Approach to Urban Design, January 1966, pp. 9-22.
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Chapter III
STATE OF THE ART IN URBAN PLAN DESIGN

DESIGN MODELS IN URBAN PLANNING AND DEVELOPMENT
Two major design model development efforts have preceded this project. One such effort was concerned
with application to the urban design problem. The other was concerned with application to design problems
in other fields. The latter effort has produced a more extensive set of design models that actually provide
more theoretical support for the current land use plan design model development than has the effort to
date actually concerned with urban design application.

Models that serve to generate and assist in the evaluation of alternative spatial patterns of land use are
almost nonexistent in current land use planning programs. The closest parallel to such a model is found
in less comprehensive models that attempt to optimize the location of facility modules, such as shopping
centers, industrial plants, hospitals, or schools. There is evidence of the existence of a large number of
such models, many of which have not been adequately documented in published literature.! Because of
their less comprehensive and specialized nature, these models do not provide direct support for the design
model of this project.

There is a class of urban design models of a different type, however, that has received wide attention in
recent years. These urban design models, originally conceived and developed by Christopher Alexander,
deal with the analysis of design criteria rather than with the generation and evaluation of alternative spatial
patterns. 2 These models, which have been classified under the general category of set decomposition
models, provide for the decomposition of design criteria into subsets. Such a subset classification is
intended to aid the designer through the sequential design of a series of simpler plan layouts, which may
be then superimposed for an ultimate design solution.

Although this set decomposition approach, as it relates to design criteria, was not directly applicable to
this project, the work of Alexander and his associates is important for the following reasons:

1. Alexander has provided a clear definition of the design problem.

2. Some of the set decomposition mathematical techniques used by Alexander and Manheim in their
"HIDECS" programs were found to be useful in the design model development for this project.

Alexander defines the design problem as one of providing a "fit" between the context of the problem and
the form of its solution. In essence, the context is the definition of the problem; and the form is its solu
tion. In the conventional terminology of urban planning, the context would consist of the set of design
standards encompassing the requirements or criteria resulting from the development objectives to be
achieved by the plan. The Land Use Plan Design Model is a means for determining this form of the design
through a systematic search procedure that discovers a solution within the limits of the design standards
that is minimal with respect to development costs.

The set decomposition techniques of Alexander and Manheim 3 are discussed in greater detail in Chap
ter VII of this report.

DESIGN MODELS IN OTHER FIELDS
Extensive development of design models quite similar to those conceived in this project has been underway
for several years in the field of electronic design. These models relate to the problems associated with

1 See Bibliography reference No. 27.

2 See Bibliography reference No.1.

3 See Bibliography reference No.2.
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electronic packaging. 4 Electronic packaging design is concerned with the placement and interconnection
of electronic equipment modules in equipment shelves, racks, or cabinets. It is also concerned with the
routing of the interconnecting wires between these modules. 5 The analogy between the problem of elec
tronic packaging and urban land use design is quite apparent. Land use plan design is concerned with the
placement of land use activities and the routing of interconnecting facilities, such as streets and utility
lines. This placement and routing process, which is illustrated in Figure 1, is identical whether the prob
lem is one of electronic packaging or one of land use plan design.

The conceptual background and experience gained in placement and routing modules in electronic packaging
design were invaluable aids in the model development under this project. Although the specific mathemati
cal techniques used in these electronic design models were not directly useful in the urban design model,
the background and conceptual framework were nonetheless of great importance.

With this brief description of historical background of design models, the details of the state of the art of
each of the other components of urban design systems will now be examined.

CURRENT STATUS OF THE SUPPORTING COMPONENTS OF A PLAN DESIGN SYSTEM
The state of the art of plan design systems cannot be understood without an examination of the status o,f
each of the supporting (non-model) components of such a system. Although the supporting components to
be discussed have rarely, if ever, been considered as supporting elements of a plan design model system,
it is necessary to investigate these components, as such, in order to determine their influence on the
effectiveness of the total design system. Inasmuch as these components are not usually combined into an
urban design system, it is not surprising that the development of these components is both uneven and
seemingly unrelated. The model input data component will be discussed first, followed by the computer
hardware and computer software components.

Model Input Data
Forecasts: There exist many qualitative and quantitative techniques for forecasting population and eco
nomic activity levels which, in turn, determine land use and facility requirements. The economic approach
to such forecasts is generally included under the subject designation of econometrics, and the population
approach to such forecasts is included under the designation of demography. A complete discussion of
either of these two vast fields is obviously beyond the scope of this report. The commentary will relate
only to the manner in which forecasts developed by these two classes of techniques relate to the input
requirements of the Land Use Plan Design Model.

A significant characteristic of both econometric and demographic forecasts is their high degree of aggre
gation. Econometric forecasts usually deal with variables, such as gross national product (or gross
regional product), industrial production, or employment. At a somewhat greater level of detail, these
forecasts may be made in terms of standard industries as defined by the Standard Industrial Code (S. I. C.)
of the U. S. Bureau of the Budget. Demographic forecasts are usually expressed in terms of age, sex, and
race of various population groups. It should be quite apparent that the outputs of such forecasts do not
necessarily meet the discrete forecast needs of modules used in a Land Use Plan Design Model. To be
useful, such forecasts must undergo a matrix transformation to convert their outputs into forecasts of
module type needs as classified under the Land Use Plan Design Model. Such transformations are, of
course, crucially dependent on the accuracy of the matrix coefficients. Special forecasts of needs for vari
ous types of facilities, such as schools, hospitals, and parks, may provide a second source of model input
information. In most cases, however, such special facility forecasts are also based on transformations
of population or economic activity furnished by econometric or demographic techniques.

It would seem, then, that the most practical approach to meeting the forecast needs in an urban design
system is to develop a transformation matrix that will be applicable to conventional econometric or demo
graphic forecasts. Such an approach is necessary if the design model project is to avoid becoming involved

4 See Bibliography reference No. 22.

5 See Bibliography reference No. 54.
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with the field of forecasting itself. Experimenting in such a large and complex field would obviously deplete
the resources of the research effort. Since most econometric and demographic forecasts tend to agree
within a certain level of tolerance, it would seem that the transformation matrix approach would be prac
tical in most instances. Such a transformation matrix would relate directly to the design standards devel
oped for each of the module types. Such design standards would specify the number of modules required
per unit of population or economic activity and are designated "allocation standards" in the land use plan
design model system. Some modules will be directly dependent on population or economic variables. Other
modules will be indirectly related through their numeric relationship with these primary modules.

Objectives and Design Standards: The terms "objective" and "design standard" have been subject to
a wide range of interpretation and application. For this reason, it is important to provide definitions to
orient future discussion to a common reference base. The following definitions will provide this common
frame of reference:

1. Objective: a goal or end toward the attainment of which plans are directed.

2. Standard: a criterion used as a basis of comparison to determine the adequacy of plan proposals
to attain objectives.

Based on the above definitions, it will become apparent that the design model is concerned directly only
with standards and not objectives. Objectives are used in the formulation of design standards as criteria
for the desirability of alternative plans, but the design model itself is confronted only with the design
standards as such, whatever their source or origin.

There is no lack of descriptive literature relating to planning objectives and design standards. The better
community and regional planning reports today make some statement regarding objectives and standards.
What is usually lacking is a comprehensive statement relating to a classification of objectives and design
standards. For the Land Use Plan Design Model, all objectives must be translated into design standards,
which must be expressed in terms of the module elements that they affect. This module-based organization
of design standards seems to be completely lacking in the literature.

There have been attempts to classify objectives and design standards in a systematic way. A good example
resulted from a study in northeastern Illinois 6 which defined basic goals of: economic health, education
and culture, physical and mental health and safety, aesthetics, transportation, choice of physical and social
environment, social position, participation in decisions, best land use, and leisure. Under these basic
goals, an aspatial goal was defined; and a series of spatial goals was elaborated. This classification was
more thorough than most, but it is still difficult to translate into useful design standards to constrain the
spatial placement of modules in the design model. For this reason, it is of indirect rather than direct
benefit to the project. Since no set of objectives and design standards was directly applicable to the
design model, it was decided that the SEWRPC objectives and design standards should be modified to
comply with design model iI\put requirements. These modified objectives and design standards were then
used as the pilot model application.

Module Definition: The module concept is not new to planning. This concept has been presented as an
alternative approach to the manipulation of spatial arrangements in site planning. 7 At a larger scale, the
neighborhood unit has served as a basic module in the formulation of many community plans. The module
manipulation process has remained intuitive, however; and there has been little detailed discussion of the
methodology involved. An exception is a discussion of a sequential heuristic module manipulation planning
application in the United Kingdom. 8

In the Katesgrove application, a series of residential, commercial, industrial, recreational, and educa
tional modules was located in a preselected area so as to satisfy certain design standards. The process

6 See Bibliography reference No. 36.

7 Kevin Lynch. Site Planning. (Cambridge. Massachusetts: The M.l.T. Press. 1962), p. 117.

,8 See Bibliography reference No. 11.
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was sequential and intuitive. Apparently, neither site nor linkage costs were directly considered, though
there may have been an indirect effect through the design standards constraints. In essence, this example
is a systematic explanation of the thought processes of intuitive land use planning.

The module approach has even been hailed as the key to understanding a wide range of physical and social
processes. 9 This discussion is at a general level that is difficult to apply to a plan design model, but does
serve to stimulate thought.

Linkage Definition: The concept of a linkage is complementary to that of a module in the land use plan
design model concept. In the sense of a linear graph,10 the modules represent the nodes of the graph and
the linkages represent the interconnecting links. 11 The concept of a linkage, although not generally defined
by that term, is more generally accepted in planning practice than that of a module. The idea of a linkage
is closely related to the more general concept of a network. Planners and engineers have visualized
electrical systems, highway systems, and sewer systems for many years in terms of a connected network.
The general acceptance of the network concept and" the straightforward analogy between a linkage and
a linear physical facility, such as a highway, make the problem of linkage definition almost trivial. It is
important in linkage definition, however, to consider the effects of such definition on the estimating of the
development costs of these linkages. If the linkages are not properly defined, it may be quite difficult to
obtain development cost data consistent with these definitions.

Cost Parameters: The collection of cost data and the subsequent estimation of cost parameters are per
haps the most formidable tasks of data collection and reduction in a plan design model system. Although
great quantities of cost data exist from many sources, these data are generally fragmentary, scattered,
and unrelated. It, therefore, has been necessary in the design model project to gather cost data from
a variety of sources for different land and facility development application. 12 The procedures used in the
estimation of development costs are described in Chapter VI of this report.

Computer Hardware
The third generation of computer hardware as exemplified by the IBM System 360 series, Burroughs
System 3500, and smaller systems, such as the Digital Equipment Corporation PDP-S, is fully capable
of the data handling and model computation tasks involved in the implementation of the Land Use Plan
Design Model. In fact, it is likely that second generation machines, such as the IBM 1620, were fully
capable of handling system implementation. The barriers to progress have not been primarily hardware
barriers but have been instead:

1. The lack of a model and its associated computer programs.

2. The lack of an efficient information file software system for handling the model input data.

Computer Software
Third generation computers have been accompanied by extensive developments of system software (pro
grams) to increase their operational efficiency. These programs consist of user language programs, such
as Fortran and Cobol, and operating systems to provide automatic management of computer operations.
The Fortran language has been extremely important for the design model since it has been the program
ming language for all programming to date. Operating systems are not of direct importance to the design
model, but they are of indirect importance in their effect on overall computer efficiency in conjunction
with other programs.

9 See Bibliography reference No. 24.

10 See Bibliography reference No.5.

11 See Bibliography reference No. 15.

12 See Bibliography reference Nos. 3,9,10,12-14,17,29,31-33,38,42,50-53, and 55.
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The primary software requirement that would materially assist the model system is a file information
system for the definition, organization, maintenance, and retrieval of model input data. Some significant
effort has been in evidence in this area in recent years, 13 and such generalized file information systems
are beginning to become practical. 14 In the near future, it should be possible to adopt existing file infor
mation systems to the needs of the plan design system. File information systems, as they relate to an
urban design system, are discussed in detail in Chapter vn of this report.

\3 See Bibliography reference No. 49.

14 See Bibliography reference Nos. 19-21 and 44-46.
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Chapter IV
MODULE DEFINITION

THE MODULE
The module is the basic element of the plan design model. It is the unit that is manipulated in the place
ment process in model operation. It is also the vehicle for the expression of design standards in the form
of constraints to this spatial manipulation. The module is both a physical entity in that it has a spatial
dimension and associated development costs and a functional entity in its aefined activity and its relation
ship with other modules. The modular nature of the model makes it necessary that the module be defined
as a discrete entity that has well-defined internal characteristics and distinct interchange relationships
with other modules. The definition of a set of modules must include the internal organization of each
module, as well as its external relations. Such a definition implies the detailing of characteristics, such
as physical size, functional and physical descriptions, and external linkage requirements.

A PHYSICAL ENTITY
The module as a physical entity must be described in terms of the areal requirements of each of the
physical units making up the module. The definition of these units and their dimensions illustrate the
basic internal organization and structure of the module.

A compromise is involved in the size definition of the module. The size selected for each module type
must be related to the functional and locational requirements of the land use activity involved. The module
logically consists of a primary land use activity area and all contiguous appurtenant areas requisite to its
support and proper functioning. For example, a medical center module may consist of a hospital building
site, off-street parking areas, heating plant and accessory buildings, internal vehicular circulation areas,
pedestrian circulation areas, open space and landscape areas, ingress-egress zones, and the module
share of the arterial street and collector street rights-of-way which serve the medical center and upon
which it may front. This approach insures that the facilities required to serve each activity or module,
and the costs of imposing desirable design constraints, are properly charged against that activity. In addi
tion, this approach facilitates the control of the gross acreage to be assigned to development. In the
definition of the modules, an attempt was made to minimize the size of the module within the limitation
that each module must represent a self-sufficient, viable unit.

A particular point of potential confUSion may concern the incorporation of street rights-of-way as part of
the module area and the contrasting role of rights-of-way as a linkage in the model organization. This
apparent contradiction is also apparent with other linkages in addition to rights-of-way; as, for example,
gas transmission lines, telephone cables, electric power transmission lines, sanitary sewer mains, and
public water supply mains. This disparity in usage may be rationalized as follows: the sanitary sewer
laterals and mains servicing the module are included as site development costs and are viewed as marginal
capital costs incurred to service the module. The sewage treatment plant, pumping stations, and trunk
sewers, however, are considered linkage costs of module interconnection. The same reasoning may be
applied to other site costs when they appear to infringe upon the identity of linkages.

A FUNCTIONAL ENTITY
Each module performs afunction or functions based on its land use activity. These functional characteris
tics become critical in the classification and definition of each module type inasmuch as locational require
ments depend upon function. Since location is discrete, function, too, must be discrete. In fact, the
function of the module generates the interchange between modules and conditions the need for accessibility
and compatibility to other modules.

Functional Requirements
The Accessibility Dimension: The function of each module determines the physical interchange require-
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ments between it and other module types. For each module type, an inter-module standard specifies the
desired distance or time limits between modules of different types. These limits represent the accessi
bility dimension of the module's function. For example, a specification that elementary schools be located
within one-half mile of each residential module would comprise such an inter-module standard. It ostensibly
reflects the need for proximity because of frequent physical and social interchange between residences and
elementary schools. As previously pointed out in Chapter II, accessibility requirements arj:l reflected in
the inter-module linkage cost segment of input data. High accessibility requirements between a given set
of modules are equivalent to high linkage costs between these same modules. Such linkage costs reflect
both the cost of providing facility links (such as highways) between the modules and the cost of operation.

Connectivity: The linkages between modules as specified in the intra-modular and inter-modular design
standards represent the connectivity requirements. These linkages and their associated costs will con
dition the spatial configuration developed by the model in the placement process since the model operates
so as to minimize the site and linkage development costs within the limits imposed by design standard
constraints.

The Compatibility Concept: The term compatibility, as used in design standards, is meant to define the
desirability or the undesirability of locating modules contiguously with one another. Although the concept
of compatibility is usually considered separate from the concept of accessibility, both concepts basically
represent the same type of requirement. Both convey the requirement for either time or distance spacing
between modules. As typically applied, they differ in that accessibility emphasizes physically unreason
able variables, such as time, distance, and cost, while compatibility stresses more qualitative variables,
such as aesthetic and environmental considerations.

Compatibility design standards, since they are very qualitative in nature, must be expressed as artificial
or "dummy" cost inputs to the model. In this sense they are unlike accessibility standards, which repre
sent real costs of facility construction or module-to-module communication. Since compatibility standards
will tend to override accessibility standards, the real cost of accessibility will provide a price which may
be used to evaluate the degree of desirability of any compatibility standard.

THE MODULE TYPE SET
Based on the above considerations of a module as a physical and a functional entity, a set of module types
was identified and defined using a standard format. Although the actual module types used in any applica
tion of the model in a region or community may vary from the list below, the present module type set is
considered typical.

The following modules have been selected, defined, and dimensioned for use as model inputs:

1. Residential (low-density), see Appendix 1.

2. Residential (medium-density), see Appendix 1.

3. Residential (high-density).

4. Neighborhood commercial center (low-density), see Appendix 1.

5. Neighborhood commercial center (medium-density).

6. Neighborhood commercial center (high-density).

7. Community commercial center, see Appendix 1.

8. Regional commercial center.

9. Highway commercial center (center auxiliary).
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10. Highway commercial center (arterial auxiliary).

11. Highway commercial center (freeway and expressway auxiliary).

12. Highway commercial center (recreational auxiliary).

13. Planned industrial district (light), see Appendix I.

14. Planned industrial district (heavy).

15. Junior high school (public).

16. Junior high school (private).

17. Senior high school (public), see Appendix I.

18. Senior high school (private).

19. Medical center (short term).

20. Medical center (long term).

21. Medical center (nursing and related).

22. Public college.

23. Private college.

24. Library (regional).

25. Library (community).

26. Library (branch).

27. Church.

28. Cemetery.

29. Police station.

30. Fire station.

31. Community recreational center.

32. Regional recreational center.

33. Community cultural center (intensive).

34. Regional cultural center (intensive).

35. Regional cultural center (extensive).

36. Incinerator and sanitary land fill.

37. Institutional center (regional).
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38. Municipal hall (community), see Appendix 1.

39. Municipal hall (regional).

40. Airport (community).

41. Airport (regional).

42. Intra-regional rapid transit terminal (rail).

43. Inter-regional rail transit terminal (passenger).

44. Intra-regional rapid transit terminal (bus).

45. Inter-regional bus transit terminal.

46. Gas storage and distribution terminal.

47. Water treatment plant.

48. Water pumping plant.

49. Water source.

50. Sewage treatment plant.

51. Electric power generation plant.

52. Electric power substation.

MODULE DEFINITION PROCEDURE
Module definition is itself a form of design since to define a module in detail is to design it. Indeed, it
would be possible to apply the Land Use Plan Design Model at this microscopic level to aid in this defini
tion of a module. In this project, however, modules were defined heuristically according to the follow
ing sequence:

1. Module name designation.

2. Module area specification.

3. Allocation of the module area to module components.

4. Definition of land use categories represented in the module.

5. Definition of module purpose.

6. Specification of intra-module design standards.

7. Specification of the following inter-module design standards.

a. Allocation standards.

b. Spatial accessibility and compatibility standards.

c. Resource conservation standards.
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d. Linkage requirements standards.

Examples of Module Definitions
Examples of module definitions are included in the Appendix to this report. These sample modules are
intended to illustrate typical examples of modules and are not intended to be absolute or optimal in any
sense. The structure of the Land Use Plan Design Model is quite flexible and does not depend for its
operation on any particular module definitions. Modules may be modified by the designer as required.
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Chapter V
OBJEC TIVES AND DESIGN STANDARDS

INTRODUCTION
The purpose of this chapter is to define the terms "objective" and "standard" and to explain the classes
of design standards used as inputs to the design model~nd the manner in which these design standards
affect model operation. It is not the intent of this chapter/to present specific objectives or design standards
of universal applicability to many urban areas.

The terms objective and design standard have been defined previously herein, but the definitions are
repeated here for convenience.

1. Objective: a goal or end toward the attainment of which plans are directed.

2. Standard: a criterion used as a basis of comparison to determine the adequacy of plan proposals to
attain objectives.

THE DESIGN STANDARD AS A CONSTRAINT
The role of design standards in the model is best understood in the light of the nature of the design model
as a placement and routing process. This process is illustrated in Figure 1. From the diagram it can be
seen that the first phase of model operation involves the placement of the modules in space. Four primary
inputs are required to this placement process: 1) module descriptions, 2) constraints on the design solu
tion, 3) the costs of development (both site and linkage), and 4) space definition.

In the placement and routing process, design standards act as constraints on the design solution. They
tend to reduce the number of feasible solutions; that is, the number of combinations the model must search
in order to attain an optimal solution.

The nature of a design standard as a constraint provides a definite requirement as to the manner in which
these standards must be defined. The most fundamental requirement is that the standards be quantifiable,
at least in the binary sense. A binary standard is one in which it must be possible to state whether the
standard is met by a certain plan or whether it is not. Some standards must be more extensively quanti
fied in the sense that a scalar number must be provided; but the overwhelming number of standards, since
they act as constraints, are really only "yes" or "no" binary criteria.

It is really not possible to discuss in a general way the nature of standards since different standards tend
to affect model operation in different ways. The discussion in the following paragraphs will classify stand
ards in the way that they affect model operation. One important distinction, however, must be made even
before standards are classified. This distinction relates to the difference between the design standard as
a criterion for a design and the quite different application of a design standard as a partial design solution.
The only legitimate design standard, from the viewpoint of a design model, is a standard that provides
a value or criterion to judge or evaluate a solution. The standard must never be a solution in itself. If
used to provide a design solution, a standard precludes the need for a design model at all. In this chapter,
we will be concerned only with standards that act as design criteria and not with standards that provide
preconceived solutions.

CLASSIFICATION OF DESIGN STANDARDS
Analysis of the development objectives and design standards formulated to date in southeastern Wisconsin
has indicated that design standards may be classified into two basic groups based on their effects on model
operation.
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Design standards may be classified by a number of different methods, but the most basic separation is
between standards that affect the internal organization of a module versus those that affect the external
relationships between modules. The internal type of design standard will be designated here as an intra
module standard, while the external design standard will be designated as an inter-module standard.

An intra-module standard affects the definition of the module only and affects model operation only indi
rectly in its definition of module size and physical characteristics. An inter-module standard is one that
affects the relationships between modules. This type of standard has a direct effect on model operation.
In this chapter, we will be concerned further only with inter-module standards.

The classification of inter-module standards to be described is based upon the design standards formulated
in the regional land use-transportation study of the Southeastern Wisconsin Regional Planning Commission.
These standards are believed to be, however, typical of the design standards that might be formulated in
other areas. Analysis of the design standards used in southeastern Wisconsin has indicated four basic
classes of design standards:

1. Allocation Standards

An allocation design standard designates the number of modules of one type in relation to the number
of modules of other types. This type of standard affects only the numbers of each module type that
are provided as input data to the model. It does not affect directly the operation of the model itself.
The final plan design, however, can be profoundly influenced by the number of modules of each
type provided as input.

2. Spatial Accessibility and Compatibility Standards

These standards specify the spatial distance or access time requirements needed between modules.
This type of standard directly affects model operation in the module placement process. It is
important to understand that a given set of accessibility and compatibility standards may be infea
sible in that they present conflicting and unattainable accessibility and compatibility requirements.
In model operation the need for a close accessibility is obtained by the insertion of a high "dummy"
linkage cost in the model. Such a high cost will tend to locate the modules as close together as
allowed by other constraints. A standard designating certain modules as incompatible is expressed
in terms of a very low "dummy" linkage cost. Such a low cost will tend to provide for the separa
tion of these modules in the final plan design.

3. Resource Conservation Standards

These standards provide for the exclusion of certain land from development by certain types of
modules. This standard also directly affects the module placement process. It is implemented in
model operation by the provision of high "dummy" site costs for those module-resource combina
tions which are considered incompatible. Such high site costs will tend to prevent the location of
the modules on the incompatible land space which should be preserved for sound resource conser
vation reasons.

4. Linkage Requirement Standards

These standards require that various utility, transportation, and other services be provided to
designated modules. This standard affects the module linkages that are provided as input data with
each module. In this sense, it is like the allocation standard in that it affects input data and, there
fore, plan design but does not affect the operation of the model itself.
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Chapter VI
DEVELOPMENT COSTS:SITE AND LINKAGE

ROLE OF DEVELOPMENT COSTS IN THE MODEL
The primary objective of the Land Use Plan Design Model is to spatially allocate land uses within a plan
ning area so as to minimize development costs within the constraints imposed by stated development
objectives and standards. The model thus requires, as one of its necessary inputs, construction, main
tenance, and operation costs for each of the various supporting facilities, such as streets, sewer lines,
and water mains, and for each of the several elements associated with site development, such as grading,
building foundations, and parking lots. Moreover, these development costs must be relatable to various
possible spatial locations within the planning area.

A means for readily relating development costs to specific geographic subareas of a planning area or
region was not at once evident. After some search for such a means, the concept of utilizing detailed
operational soil surveys as the basis for relating costs to geographic location was developed.! Development
costs vary with soil type, and the detailed operational soil survey provides a ready means for relating
these costs to mapped areas. Moreover, the necessary soil surveys are based on relatively well-developed
and standardized techniques and are available nationwide on request.

Cost values are input to the model in two basic forms: cost per unit distance of inter-module linkages and
as total cost of land development of complete unit modules of land use. An inter-module linkage may be
defined as a service utility line; for example, a water main, forming a necessary connection between two
modules of land use. A linkage is inter-modular in nature and implies linearity as opposed to area.

Internally each module type has been defined as containing certain areas allocated for such uses as build
ing site, parking, vehicular circulation, landscaping, loading facilities, and certain service utility improve
ments, such as water, gas, electric, and telephone transmission lines, as required for that module type.
Site development cost then is the total cost of construction of all facilities and necessary associated service
utility lines internal to a particular module type.

The foregoing definition of site development cost needs to be modified in light of one of the basic concepts
underlying the model; namely, that construction costs are variable with soil characteristics and condition
obtaining at the job site. Thus, only those components of each facility whose cost is related to soil type
need be priced. For example, a building of given dimensions and weight will require more elaborate and
hence more costly foundations if placed on marsh than if located on soil containing a high percentage of
coarse grained material having comparatively high bearing strength. The superstructure becomes irrele
vant, and only the comparative costs of placing the foundation on the two different soils need be considered.
Again, a parking lot of given size and capacity will require different thicknesses of surface and corre
sponding capital expenditures depending upon the bearing capacity of the soil upon which it is constructed.
Costs of grading of sites are a function of both the quantities of earth moved as determined by topography
and of soil type.

One may visualize. a module unit of, say, one city block square containing certain facilities infixed quanti
ties and arrangements. As this unit is moved about over a planning area, the costs of construction of all
soil-related components of the facilities and hence the site development cost will in theory be continually
changing with change in soil type and topography. Costs of construction of the inter-modular linkages,
too, will, of course, be a function of the terrain upon which they are placed. Hence, as module locations
change, associated linkage costs will change.

!This concept was first advanced in connection with the land use simulation model developed under the South
eastern Wisconsin Regional Planning Commission's Regional Land Use-Transportation Study.
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Dollar costs, as such, are of no consequence to the model. Only the relative dimensions of the various
linkage and site development costs are significant, and all costs may be reduced to relative terms. A sub
routine was developed to generate a matrix of soil category-module type values. This matrix becomes an
input to the model itself.

EXPLORATORY TECHNIQUES
The initial emphasis in the development cost phase of the project was the conception and formulation of
methods and processes for compiling the required data, followed by investigation of some of the possible
sources of data to determine whether the preconceived methods were feasible and, if not, what compilation
techniques were best suited to the data sources as they existed in fact. The development cost study then
entered a second stage, the objective of which was analysis of the data obtained to provide input for trial
runs of the model.

Compilation Procedures Explored
A number of procedures for developing urban development cost data suitable for the design model applica
tion were explored. At the outset it was hoped that comprehensive compilations of development costs in
the existing technical literature would provide the major portion of the cost functions needed for model
operation. A careful search of materials in the engineering libraries of the University of Wisconsin,
Madison, Wisconsin, and of Marquette University, Milwaukee, Wisconsin, produced only relatively piece
meal references to, and listings of, urban development costs. No comprehensive listings of the kinds of
cost data required have been discovered.

The apparent absence of any previously prepared rosters of urban development, maintenance, and operating
costs necessitated the assembling of one. Primary sources of information have been the historical cost
records of certain governmental agencies within the Region; notably, the Bureau of Engineers, City of
Milwaukee, and the District 2 Office of the State Highway Commission of Wisconsin.

"Basic Items" Approach: The "basic items" approach was conceived during the early efforts to formulate
a systematic method for compiling development costs. The construction operation for each of the improve
ments necessary to support urban land development was to be separated into what were believed to be
basic items of procedure and operation for both the preconstruction and construction phases. For example,
in the case of streets and highways, the total construction operation was seen as the sum of three pre
construction items and eight construction items, namely: 1) preconstruction engineering (design and
surveying), 2) right-of-way acquisition, 3) overhead, 4) construction engineering (inspection), 5) clear
ing, 6) grubbing, 7) topsoil, 8) grading, 9) pavement, 10) drainage, and 11) signs and guardrails.

This approach was believed to have two advantages. First, it was thought that the synthesis of total con
struction costs by summation of typical costs of the several items would yield a more representative devel
opment cost than would the averaging of the total construction costs of actual projects. Secondly, those
construction operations which are heavily influenced by soil character and condition could be separated
from those items which are only slightly affected by soil character and condition at the job site. For
example, in street and highway construction, the grading, pavement, and drainage items are markedly
influenced by the soil conditions encountered, while the remaining eight items are relatively independent
of those conditions.

Study of historical cost records at the sources available forced the conclusion that this approach, advan
tageous as it appeared to be, was impractical. Generally, the data was available only as bid prices per
unit distance; and no rational means for breaking down these figures to correspond with the basic items
mentioned above could be found. At those sources, notably the State Highway Commission of Wisconsin,
District 2 Office, Waukesha, Wisconsin, where it appeared that the nature of the data would permit use
of the itemized format, it soon became apparent that the research effort required to "pull" the data from
the historical cost records and rearrange it into the desired form would require appreciably more time
than was practically available for the task.

Historical Cost Records Search: Originally, it was hoped that the soil-construction cost correlation could
be demonstrated by taking data from the historical cost records more or less at random and relating those
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costs to the soil character and condition known to exist at each job site. For example, the costs of several
jobs each involving, say, eight-inch diameter concrete sanitary sewer pipe laid at a constant average
depth would be correlated with certain soil characteristics and conditions at the corresponding job sites.
Multiple correlation techniques were to have been used to establish correlation of cost with such specific
soil characteristics as, for example, the percentage of fines passing the No. 200 sieve and soil permeability.

It was soon recognized, however, that the values used, that is, bid prices per unit distance of successful
bidders, were for several reasons sensitive to other factors, as well as to soil conditions; and the level
of research necessary to develop such a correlation, if it could in fact be established from historical
records at all, was beyond the scope of the current project.

The factors exercising significant influence on the values of successful bid prices are basically two: con
tractors' bidding practices and soils information. A contractor's need or desire for work and his anticipated
competition and labor costs sometimes motivate him to offer bids known to be unrealistic in relation to
true costs of performance. Bid prices are often further unbalanced by the necessity, or at least the
practice, of preparing bids without adequate soils information at hand, the element of risk operating to
increase the proffered bid. Even where adequate soils information is available and used, actual field
conditions are generally so complex that risk cannot be entirely eliminated.

Preselection of Gross Soil Categories: Recognition of the operation of other factors to mask any de facto
relation between soil characteristics and construction cost led to the adoption of more gross categories
of soil character and condition than originally intended. Three broad divisions of soil characteristics,
together with the possibility of bedrock outcrops, were finally selected for use. All soils identified and
mapped in the detailed operational soil surveys may be classified into one of the three divisions. As shown
in Table 1, each division is cross-referenced against three soil conditions simultaneously: depth to water
table, depth to bedrock, and slope or degree of terrain ruggedness.

In theory the soil category system (Table 1) which has been adopted for use with the model differs from
the scheme originally conceived principally in the degree of refinement of the soil character groupings
selected. The three divisions-fine grained soils, coarse grained soils, and highly organic soils-seem
reasonable for a first attempt to demonstrate the soil-cost correlation. The task is virtually without
precedent. With further research more refinement in the correlation may prove to be feasible.

The decision was made to abandon use of historical cost records in favor of expert estimates in the effort
to establish a soil-cost correlation. This was done because of the realization that the undertaking of the
alternative approaches, if possible at all, was too extensive to be accomplished within the time and cost
limitations imposed in the current project. Before passing to a discussion of the use of expert estimates,
a singular aspect of the historic cost records search technique deserves mention.

Energy Approach: Study of the records of the Metropolitan Sewerage Commission of the County of Mil
waukee; the Bureau of Engineers, City of Milwaukee; and of the State Highway Commission of Wisconsin
disclosed data on man-hours and machine-hours expended on each job. The logs are kept by project engi
neers or inspectors on a daily basis. The existence of these records suggests the possibility of measuring
construction costs in man-hours and machine-hours rather than in dollars, which, as noted, frequently do
not accurately reflect actual energy expenditures required. This approach should override not only the
effects of erratic bidding practices mentioned earlier but regional differences in construction costs and
wage scales would become irrelevant as well. As a check, the daily logs of City of Milwaukee inspectors
were used to calculate man- and machine-hours expended on three sewer construction jobs. The results
are shown in Table 2. It can be seen that man- and machine-hours show the expected general relationships
to diameter and trench depth.

The energy expenditure approach deserves consideration for further research and development as a source
of accurate cost data and is perhaps the most promising means for precisely demonstrating the soil-cost
correlation. Apparently, many public works agencies already keep logs of man- and machine-hours as
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Tab 1 e I

SOIL CATEGORY RELATIONSHIP MATRIX

,
Unified less 1han I ft. 10 Water 1able I ft. 10 S ft. 10 Water 1abl e S ft. And Over 10 Water 1able
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A
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C2 1112 1122 1132 1212 1222 1232 1312 1322 1332
Grained 0 1

Soils O2

E 1113 1123 1133 1213 1223 1233 1313 1323 1333
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2221 2231 2311 2321 23312111 2121 2131 2211

B
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Grained

° I
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E 2113 2123 2133 2213 2223 2233 2313 2323 2333

F

A
3211 3221 3231 331 I 3321 33313 I II 3121 313 I

B

CI
Organic

C2 31 12 3122 3132 3212 3222 3232 3312 3322 3332

°1
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A --- ij31 1--- --- --- --- --- --- ---B

CI

C2 --- --- --- --- --- --- ij312 --- ---Bedrock
° I

°2

E --- --- --- --- --- --- ij313 --- ---
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a
The percent average slope for each slope group is as follows: A equals 0.5 percent, B equals 3.5 percent, Cl' equals 7 percent, C2 equals

10 percent, D1 equals 13 percent, D2 equals J7 percent, E equals 24.5 percent, F equals 37.5 percent.

b
This four digit code number synthesizes four significant soil characteristics deemed requisite for cost estimation. Critical ranges of
these characteristics; soil texture, depth to water table. depth to bedrock, and slope; are represented by the first, second. third, and
fourth digits. respectively.

Source: SEWRPC.
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Table 2

COMPARISON OF MAN-AND MACHINE-HOURS

Pipe Average
Diameter Tre nc h Depth Man Machine

8 inches ilL I feet 76 hours 21 hours
12 inches 7.7 feet 27 hou rs 6 hours
72 inches 13.2 feet 203 hours 90 ho urs

Source: SEIW?PC.

a standard practice. It may be possible to make those data more directly adaptable to the forms required
by design models with comparatively minor modifications to existing daily logs.

Compilation Procedure Adopted
The method of development cost compilation adopted from among the several possible approaches explored
as being the most workable within the limitations of the current project was the "expert estimates"
approach. The soil categories in Table 1 were used as the basis for all service utility improvement cost
estimates. Estimates of costs, and in certain cases quantities, were developed for each of the categories
in Table 3 for each of the service utility improvements.

The costs obtained were for either unit lengths of the complete utility line or for certain specific operations
inherent in the construction of the utility. For example, in the case of a sanitary sewer of given pipe
diameter and trench depth, the construction cost was obtained as dollars per linear foot for each category.
In the case of streets and highways, estimates of both the quantity of excavation as a function of topography
and the cost of handling a unit quantity were estimated for each of the categories in Table 1, the product
of these two values being used to adjust a base cost of street or highway construction to obtain cost per
unit distance.

SIGNIFICANCE OF DEVELOPMENT COSTS
Only after further experience with the model application will the effect of variation in accuracy of cost
data upon spatial land use allocations be known. From the point of view of development costs, one of the
most important pieces of information to be gained from trial runs of the model is the percent inaccuracy
of the input costs that can be tolerated without inducing significant change in the land use patterns produced.
Again, from the development cost standpoint, the tolerable percent error of the cost figures is singularly
important because the level of effort required to obtain cost values varies directly, but probably not
linearly, with the degree of accuracy needed. Should the preliminary runs show need for relatively high
levels of accuracy of cost data, and the model were to be widely adopted, it would seem highly important
to ascertain the most efficient methods and sources for obtaining the level of accuracy known to be neces
sary as a guide to all future model users.

Time limitations implicit in the current project did not permit establishment of the soil character-con
struction cost correlation from historical evidence. Conceptually this initial phase will serve to expose
and outline directions, methods, and research needs for the task of creating a rational method for devel
opment cost compilation and analysis.

Development Costs
In the latter stage of the development cost phase of the project, emphasis has been on the development of
costs of construction of the several service utility linkages, such as sanitary sewers, water lines, and
freeways, and the cost of providing each of the several elements, such as parking areas, paved play
areas, and site grading, which are incorporated into the modules of land use. Also, road user and vehicle
operating costs for each of the typical rural and urban highways, as defined by the Southeastern Wisconsin
Regional Planning Commission, have been developed. 2

2 See SEWRPC Planning Report No.7. Volume 2, Forecasts and Alternative Plans--1990, June 1966. pages 24 and 25.
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All of the construction costs have been correlated with the categories of soil character and conditions.
These soil categories are shown in Table L The final set of slope groups conform to those defined by the
Southeastern Wisconsin Regional Planning Commission and permit closer approximations to the maximum
slopes permissible for different land uses, such as, residential, industrial, and active recreation.

Other refinements to the soil categories (Table 1) are theoretically possible. For example, each of the
three major divisions of the Unified Soil Classification-fine-grained soils, coarse-grained soils, and
organic soils-could be expanded to the individual texture groups within each division. The bedrock cate
gory could be further subdivided into the subcategories of rippable and non-rippable rock. Also, the soil
condition, 1 foot to 5 feet to water table, may be divided into two parts: 1 foot to 3 feet and 3 feet to 5 feet
to water table.

In view of the present state of the art of service utility construction cost compilation and analysis and the
existing level of refinement of soils information, further expansion of the soil categories in Table was
not considered justified. The number of soil categories would be disproportionate to the accuracies of
construction cost data and soils information now available. At such time as more precise cost figures and
more detailed soils information become available, however, Table 1 may be expanded accordingly while
retaining its present basic format.

It is significant that all of the categories of soil character (that is, the major divisions of the Unified Soil
Classification) and of soil condition (slope group, depth to water table, and depth to bedrock) shown in
Table 1 are identical with the forms of soil data available in Southeastern Wisconsin Regional Planning
Commission publications and from soils maps. 3 For example, Table 4 of SEWRPC Planning Report No.8
contains columns of data on Unified Soil Classification, estimated water table depth, and estimated bedrock
depth for each soil found in the Southeastern Wisconsin Region. The average percent slope of each soil
area in the Region is also readily available from soil maps, such as the one shown on page 15 of SEWRPC
Planning Report No.8.

RATIONALE OF COST DEVELOPMENT
Each module is made up of elements which occur in one or more of the several module types and in
combination with one or more of the other elements as a functional subcomponent of the module. A number
of common linkages also serve to interconnect a number of different modules.

It is these intra-modular elements and inter-module linkages for which costs of construction have been
prepared. All such costs have been formulated within the framework of Table 1; that is, all costs are
a function of soil texture, slope, depth to water table, and depth to bedrock. The common units of cost
evaluation are dollars per linear foot for linkages or elements such as water or sewer lines and dollars
per acre for elements such as parking lots.

The bulk of the raw data used in the development of costs was obtained from three sources: the Metro
politan Sewerage Commission of the County of Milwaukee; the District 2 Office of the State Highway Com
mission of Wisconsin, Waukesha; and the Department of Public Works, City of Milwaukee. Within the
latter Department, assistance in the form of cost data and information was prOVided by the Bureau of
Bridges and Public Buildings, Bureau of Engineers, Bureau of Street and Sewer Maintenance, and the
Milwaukee Water Works.

To eliminate the need to perform numerous tedious manual computations, computer programs were written
to generate costs in the format of Table 1 for most of the elements and linkages. Study of the computer
analysis revealed certain consistent and predictable patterns of variation in costs. Generally, costs
increased as depth to bedrock decreased and as depth to water table decreased. In those instances, such
as a highway right-of-way or a paved play area, where grading of right-of-way or of site entered as a cost
factor. cost increased with increase of slope due to the greater quantities of material to be moved.

3 See SEWRPC Planning Report ~o. 8, Soils of Southeastern Wisconsin. June 1966.
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COMPARISONS OF COSTS

Utilities and Thoroughfares
A comparison of the costs of construction of some of the linkages with one another and with vehicle
operating costs is of interest. For water distribution lines, costs were found to range from about $40,000
per mile to $500,000 per mile for pipe diameters from 6 to 60 inches. Storm sewer costs were found to
range from about $28, 000 to $200, 000 per mile for pipe diameters from 8 to 54 inches. For sanitary sewer
pipe diameters of 8 to 24 inches, construction costs were found to range from about $48,000 to $190,000
per mile.

Conventionally, service mains are located under the pavement. An alternative is to place them between
the pavement edge and the right-of-way line (see Figure 3). The latter arrangement is used by the City of
Milwaukee in newly developing residential areas. If sidewalks are to be used, they may be placed over
the mains after complete consolidation of the trench backfill material has occurred.

The latter locations have the advantage of minimizing disruption of pavement during construction or repairs
and reducing interference with traffic flow. Since the backfill material need not support a pavement and
traffic surcharge, the original earth may be used for the backfill instead of selected granular material.
In the more conventional arrangement where the mains are placed under the pavement, the excavated
material must be removed from the site and granular backfill hauled in unless it is feasible to delay pave
ment construction until the following construction season when an earth backfill will have had time to con
solidate. The use of earth backfill will, of course, reduce the construction costs of service mains in the
"curb-lawn" location below those to be expected in the "under the pavement" case.

Lateral line trenches to buildings may be shared in common by the sanitary, water, and storm services
at nominal depths of nine feet, six feet, and four and one-half feet, respectively. Earth backfill will suffice
for lateral trenches across private property, but generally gravel backfill will be required within the
right-of-way.

Construction costs of thoroughfares were found to range from about $200,000 to $1,100,000 per mile for
facilities ranging from urban land access streets to urban 8-lane freeways, respectively. The equivalent
rural facility costs were found to range from $150,000 to $950,000 per mile. Railroad line costs were
found to range from $100,000 per mile for single-track industrial sidings to $200,000 per mile for single
track main line.

The construction cost ranges given above as examples for water lines and sewers are for an assumed field
condition of fine grained soil, slope group A (0 to 1 percent), and more than five feet to both water table
and to bedrock. In Table 1 this corresponds to the soil category position in the extreme upper right "box"
of the table. Other soil categories would, of course, yield different cost values for each of the linkages.

Thoroughfare and railroad main-line costs are averages of the costs per mile based upon the most favor
able and the most adverse categories of Table 1. In addition, the three highest figures for thoroughfares
and railroads include factors of about 25 percent for bridges, interchanges, and/or other right-of-way
structures.

Road User and Operating Costs
A comparison of these capital costs with vehicle operating and road user costs on the several urban and
rural freeways and expressways is of interest. To make a direct comparison, the annual road user cost
of each facility based upon capacity was discounted to its present value. The discounting was done using
an interest rate of 6 percent and a term of 20 years. The results are tabulated in part in Table 3.

It can be seen that the present value of vehicle operating cost is many times greater than street and high
way capital cost. In the operation of the model when the division halves are joined by the appropriate link
ages, such as thoroughfares, storm and sanitary sewers, and water lines, needed to connect the land use
modules which have been allocated to each of the halves, present value of vehicle operating cost will gen-
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erally comprise a large percent of the total linkage cost. The range of difference between vehicle operating
costs and other linkage costs can be illustrated as follows: if one of the largest unit capital costs of about
$1,100,000 per mile for an 8-lane urban freeway and one of the smallest unit capital costs of about $40,000
per mile for 6-inch diameter water main are compared with the present value of vehicle operating cost
only (column 1) on a rural standard arterial, the operating cost is 3.4 and 94 times as large, respectively.
Other linkages have construction costs intermediate between those for 8-lane urban freeway and 6-inch
diameter water main and yield operating cost-capital cost ratios within the range 3.4 to 94. If the two
capital costs given above were compared with anyone of the remaining three values in columns (1) and (2)
of Table 3, considerably larger ratios would result.

All vehicle operating and road user costs were computed using the method of analysis presented and illus
trated in Road User Benefit Analyses for Highway Improvements. 4 For each urban and rural freeway and
arterial facility, an equation was formulated expressing the average annual road user cost in terms of the
annual average daily traffic and the length in miles.

For example, for the rural standard arterial, the equation is:

C =100 NL
where

C=annual average road user cost - dollars

N=annual average daily traffic (AADT)

L= length of facility - miles

When the capacity of this facility in vehicles per day is used, the equation becomes C = 890,000 L. Hence,
the average annual road user cost for a one-mile section is $890,000.

Maintenance Costs
The cost of maintenance of thoroughfares appears to be appreciably greater than for buried utilities lines.
Annual costs of maintenance of the several types of standard urban and rural arterials and freeways were
provided by the Transportation Planning Division of the Southeastern Wisconsin Regional Planning Com
mission in conjunction with the State Highway Commission of Wisconsin. These were compared with
thoroughfare maintenance costs developed from cost information provided by the Department of Public
Works of the City of Milwaukee. The costs were discounted to their present values to permit comparisons
with the capital costs of prOViding the facilities. Again, an interest rate of 6 percent and a term of 20 years
were used. It was determined that the present worth of maintaining urban arterials and freeways over
a 20-year period amounted to about 25 to 30 percent of construction cost.

Table 3

COMPARISON OF OPERATING AND CAPITAL COSTS

Presen t Value
Vehicle Operating

Cost PI us
Facility Present Value Depreciation

Vehicle Operating Plus Time Capital Ratio Col umn ( I )
Cost Only ( ro ad user cost) Cost Over Column ( 3 )

Urb an Freeway (8-lane) $20,300,000 $~9,000,000 $1,100,000 18
Ru ra 1 Standard Arterial $ 3,760,000 $10,200,000 $ 300.000 13

Source: SEWRPC.

4 American Association of State Highway Officials, Road User Benefit Analyses for Highway Improvements, Part I,
"Passenger Cars in Rural Areas," 1960.
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For the buried utilities lines, specifically storm and sanitary sewer, maintenance values of about $350 and
$600 per mile per year, respectively, furnished by the Sewer Engineering Division, Bureau of Engineers,
City of Milwaukee, were used as the basis for comparison. These figures, when discounted to their pres
ent values and compared with the capital costs of the smaller diameters of storm and sanitary sewers,
amounted to about 10 percent or less of the initial investments.

Site Development Elements
Certain construction costs associated with the internal development of modules lend themselves to cost
evaluation on an area basis rather than a linear basis. The costs of construction of paved play areas,
parking areas, foundations for residences, on-site sewage disposal units, and general site grading have
been evaluated in dollars per acre.

Initial costs of paved areas were found to vary from about $13,000 per acre for play areas to $23,000 per
acre for truck parking and unloading areas. Costs of residential foundations were found to range from
$16,000 to $18,000 per acre of actual net area occupied by dwelling units.

A typical septic tank, drainage field installation was evaluated at about $1,000 per installation. Since
these on-site disposal units are applicable only for low-density residential areas where lot sizes are highly
variable, cost per acre was not found to be particularly meaningful in this case. However, the minimum
lot size for this module type has been defined as 185 feet by 200 feet or 37,000 square feet. Assuming one
installation per minimum lot, initial cost of on-site sewage disposal will approximate $1,200 per acre.

Severe restrictions as to the character and condition of soils on which septic tank systems will be per
mitted are imposed by many state and local regulatory agencies. Such restrictions are imposed to insure
that disposal systems are not installed in areas where poor soil percolation, high water table and/or bed
rock, severe slopes, or other adverse conditions would seriously interfere with their proper functioning
or produce conditions detrimental to the public health. With these restrictions in view, only 10 of the
84 soil categories of Table 1 have been designated as suitable for on-site sewage disposal units.

Site grading costs were developed for maximum allowable slopes from 0 to 37 percent. An average per
cent slope was selected for each slope group A through F in Table 1. The difference between each average
percent slope and maximum allowable slope was then multiplied by a factor having the units of cubic yards
per percent slope per acre and by cost of excavation per cubic yard for the appropriate soil category to
obtain dollars per acre. For fine-grained soils and slope D1 (average percent slope equals 13), grading
costs varied from about $5,500 per acre for a maximum allowable slope of zero to about $400 per acre
for an allowable slope of 12 percent. For greater allowable percentages of slope, no excavation was
theoretically required for slope group D1 nor for the "flatter" slope groups A through C2.
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Chapter VII
MODEL THEORY AND COMPUTER PROGRAM

INTRODUCTION
Earlier chapters of this report have: 1) outlined the general approach to an urban design model, 2) devel
oped the concept of the module as the basic unit for model manipulation, 3) explained the rofe of objectives
and design standards as constraints to the design process, and 4) traced the origins and effects of land and
facility development costs.

In this chapter the rationale and the methodology of the design model itself, together with an explanation of
the model computer program, will be presented. Previous chapters have described an urban design model
in some detail, but a reiteration here is appropriate as a beginning point for a discussion of model theory.
The urban design model is defined as a systematic search procedure for the generalization and evaluation
of alternate spatial arrangements of land uses with a view to discovering a least.,.cost design solution that
meets all of the design standard constraints.

A variety of modeling techniques exists that could serve as candidates for a design model. These techniques
range from classical calculus to linear and dynamic programming. The selection of a modeling technique
for the urban design model must consider certain requirements:

1. The model search procedure involves the manipulation of discrete elements rather than continuous
variable quantities. In other words, the model is a finite model rather than a variable model.

2. The technique must provide for consideration of linkage, as well as site-oriented cost and con
straints.

3. The technique must be adaptable to unusual features of site topography and conditions.

4. The technique must be easy to understand so that human intervention in the modeling process by
the designer is possible, if required.

The requirement for a discrete model eliminates many modeling techniques, such as the calculus and
linear programming which deal with continuous variables. The requirement for handling linkages would
seem to imply some sort of network-oriented technique.

As a result of the investigation of a number of possible approaches, linear graph theory was selected
as the theoretical basis for the modeling technique to be used in the urban design model. Linear graph
theory allows for the representation of the modules as nodes in a graph, some of which are joined by links.
Linear graph theory seems to provide most of the requirements of a modeling technique for the urban
design model.

LINEAR GRAPH MODEL
Any discussion of a linear graph model must be preceded by a series of definitions. A "set" is defined
as a collection of elements. In the urban design model, these elements are the modules. A "linear graph"
is defined as a structure of a set of elements, some of which are joined by links. Such a linear graph is
illustrated in Figure 4. "Decomposition" is defined as the subdivision of the set of elements of the linear
graph into subsets according to some criterion.

In a previous chapter, the contributions of Christopher Alexander and his associate, Marvin Manheim,
were discussed in general terms. In addition to their contributions to the conceptual framework of urban
design, Alexander and Manheim provided significant theoretical background for the modeling technique
used in the urban design model.! Although the use of this technique by Alexander and Manheim was consid-

1 See Bibliography reference No.1.
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erably different from its application in the urban design model, much of the technical knowledge developed
by Alexander and Manheim was applicable to this project. A brief description of the use of linear graph
theory by Alexander and Manheim will make it possible to understand its application to the urban design
model.

As already noted herein, Alexander defined the problem of design as one of achieving a "fit" between the
requirements of a design and the design form providing the solution to these requirements. To prOVide
a vehicle for the subdivision of interacting design requirements into subsets, Alexander and Manheim
developed the HIDECS program.2 HIDECS is an abbreviation for a program providing for the Hierarchical
Decomposition of Systems which have an associated linear graph. The HIDECS program was developed to
deal with a linear graph consisting of a set of elements (M) and a set of two element links (L). The linear
graph is represented by the function G(M, L). In the Alexander model, the elements represent the design
requirements and the links represent the interaction between these requirements.

The HIDECS program provides for the successive partitioning of the elements into subsets based on aparti
tioning criterion which prOVides for the minimization of the link connections between the partition subsets.
The criteria for the selection of partitions is based on the number of connecting links between the subsets
corrected for a bias toward special partitions. An example of such a linear graph and the associated crite
rion are shown in Figure 4.

The input to the HIDECS program is a binary matrix which represents the linkage connections between
each of the set elements. The output of the program is a tree which shows the grouping of the elements
into subsets.

2 See Bibliography reference No.2.
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The HIDECS program was not used directly as the basis for the modeling technique of the urban design
model, but it provided a substantial framework which was used as a foundation for the modeling technique.
The linear graph modeling technique used in the urban design model differs from HIDECS in the following
basic ways:

1. Site costs which are associated with an area must be considered, as well as linkage values, in the
modeling process.

2. The linkage cost cannot be binary as in HIDECS but must provide for variable values for the cost of
link connections.

3. The design model must also provide for special topographic features for modifying the linear graph
partitioning process.

PLACECOMPII PROGRAM
In the initial concept of the urban design model computer program, the modeling process was viewed in
two stages:

1. CLUSTERCOMP-the CLUSTERCOMP sub-program would group the module elements into subsets
independent of site considerations.

2. PLACECOMP-the PLACECOMP sub-program would then place these clusters in site locations so
as to minimize the combined site and link cost of the clusters within the design model constraints.

The above approach was taken in order to simplify the computational problem by determining design in
a two-stage sequence. The above approach has the disadvantage of sub-optimization in that the clusters
rather than the elements are placed. It is conceivable that a different solution would result from the direct
placement of the module at the same time that they are formed into sets.

It was later found possible to merge the functions of CLUSTERCOMP and PLACECOMP into one program
that partitions the module elements into subsets in which each subset partition half is associated with an
area as well as a set of elements. This program, designated as PLACECOMP II, eliminates the sub
optimization inherent in the two-stage modeling process. In the operation of PLACECOMP II, the planning
area of interest is divided into a series of subareas. Initialization of the model program provides for
a subdivision of the modules into one of the initial halves of the planning area. The model then tests
a series of successive adjacent subsets in an attempt to improve the initial partition using a hill-climbing
technique which searches for the best partition. After a best partition of modules has been achieved, each
module is located in one of the two halves of the planning area. The modeling sequence continues by
successive partitions of each of the initial halves into another series of half areas where a new optimal
partition is determined. This partitioning process continues until the area is subdivided to the degree of
detail desired.

PLACECOMP II Computer Program Organization
The PLACECOMP II program, diagrammed in Figure 5, and as subdivided in Figure 6, into a series of
eight sub-programs with the functions as described below:

1. CUCPIN-Mainline program calls data loading programs and initiates operational program sequence.

2. INI-First data loader reads, prints, and stores on disk (tape) the module type connectiVity matrix,
module type number vector, and module type-site area vector.

3. IN2-Second data loader reads, prints, and stores on disk (tape) the cell-soil type inventory.

4. IN3-Third data loader reads, prints, and stores on disk (tape) the module type-soil type combina
tion site cost data.
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5. IN4-Fourth data loader reads, prints, and stores on disk (tape) the number of partitions, connec
tivity price for each partition, parent division of each partition, parent division half of each parti
tion, and the cell list for each partition.

6. DVDIN-Tabulates soil type inventory for each partition half and establishes model initial conditions
before each partition.

7. DVDSTT-Provides initial module partition and initial site and linkage costs as in model initial
conditions before each partition.

8. DIVIDE-This is the optimization subroutine that examines all adjacent partition sets; that is, all
partitions that can be formed by moving one module from one partition half to the other until a least
cost partition is found. Process continues until no lower cost partition can be formed. Least cost
partition is then recorded and the model program returns to DVDIN to start the next partition.

Future Program Improvements
Early experience with the pLACECOMP II program indicates its capabilities in achieving a design that
meets the test of reasonableness and seems to approach a design of near optimality. Certain shortcomings,
however, are apparent in the PLACECOMP II program that were also recognized in the earlier work of
Alexander and Manheim in the HIDECS programs. The basic weakness of PLACECOMP II, like HIDECS II,
is that it achieves its set decomposition in a series of two-way partitions. Such a binary partitioning
approach fails to account for the possibility that a particular element might have been better placed in
a different topographic area after initial partitioning had placed it earlier in a less desirable half-area.
A modification of the PLACECOMP II program now being considered would provide for the testing of two
way, three-way, four-way, and higher value partitions in model operations. Such an approach may lead
to an improved solution in the urban design model. It is still too early to appreciate the significance of
this improvement.

ROUTCOMP and MAPCOMP
The two final programs of the urban design model, ROUTCOMP for the location of linkage paths and
MAPCOMP for display of the outputs of both PLACECOMP IT and ROUTCOMP, are being developed during
the Phase II program.
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Figure 5
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Figure 6
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Figure 6 (continued)
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Figure 6 (continued)
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Figure 6 (continued)

RR-TSC +
NOOCMT

< RTST(i)
< * NONTST( il
i = I

FINFOL-RR

o

36

37i- I OR
i- i + I
(DO 37 i-I. 14-------f----------<

NOOFMT)

61 RTST(I-90)-0
RNTST( 1-90)-0

o
38 iTESTA =0

i TESTS' 0

+

FETCH
MODULE
LINKAGE
MATRIX ROW

i = 1
OR i = i + I
(D029i-l.

NOOFMT)

II - I OR
ii: ii + I
(00 36 ii- I. 14----------1

NOOFMT)

+

RTST(i)- RTST(i
+ iTEST (ii)

* ML (ii)* PRICE

2 FETCH iTLiST
NTL 1ST AND
SiTECT FOR
MODULE
TYPE

RNTST(i)=RNTST(i
+ NONTST(i)*' ML (i il* PR ICE

+

10
3 FIND THE
4 CHEAPEST
5 SOIL TYPE T0!4- --{

PUT A TYPE
j MODULE
INTO

13

12

45



Figure 6 (continued)
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Chapter VITI
MODEL OPERATION

INTRODUCTION
With the model concept established and the computer program prepared, the next logical step in the design
model development sequence is to "exercise" the model in a pilot test. The Village of Germantown, Wis
consin, was selected as the model pilot test area; and in this chapter the pilot application of the design
model to this Village will be discussed. The objective of the exercise was to provide an experimental veri
fication or "shakedown" of the model in order to reveal any problems that might be involved in a full-scale
application. It should be stressed that it was not the objective of this pilot application to develop a recom
mended plan design for the Village since time and funding did not permit community development objectives
and design standards to be extensively explored with the governmental officials and citizen leaders of this
community. The pilot model runs were also useful in establishing preliminary model operation procedures
that will be useful in future full-scale applications.

THE EXISTING SITUATION IN GERMANTOWN
The Village of Germantown in southeastern Wisconsin was incorporated in 1927 and in 1964 greatly expanded
its corporate limits by annexation of a primarily rural area comprising almost a full U. S. Public Land
Survey township of 36 square miles in area. Existing urban development within the Village occupies a very
small part of the total land area of the former township and is largely confined to the old incorporated
urban core area, which served as the center for the rural township. The Village is an integral part of the
Milwaukee Standard Metropolitan Statistical Area (SMSA) and is immediately adjacent to the present
urbanized area of this metropolitan statistical area. The position of the Village, astride a major radial
freeway, brings it under the influence of rapid urbanization. A tabulation of the existing land uses (1963)
in Germantown, Wisconsin, is shown in Table 4. The present population of the Village (1963) is 5,000;
and the projected population (1990), derived from the regional forecasts and used to provide model input
data, is 27,400.

MODEL INPUT DATA
The following modules were provided as input data to the model for the Germantown pilot study and are to
be located by the model operation.

Module Type Number of Modules

1. Residential (low-density) 30

2. Residential (medium-density) 23

3. Park (neighborhood) 6

4. Park (community) 2

5. Sewage Treatment Plant 1

6. Commercial Center (neighborhood) 3

.7. Commercial Center (community) 2

8. Elementary School 7

9. Secondary School 1



10. Municipal Hall

The following linkages were considered in developing the module-to-module connectivity matrix for
Germantown:

1. Urban standard arterial.

2. Urban collector street.

3. Urban local street.

4. Rural standard arterial.

5. Rural collector street.

6. Rural local street.

7. Water supply distribution line.

8. Sanitary sewer collection lines.

The definition of cells for the Germantown pilot application was based on U. S. Public Land Survey one
quarter sections within the Village. Each one-quarter section (1/4 square mile) was made a cell so that
144 cells were defined in all for Germantown. The location of these cells is shown on Map 1. Groupings
of these cells to define the plrtition sequence for model operations were based on the natural and artificial
boundaries existing in the Village. This partition sequence is illustrated in Map 2.

Input Data Format
The specific format for the input data to the model took the following structure:

1. Soil Inventory

Twenty soil categories were defined based on soil texture, depth to water table, depth to bedrock,
and topographic slope combinations, as shown on Table 1 in Chapter VI. These soil categories
were synthesized from the 110 soil types mapped within the Village in the detailed operational soil

Table ~

LAND USE INVENTORY - VILLAGE OF GERMANTOWN: 1963

Land Use Type Ac res

Residential. · · · · · · · · · · · · · · · · · · · · · · 980.2
Commercial a • · · · · · · · · · · · · · · · · · · · · · · 32. I
Industrial a • · · · · · · · · · · · · · · · · · · · · · · 220. 2
Governmental b • · · · · · · · · · · · · · · · · · · · · · 87.9
Transportation c • · · · · · · · · · · · · · · · · · · · · 1,08 ~. 2
Recreation d • · · · · · · · · · · · · · · · · · · · · · · 35.9
Agriculture & Open Space e • · · · · · · · · · · · · · · · 20,665. I

Total 23, 105.6
a
b Includes on-site parking.

Includes institutional uses and on-site parking.
c Includes communications and utilities uses.
d Includes public and nonpublic recreational lands.
e Includes woodlands, wetlands, water, other open lands, and quarries.

Source: SEWRPC.
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surveys of the Southeastern Wisconsin Regional Planning Commission. The area in acres within
each cell covered by each of the soil categories was defined in the soil inventory input data. An
example of the data format used is shown in Appendix v.

2. Site Cost Data

Site development cost data were provided for each soil category and module type combination.
These site development costs were calculated from elemental costs for common elements required
in the location of particular module types in each of the soil category areas. The site development
cost data used are also listed in Appendix V.

3. Module Area and Connectivity Matrix

This input data category provided the area in acres required for each module type. This input
record also contained a normalized connectivity (linkage cost) value between each module and all
of the other modules. This connectivity value was normalized in a range of 1 to 99. Again, the
format data are shown in Appendix V.

4. The Partition Cell List

The partitioning sequence of the model requires a previous definition of the location of each cell
relative to each successive partition half. The location of each cell relative to these successive
partitions is provided in the partition cell list. The partition cell list for Germantown is shown in
Appendix V and is illustrated in Map 1.

5. Partition Connectivity Price

Partition connectivity prices were provided as input data in order to allow for unusual natural or
artificial land features that would increase linkage costs between particular cells in a partitioning.
The total linkage cost between any two modules in a particular partition was determined by mul
tiplying the value of the connectivity matrix by the partition connectivity price. The Germantown
connectivity prices for each partition are also shown in Appendix V.

MODEL OPERATION
Using the input data, the model computer program performed a sequence of six partitions in which each
module was assigned to one-half or the other of the partition during the sequence. The results of the first
partition are shown below:

Module Type 1st Half 2nd Half

1 30 0
2 23 0
3 6 0
4 2 0
5 2 0
6 3 0
7 2 0
8 7 0
9 1 0

10 1 0

The first partition resulted in all of the modules being located in one-half of the partition. Considering the
effects of the natural barrier, a river subdividing the first partition, and the fact that the model is trying
to minimize linkage costs, as well as site development costs, it appears quite logical that all of the modules
would be put into one-half of the total village area.
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The second partition, which attempted to subdivide the first half of the first partition, again assigned all of
the modules to one half. This means that all modules were now located in approximately lone-quarter of
the total village area.

Module Type 1st Half 2nd Half

1 30 0
2 23 0
3 6 0
4 2 0
5 2 0
6 3 0
7 2 0
8 7 0
9 1 0

10 1 0

The third partition would have involved the subdivision of the second half of the first partition, which con
tained no modules. This partition was not performed because there were no modules to subdivide.

The fourth partition provided the following subdivision of the modules in the occupied quarter (1st half)
resulting from the second partition:

Module Type

1

1st Half

8

2nd Half

22

All the remaining modules were assigned to the second half of the partition.

In the fifth partition, the eight low-density residential modules (module type No.1) of the fourth partition
were subdivided equally between the halves of the fifth partition:

Module Type

1

1st Half

4

2nd Half

4

The sixth and final partition used in the test subdivided the second half of the fourth partition in the follow
ing manner:

Module Type 1st Half 2nd Half

1 11 11
2 8 15
3 1 5
4 1 1
5 0 2
6 0 3
7 1 1
8 3 4
9 0 1

10 0 1

The final plan design resulting from the partition sequence of the Land Use Plan Design Model is shown on
Map 3. This map indicates the location of each of the modules after the final partition. All modules are

1 The partition half areas were not always equal in size.
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placed based on their location in each partition half and the category of soil to which the module has been
allocated. Soil category information permits a more precise placement of each module than would be pos
sible through binary partitions alone since the large number of soil categories pinpoint a limited area in
each partition half.

CONCLUSIONS
Evaluation of the pilot test of the plan design model leads to the following conclusions:

1. The design model produces a solution that is quite reasonable considering the nature of the objec
tive function and the design constraints. In this sense, the model "works."

2. The greatest source of difficulty encountered in the pilot study model runs involved the transforma
tion of raw data into finished information for input to the model. A simplified data reduction pro
gram set should be developed in Phase II of the project to .provide for ease of data transformation.
Simplified data reduction is vital if wide usage of the design model is to become a reality.

3. Since the basic element of the design model and its resulting physical plan is the module, there
is a need to express the initial conditions of the model-including the initial land use inventory
in module terminology. Since land use data are not usually expressed in module terms, such
a requirement imposes a need to transform land use data into module terms. Although such a trans
formation may seem somewhat artificial since the original land was not developed in module ele
ments, it is necessary in order to initialize the model run. Early model runs have assumed no
initial land use development. In other words, the design model started with a "clean slate" with
all land initially undeveloped. The model has now been modified to permit the entry of initial
land use conditions. All subsequent land development takes place based on these initial land
use conditions.

4. One of the deficiencies discovered in the initial programming of the model was a certain amount of
"double counting" with regard to linkage costs. The inter-module connectivity matrix expresses
the unit distance cost of linkages between two modules. If only two modules were involved in a par
tition, this connectivity cost could be used to compute the linkage costs between the modules. In
a typical partition, however, a large number of modules will be located in each half of the partition;
and many of these modules may use the same linkage elements, such as roads and sanitary sewer
mains. For this reason, the model must avoid linkage cost duplication in calculating the linkage
costs between modules. The model has now been modified to provide a basic cost for the initial
linkage element and incremental costs for expansion of this linkage facility as a function of the
number and kinds of elements at each end of the linkage.

In summary, it can be stated that the PLACECOMP program provides a flexible and useful land use plan
design model. The input data to the model should be available in most areas with a good regional planning
data base. The reduction of the data to provide the model input information (With a good data reduction
program) and the subsequent operation of the model itself seem to present no formidable problems so that
the design model is capable of wide application in both regional and community planning.

In Phase II, a more comprehensive application of the model at a regional level will be attempted using
actual objectives and design standards as design model constraints. A comprehensive data reduction
system will be developed to expedite model data reduction.
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Appendix I
SAMPLE PLAN DESIGN MODULES

(MODULE DE FINITIONS)

A. MODULE TYPE: RESIDENTIAL (low-density)

DEFINITION: The module consists of a total area of 2,521.6 acres allocated to the primary and acces
sory land uses and facilities listed below.

1. Area: The allocation of land to the functional subcomponents of the module is:

Component

Gross area

Building area

Parking, service, access, internal vehicular, and
pedestrian circulation areas

Open space, side, rear, and front yards

Arterial street right-of-way.

Collector street right-of-way

Local street right-of-way

Neighborhood park and parkway

Elementary school.

Acres

1
2,521.6

114.1 2

11.4
3

41,922.5

31.7

19.4

371.3

38.4

12.8

2. Land Use Characteristics: The primary land use of the module is single-family dwelling units and
may include the following representative land use types: single-family homes on various lot sizes
combined in such proportions as to average 1.2 dwelling units per net residential acre on lots
averaging 185 by 200 feet, an elementary school, a neighborhood park, and facilities needed for
day-to-day family life.

PURPOSE: To provide, in a cellular unit, the area necessary to house the population served by one
elementary school and neighborhood park, served by an internal street system which discourages
penetration of the unit by through traffic, and served by all the community facilities necessary to
meet day-to-day living requirements of the family within the immediate vicinity of its dwelling unit.

DESIGN STANDARDS: The following design standards are intended to insure proper site develop
ment within the module, to provide requisite functional linkages with other modules, and to maintain
a proper balance between the demands of the module and the sUPI?orting natural resource base.

--:---
This module was adapted from a 2,560~acre residential planning unit used by SEWRPC and includes all elements

of the unit except the necessary neighborhood commercial area and the necessary other public and quasi-public use
areas. which together total 38.4 acres and which were included in separate module types. See Appendix A, SEWRPC
Planning Report No.7, Volume 2, Forecasts and Alternative P1ans--1990.

2 Assuming 2,485 single-family dwelling units with an average building site of2,OOOsquare feet per dwelling unit.

3 Assuming 200 square feet per dwelling unit.

4 Assuming an average lot si ze of 185 by 200 fee t.
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1. Intra-Module Standards

a. The module shall include 10,560 lineal feet of arterial street right-of-way or full width equiva-5

lent constructed to rural cross section standards.

b. The module shall include 10,560 lineal feet of collector street right-of-way or full ,width equiva-
6

lent constructed to rural cross section standards.

c. The module shall include 245, 000 lineal feet of local street right-of-way or full width equivalent 7

constructed to rural cross section standards.

d. An area of 114.1 acres shall be suitably graded for building sites.

e. An area of 11.4 acres shall be suitably graded for off-street parking area.

f. An area of 12.6 acres shall be suitably graded for playgrounds and playfields.

g. An area of 110.6 acres of building foundation suitable forthe appropriate structure types required
shall be provided.

h. There shall be 2,485 on-site sewage disposal units provided.

i. Public sanitary sewage collection facilities shall be prOVided for the elementary school in
accordance with established standards.

j. Public water supply facilities shall be prOVided for the module in accordance with established
standards.

k. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

1. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

m. Telephone transmission and service facilities shall be prOVided for the module in accordance
with established standards.

n. Surface storm drainage facilities shall be provided for suitable surface drainage of 2,522 acres
of land along 266, 720 lineal feet of street full width equivalent.

2. Inter-Module Standards

a. Allocation Standards

1. One module shall be allocated in the design for each 8, 200 persons residing in Residential
(low-density) modules.

b. Spatial Accessibility and Compatibility Standards

1. The module shall be located no more than 2 miles from an arterial street linkage.

5 For detailed standards. see SEWRPC Planning Guide No. I, Land Development Guide, November 1963.

6 Ibid.

7 Ibid.



2. The location of the module relative to others shall be constrained only by the optimization of
combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

1. The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

1. The module shall be connected by a rural arterial street linkage.

2. The module shall be connected by a public water supply transmission.

3. The module shall be connected by a public sewage collection line linkage.

4. The module shall be connected by a gas transmission line linkage.

5. The module shall be connected by a telephone transmission line linkage.

6. The module shall be connected by an electrical power transmission line linkage.

B. MODULE TYPE: RESIDENTIAL (medium-density)

DEFINITION: The module consists of a total area of 627.2 acres allocated to the primary and acces
sory land uses and facilities listed below.

1.~ The allocation of land to the functional subcomponents of the module is:

Component

Gross area.

Building area

Parking, service, access, internal vehicular, and
pedestrian circulation areas .

Open space, side, rear, and front yards .

Arterial street right-of-way.

Collector street right-of-way.

Local street right-of-way

Acres

627.2 8

61. 7 9

9.1
10

383.6
11

7.9

9.7

129.6

8 This module was adapted from a 640-acre residential planning unit used by theSEWRPC and includes all elements
of the unit except the necessary neighborhood commercial area and the necessary other public and quasi-public use
areas, which together total 12.8 acres and which were included in separate module types. See Table A-I and A-2,
SEWRPC Planning Report No.7, Volume 2, Forecasts and Alternative P1ans--1990. June 1966.

9 Assuming 355 multi-Family dwelling units with an average building size of 750 square Feet per dwelling unit
and 1,615 single-family units with an average building size of 1,500 square feet per dwelling unit.

10 Assuming 200 square feet per dwelling unit.

11 Assuming an average lot size of 85 by 125 feet.
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Neighborhood park and parkway

Elementary school

16.0

9.6

66

2. Land Use Characteristics: The primary land use of the module is single- and multi-family dwelling
units and may include the following representative land use types: single-family and multi-family
homes in such proportions as to average4.3 dwelling units per net residential acre onlots averaging
85 x 125 feet, an elementary school, a neighborhood park, and facilities needed for day-to-day
family life.

PURPOSE: To provide in a cellular unit the area necessary to house the population served by one
elementary school and neighborhood park, served by an internal street system which discourages
penetration of the unit by through traffic, and served by all the community facilities necessary to meet
day-to-day living requirements of the family within the immediate vicinity of its dwelling unit.12

DESIGN STANDARDS: The following design standards are intended to insure proper site development
within the module, to provide requisite functional linkages with other modules, and to maintain a proper.
balance between the demands of the module and the supporting natural resource base.

1. Intra-Module Standards

a. The module shall include 2,640 lineal feet of arterial street right-of-way or full width equivalent
constructed to urban cross section standards.

b. The module shall include 5,280 lineal feet of collector street right-of-way or full width equiva
lent constructed to urban cross section standards.

c. The module shall include 94,100 lineal feet of local street right-of-way or full width equivalent
constructed to urban cross section standards.

d. An area of 61. 7 acres shall be suitably graded for building sites.

e. An area of 9.1 acres shall be suitably graded for off-street parking area.

f. An area of 61.7 acres of building foundation suitable for the appropriate structure types required
shall be provided.

g. Public sanitary sewage collection facilities shall be provided for the module in accordance with
established standards.

h. Public water supply facilities shall be provided for the module in accordance with established
standards.

i. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

j. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

k. Telephone transmissions and service facilities shall be provided for the module in accordance
with established standards.

1. Storm drainage facilities shall be provided for suitable surface drainage of 627 acres of land
along 102,020 lineal feet of street full width equivalent.

12 SEWRPC Planning Report No.7, Volume 2, Forecasts and Alternative Plans--1990, June 1966.



2. Inter-Module Standards

a. Allocation Standards

1. One module shall be allocated in the design for each 6,500 persons residing in the Residential
(medium-density) modules.

b. Spatial Accessibility and Compatibility Standards

1. The module shall be located no more than one mile from an arterial street linkage.

2. The location of the module relative to others shall be constrained only by the optimization of
combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

1. The module shall not be located on a major natural watershed boundary.

2. The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

1. The module shall be connected by an urban arterial street linkage.

2. The module shall be connected by a public water supply transmission line linkage.

3. The module shall be connected by a public sewage collection line linkage.

4. The module shall be connected by storm sewer collection line linkage.

5. The module shall be connected by a gas transmission line linkage.

6. The module shall be connected by a telephone transmission line linkage.

7. The module shall be connected by an electric power transmission line linkage.

C. MODULE TYPE: NEIGHBORHOOD COMMERCIAL CENTER (low-density)

DEFINITION: The module consists of a total area of 6.4 acres allocated to the primary and accessory
land uses and facilities listed below.

1. Area: The allocation of land to the functional subcomponents of the module is:

Component

Gross area.

Building area

Acres
13

6.4 14

1.1

13 This module corresponds to the 12.8 acres allocated to neighborhood commercial uses in the 2.560-acre residen
tial planning unit used by SEWRPC: therefore. the allocation is two (6.4-acre) modules per Residential (low-density)
module in the problem. Since 6.4 acres is considered a viable unit for neighborhood commercial centers. tlie use'of
two 6.4-acre modules. rather than one 12.8-acre module. allows greater flexibility in model application.

14 See Appendix A. SEWRPC Planning Report No.7, Volume 2. Forecasts and Alternative Plans--1990.
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Parking, service, access, internal vehicular, and
pedestrian circulation areas .

Open space, side, rear, and front yards

Arterial street right-of-way .

Collector street right-of-way.

Local street right-of-way.

2.9
15

0.6

0.9

0".4

0.5

2. Land Use Characteristics: The primary land use of the module is neighborhood commercial and
may include the following representative land use types: bakeries, barbershops, bars, beauty shops,
business offices, clinics, clothing stores, cocktail lounges, confectioneries, delicatessens, drug
stores, fish markets, florists, fraternities, fruit stores, gift stores, grocery stores, hardware
stores, house occupations, hobby shops, lodges, meat markets, optical stores, packaged beverage
stores, professional offices, restaurants, self-service and pickup laundry and dry cleaning estab
lishments, soda fountains, sporting goods stores, supermarkets, tobacco stores, and vegetable
stores. 16

PURPOSE: To provide the area necessary to house convenience goods and service establishments
needed for day-to-day liVing requirements of the family within the immediate vicinity of its dwelling
unit.

DESIGN STANDARDS: The following design standards are intended to insure proper site develop
ment within the module, to provide requisite functional linkages with other modules, and to maintain
a proper balance between the demands of the module and the supporting natural resource base.

1. Intra-Module Standards

a. The module shall include 340 lineal feet of arterial street right-of-way or full width equivalent
constructed to urban cross section standards. 17

b. The module shall include 150 lineal feet of collector street rig~t-of-wayor full width equivalent
constructed to urban cross section standards.18

c. The module shall include 340 lineal feet of local street right-of-way or full width equivalent con
structed to urban cross section standards. 19

d. An area of 1.1 acres shall be suitably graded for building sites.

e. An area of 2.9 acres shall be suitably graded for off-street parking area.

f. An area of 1.1 acres of building foundation suitable for the appropriate structure types required
shall be provided.

g. Public sanitary sewage collection facilities shall be provided for the module in accordance with
established standards.

15 Assuming 300 square feet per 100 square feet of building area.

16 These uses are listed as principal uses in the 8-1 Neighborhood 8usiness District in the Model Zoning Ordi
nance contained in SEWRPC Planning Guide No.3, Zoning Guide, April 1964.

17 For detailed standards. see SEWRPC Planning Guide No. I, Land Development Guide, November 1963.

18 Ibid.

19 For detailed standards,.see SEWRPC Planning Guide No. I, Land Development Guide, November 1963.
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h. Public water supply facilities shall be provided for the module in accordance with established
standards.

i. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

j. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

k. Telephone transmission and service facilities shall be prOVided for the module in accordance
with established standards.

1. Surface storm drainage facilities shall be provided for suitable surface drainage of 6.4 acres of
land along 830 lineal feet of street full width equivalent.

2. Inter-Module Standards

a. Allocation Standards

1. Two modules shall be allocated in the design for each Residential (low-density) module in
the design.

b. Spatial Accessibility and Compatibility Standards

1. The module shall be located contiguously to a Residential (low-density) module.

2. The location of the module relative to others shall be constrained only by the optimization of
'combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

1. The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

1. The module shall be connected by an urban arterial street linkage.

2. The module shall be connected by a public water supply transmission line linkage.

3. The module shall be connected by a public sewage collection line linkage.

4. The module shall be connected by a gas transmission line linkage.

5. The module shall be connected by a telephone transmission line linkage.

6. The module shall be connected by an electrical power transmission line linkage.

D. MODULE TYPE: COMMUNITY COMMERCIAL CENTER

DEFINITION: The module consists of a total area of 28.2 acres allocated to the primary and accessory
land uses and facilities listed below.

1. Area: The allocation of land to the functional subcomponents of the module is:
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Component

Gross area.

Building area

Parking, service, access, internal vehicular, and
pedestrian circulation areas .

Open space, side, rear, and front yards

Arterial street right-of-way .

Collector street right-of-way.

Local street right-of-way .

Acres

28.2
20

4.6

21
18.3

0.9

3.0
22

0.0

1.4

2. Land Use Characteristics: The primary land use of the module is community commercial and may
include the following representative land use types: All us.es permitted in the neighborhood com
mercial centers and the following: appliance stores, caterers, clothing repair shops, crockery
stores, electrical supply, financial institutions, food lockers, furniture stores, furniture upholstery
shops, heating supply, hotels, laundry and dry-cleaning establishments employing not over seven
persons, liquor stores, music stores, newspaper offices and press rooms, night clubs, office
supplies, pawn shops, personal service establishments, pet shops, photographic supplies, plumbing
supplies, printing, private clubs, publishing, second-hand stores, signs, trade and contractor's
offices, upholsterer's shops, and variety stores. 23

PURPOSE: To provide the area necessary to house convenience and shopper goods and service estab
lishments which serve a larger tributary area than a Residential module but a smaller tributary area
than that required to support a regional commercial module.

DESIGN STANDARDS: The following design standards are intended to insure proper site develop
ment within the module, to provide requisite functional linkages with other modules, and to maintain
a proper balance between the demands of the module and the supporting natural resource base.

1. Intra-Module Standards

a. The module shall include 990 lineal feet of arterial street right-of-way or full width equivalent
constructed to urban cross section standards. 2 4

b. The module shall include 990 lineal feet of local street right-of-way or full width equivalent con
structed to urban cross section standards. 25

c. An area of 4.6 acres shall be suitably graded for building sites.

d. An area of 18.3 acres shall be suitably graded for off-street parking area.

20 The Communi ty Builder's Handbook, Communi ty Builder's Council of Urban Land Ins ti tute, (Washington, D. C. ,1960).

21 Assuming 400 square feet per 100 square feet of building area.

22 Assuming the module has access to two arterial streets.

23 These uses are listed as principal uses in the B-2 Community Business District in the Model Zoning Ordinance
contained in SEWRPC Planning Guide No.3, Zoning Guide, April 1964.

24 For detailed standards, see SEWRPC Planning Guide No. I, Land Development Guide, November 1963.

25 Ibid.
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e. An area of 4.6 acres of building foundation suitable for the appropriate structure types required
shall be provided.

f. Public sanitary sewage collection facilities shall be provided for the module in accordance with
established standards.

g. Public water supply facilities shall be provided for the module in accordance with established
standards.

h. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

i. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

j. Telephone transmission and service facilities shall be provided for the module in accordance
with established standards.

k. Storm drainage facilities shall be provided for suitable surface drainage of 28.2 acres of land
along 1,980 lineal feet of street full width equivalent.

2. Inter-Module Standards

a. Allocation Standards

L One module shall be allocated in the design for each 71,500 persons residing in the area for
which a plan design is being prepared.

b. Spatial Accessibility and Compatibility Standards

L The location of the module relative to others shall be constrained only by the optimization of
combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

L The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

L The module shall be connected by an urban arterial street linkage.

2. The module shall be connected by a public water supply transmission line linkage.

3. The module shall be connected by a public sewage collection line linkage.

4. The module shall be connected by a storm sewer collection line linkage.

5. The module shall be connected by a gas transmission line linkage.

6. The module shall be connected by a telephone transmission line linkage.

7. The module shall be connected by an electrical power transmission line linkage.
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E. MODULE TYPE: SENIOR HIGH SCHOOL (public)

DEFINITION: The module consists of a total area of 45.0 acres allocated to the primary and accessory
land uses and facilities listed below.

1. Area: The allocation of land to the functional subcomponents of the module is:

Component

Gross area.

Building area

Parking, service, access, internal vehicular, and
pedestrian circulation areas .

Open space, side, rear, and front yards

Arterial street right-of-way .

Collector street right-of-way.

Local street right-of-way

Playfields .

Acres

45.026

3.6

5.1

11.0

2.1

1.3

1.9

20.0

2. Land Use Characteristics: The primary land use of the module is senior high school and may
include the following representative land use types: the school classrooms and administrative
building, auxiliary structures, playfield and apparatus.

PURPOSE: To provide the area necessary to house the high school facilities and related community
activities, such as sports events and adult education.

DESIGN STANDARDS: The following design standards are intended to insure proper site develop
ment within the module, to provide requisite functional linkages with other modules, and to maintain
a proper balance between the demands of the module and the supporting natural resource base.

1. Intra- Module Standards

a. The module shall include 700 lineal feet of arterial street right-of-way or full width equivalent
constructed to urban cross section standards. 2 7

b. The module shall include 700 lineal feet of collector street right-of-way or full width equivalent
constructed to urban cross section standards.28

c. The module shall include 1,400 lineal feet of local street right-of-way or full width equivalent
constructed to urban cross section standards. 29

d. An area of 3.6 acres shall be suitably graded for building sites.

26 Assuming an optimal enrollment .of 1.500 pupils and an allocation of 30 acres plus one additional acre per each
100 pupils.

27 For detailed standards. see SEWRPC Planning Guide No.1. Land Development Guide. November 1963.

28 Ibid.

29 Ibid.
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e. An area of 5.1 acres shall be suitably graded for off-street parking area.

f. An area of 20.0 acres shall be suitably graded for a playfield.

g. An area of 3.6 acres of building foundation suitable for the appropriate structure types required
shall be provided.

h. Public sanitary sewage collection facilities shall be provided for the module in accordance with
established standards.

i. Public water supply facilities shall be provided for the module in accordance with established
standards.

j. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

k. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

1. Telephone transmission and service facilities shall be provided for the module in accordance
with established standards.

m. Storm drainage facilities shall be provided for suitable surface drainage of 45 acres of land
along 2, 800 lineal feet of street full width equivalent.

2. Inter-Module Standards

a. Allocation Standards

1. One module shall be allocated in the design for each 63, 000 persons residing in the area for
which a plan design is being prepared. 30

b. Spatial Accessibility and Compatibility Standards

1. The location of the module relative to others shall be constrained only by the optimization of
combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

1. The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

1. The module shall be connected by an urban arterial street linkage.

2. The module shall be connected by a public water supply transmission line linkage.

3. The module shall be connected by a public sewage collection line linkage.

4. The module shall be connected by a storm sewer collection line linkage.

30 Assuming 3.96 percent of the total population attends a senior high school and that 60 percent of attendants
(or 2.38 percent of total population) are pupils of ,a public facility.
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5. The module shall be connected by a gas transmission line linkage.

6. The module shall be connected by a telephone transmission line linkage.

7. The module shall be connected by an electrical power transmission line linkage.

F. MODULE TYPE: PLANNED INDUSTRIAL DISTRICT (light)

DEFINITION: The module consists of a total area of 640 acres allocated to the primary and accessory
land uses and facilities listed below.

1. Area: The allocation of land to the functional subcomponents of the module is:

Component

Gross area.

Building area

Parking, service, access, internal vehicular, and
pedestrian circulation areas .

Open space, side, rear, and front yards

Arterial street right-of-way .

Collector street right-of-way.

Rail spur right-of-way

Truck docks and apron

Internal circulation ways and cul-de-sacs

Acres

640.0.31

157.4 32

114.6

157.5

7.9

4.8
33

78.1 34

18.6
35

36
101.1 37

2. Land Use Characteristics: The primary land use of the module is light industrial and may include
the following representative land use types: automotive body repairs; automotive upholstery; clean
ing, pressing, and dyeing establishments; commercial bakeries; commercial greenhouses; dis
tributors; farm machinery; food locker plants; laboratories; machine shops; manufacture and
bottling of nonalcholic beverages; painting; printing; publishing; storage and sale of machinery
and equipment; trade and contractors' offices; warehousing; and wholesaling. Manufacture, fabrica
tion, packing, packaging, and assembly of products from furs, glass, leather, metals, paper,
plaster, plastics, textiles, and wood. Manufacture, fabrication, processing, packaging, and packing
of confections; cosmetics; electrical appliances; electronic devices; food except cabbage, fish and

31 See SEWRPC Planning Report No.7, Volume 2, Forecasts and Alternative Plans--1990,

32 See Local Planning Administration, The International City Managers Association, (Chicago 1959).

33 Ibid.

34 Assuming a railway spur right-oF-way of 52 Feet.

35 Ibid, Footnote 25.

36 Ibid, Footnote 25.

37 Assuming the internal circulation ways and cul-de-sacs have a right-oF-way width of 50 Feet.
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fish products, meat and meat products, and pea vining; instruments; jewelry; pharmaceuticals;
tobacco; and toiletries. 3 S

PURPOSE: To provide the area necessary to house industrial uses in an exclusive zoning district and
with the economies afforded by joint use of facilities and utilities.

DESIGN STANDARDS: The following design standards are intended to insure proper site develop
ment within the module, to provide requisite functional linkages with other modules, and to maintain
a proper balance between the demands of the module and the supporting natural resource base.

1. Intra-Module Standards

a. The module shall include 2,640 lineal feet of arterial street right-of-way or full widthequiva
lent constructed to urban cross section standards. 3 9

b. The module shall include 7,920 lineal feet of collector street right-of-way or full width equiva
lent constructed to urban cross section standards:1O

c. The module shall include 88,100 lineal feet of internal circulation street right-of-way or full
width equivalent constructed in accordance with established standards.4 1

d. An area of 157.4 acres shall be suitably graded for building sites.

e. An area of 114.6 acres shall be suitably graded for off-street parking area.

f. An area of 18.6 acres shall be sUitably graded for truck docks and apron.

g. An area of 157.4 acres of building foundation suitable for the appropriate structure types required
shall be provided.

h. Public sanitary sewage collection facilities shall be provided for the module in accordance with
established standards.

i. Public water supply facilities shall be provided for the module in accordance with established
standards.

j. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

k. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

1. Telephone transmission and service facilities shall be provided for the module in accordance
with established standards.

m. Storm drainage facilities shall be provided for suitable surface drainage of 640 acres of land
along 113.8 lineal feet of street full width equivalent.

38 These uses are listed as principal uses of the M-1 Industrial District in the Model Zoning Ordinance contained
in SEWRPC Planning Guide No.3, Zoning Guide, April 1964. Quarrying and other mineral extraction and related uses
are not included in either the Planned Industrial (light) or the Planned Industrial (heavy) modules. It is reasoned
that, because of the resource orientation of extractive industries, they-shall be conditional uses and subject to
the established review procedure at the time of initiation of zoning appeal.

39 For detailed standards, see SEWRPC Planning Guide No.1, Land Development Guide, November 1963.

40 Ibid.

41 Ibid.
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n. The module shall include 66,400 lineal feet of railway spur right-of-way or full width equivalent
constructed in accordance with established standards.

2. Inter-Module Standards

a. Allocation Standards

1. One module shall be allocated in the design for each 9,100 persons employed in the area for
which a plan design is being prepared.4 2

b. Spatial Accessibility and Compatibility Standards

1. The location of the module relative to others shall be constrained only by the optimization of
combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

1. The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

1. The module shall be connected by an urban arterial street linkage.

2. The module shall be connected by an urban collector street linkage.

3. The module shall be connected by a public water supply transmission line linkage.

4. The module shall be connected by a public sewage collection line linkage.

5. The module shall be connected by a storm sewer collection line linkage.

6. The module shall be connected by a gas transmission line linkage.

7. The module shall be connected by a telephone transmission line linkage.

8. The module shall be connected by a railroad main line linkage.

9. The module shall be connected by an electrical power transmission line linkage.

G. MODULE TYPE: MUNICIPAL HALL (community)

DEFINITION: The module consists of a total area of 2 acres allocated to the primary and accessory
land uses and facilities listed below.

1. Area: The allocation of land to the functional subcomponents of the module is:

Component

Gross area.

Building area---
42 Assuming an allocation of 7 acres per 100 employees.

43 Assuming a minimum of 2 acres is required for a viable unit.

44 Assuming a need for 200 square feet of building area per employee.
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Parking, service, access, internal vehicular, and
pedestrian circulation areas .

Open space, side, rear, and front yards

Arterial street right-of-way .

Collector street right-of-way.

Local street right-of-way.

0.5

0.4

0.3

0.2

0.1

2. Land Use Characteristics: The primary land use of the module is generally municipal hall and may
include the following representative land use types: city or village administrative offices and
auxiliary structures.

PURPOSE: To provide the area necessary to house municipal services and administrative offices, and
to centralize municipal offices where practical.

DESIGN STANDARDS: The following design standards are intended to insure proper site develop
ment within the module, to provide requisite functional linkages with other modules, and to maintain
a proper balance. between the demands of the module and the supporting natural resource base.

L Intra-Module Standards

a. The module shall include 100 lineal feet of arterial street right-of-way or full width equivalent
constructed to urban cross section standards. 4 5

b. The module shall include 140 lineal feet of collector street right-of-way or full width equivalent
constructed to urban cross section standards. 4 6

c. The module shall include 100 lineal feet of local street right~of-way or full width equivalent
constructed to urban cross section standards.4 7

d. An area of 0.5 acres shall be suitably graded for building sites.

e. An area of 0.5 acres shall be suitably graded for off-street parking area.

f. An area of 0.5 acres of building foundation suitable for the appropriate structure types required
shall be provided.

g. Public sanitary sewage collection facilities shall be prOVided for the module in accordance with
established standards.

h. Public water supply facilities shall be provided for the module in accordance with established
standards.

i. Gas transmission and service facilities shall be provided for the module in accordance with
established standards.

j. Electrical power transmission and service facilities shall be provided for the module in accord
ance with established standards.

45 For detailed standards, see SEWRAC Planning Guide No.1, Land Development Guide, November 1963.

46 Ibid.

47 Ibid.
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k. Telephone transmission and service facilities shall be provided for the module in accordance
with established standards.

1. Storm drainage facilities shall be provided for suitable surface drainage of 2 acres of land along
340 lineal feet of street full width equivalent.

2. Inter-Module Standards

a. Allocation Standards

1. One module shall be allocated in the design for each 14,000 persons residing in each munici
pality 48 of the area for which a plan design is being prepared.

b. Spatial Accessibility and Compatibility Standards

1. The location of the module relative to others shall be constrained only by the optimization of
combined linkage costs, site development costs, accessibility costs, and compatibility costs.

c. Resource Conservation Standards

1. The location of the module shall be constrained only by the optimization of combined site
development costs, linkage costs, accessibility costs, and compatibility costs.

d. Linkage Requirements Standards

1. The module shall be connected by an urban arterial street linkage.

2. The module shall be connected by a public water supply transmission line linkage.

3. The module shall be connected by a public sewage collection line linkage.

4. The module shall be connected by a storm sewer collection line linkage.

5. The module shall be connected by a gas transmission line linkage.

6. The module shall be connected by a telephone transmission line linkage.

7. The module shall be connected by an electrical power transmission line linkage.

48 Assuming a need to house 7 municipal employees per 1,000 population.
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Appendix II
LINKAGES

The following linkages were used in developing construction and operating costs for application in the Land
Use Plan Design Model:

1. Streets (construction and operating costs)

a. Minor

1) urban

2) rural

b. Collector

1) urban

2) rural

c. Arterial

1) urban

2) rural

d. Freeway (and other limited access arterials)

1) urban

2) rural

2. Water Transmission and Distribution Lines (construction costs only)

3. Sanitary Sewer Lines (construction costs only)

4. Storm Sewer Lines (construction costs only)

5. Gas Transmission and Distribution Lines (construction costs only)

6. Electric Power Transmission and Distribution Lines (construction costs only)

7. Telephone Lines (construction costs only)
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Appendix ill

COMPUTER PROGRAMS

*LI[L ETCUCP I I'll

INITIALIIE THE DIVISIUN NO.
NoDIV::.1

INIl IALIII:: NI':XT AVAILABLE OUT OF CORE RECORD
NXTIDK:50

SEC rOR IOKA;{c
A "eCIDe< COinAI~I\jG THt Afl..EA f{fQUIKEO FOi{ EAl.H MODULE TYPE

21
20

24

G
l3

22

25
26
27
28

DIMeNSION SUllCU 36~)

DIMENSIOii lOCoIV(300J
:OMMoN,.XtIuK. ILKML. IDKARE, IUKMTN, IoKSOL. IOKCST, NOIVC.

j, LOCUl'J. NlJOFMI
COMMON liJKlNK. IUJ<.FCT, NooFLT. OIST

*lDISK
*LlSTPRINIER
*AllSTA~Ei''lAP

*FANDKOb04
SUBRDUT I Nt:: 1,'lJ2
11\12 IS AN INPUT t{oUTlNE FOR PLACE COMP. IT IS CALLED BY
CUCPIN TO R,E::AD. PKINT AND STof<E THE CELL-SOIL-TYPE II\jVENTORY

INI IS AN INPUT RUlHIN[ fOR. PLACE COMP.
IT IS CALLED IjY CULPIN TO RlAD PRINI AI~U STORE

MUiJUlE IYPE L.o;~NELrIVITY MArRIX
MODULI:: TYPe NUMBER "H. TUR
MUOULt TYh 51 TE ARI:A VECTOK

RtAU NO OF MOUULE ,YPI::S
3 CONT T,'IIUE

RI:AD 100. ICC, NoOfMl, NUUf'Lf
CHECK fOR CARU CUuE SIX
If (ICC-61 l.l,I

I PRINT 101
PAU::.E
GU 10 3
R.EALi, STURE AI~D ilK-li'H ThE MUDDLE 'lYPE CUNNECTIVITY, AREA AND
NUMjjER CARDS.

Z PRINT 102
PRiNT 103. (1.1:1,901
Ir-JIIIALIlE MUDULE TYPI:: ARt.A AND NO. VECTORS
DU 4 1:1.90
AKEAli ):0

4 MTNU(I)=O
f<tMtMB[R ~TURAG[ A;.<[A
IDKML::.N,XTIDK
,{E::AD STURE AND PRI,'lf
DU 1 1:1, l"oUUFMT
REAl) 104, lCC1. MIr,UI, AReAC, MUIII, li:I,JOI,

$. ICC.Z. M~,~U;;'>, t'NUML.. MLllll. IJ:31.60J,
S ICC3, MTNU3, fNUMC, MU I II. 11:61.901

FNUMC::. f r,UMC* I O. 0
CHECK fOR CARD ORDER
IF- I ICCl-31+ICC2-3.:+ICCJ-33"'3*I-MTNUI-MTNU2-MTNU3) ~.6.5

CARDS uUT OF- OROEK
5 PKINT 10':>

PRINT 106, ICCI, MINUI. Aj{EAC. {MUIII,II:I,30 I,
~ ICe2. MTNU':, F-I\IUMC. {Ml(IIJ,II=3I.t.>OI.
6 ICC3. MINU3, FNUMC. {MUIIJ,II:6I,901

CALL EXIl
STURE

6 MLl911:fNUMC
MTNUIII:FNUMC
AREA (I I :AREAC
liJK:NXT IUK+4* (1-11
Rt:CURD (10K I Ml
PRINT
PRINT 107, I. FNUMC.- AR£AC. IMUII),II:I,901

7 eoNTJ!'Wt:
RECORD AREA VI::CTOf<
lDK:NX T IOK+,:>+NOOFM I *4
IOKARE:IDK
RECURoIIOK) AREA
IDKMTN::.IDK
RECORD t lOKI MTNO
NXTIDK:IoK +5
RfTURI\I

100 FORMAT I 12, _3X,.id5)
101 FORMAT ( IHI, 10(IH*I, 28H READ 1,"0 NO. OF MODULE TYPESI
102 FORMAT I 66Hl CLUSHi'( CUMP INPUI---MUoULE TYPE ARtA. NUMBER AND

$ CONNEe TI VI TV /I
103 FORMAT I 50H TYPE 1\10. Af<EA CONNI::CTIVITY TO MUDULE TYPESI

~ 3(IH ,20X. 3013/1)
104 FORMAT I I3,2X,I5,1-l0.l. 30lZ)
105 FURMATI':>lHI CARD ORDER EKKoR---MOQULE TYPE MATRIX--START OVERJ
lOb FORMATl IH , 13,17, Fi8.8, 30i21
107 FORMAf(IHO, 14,15, f11.3, 3013. 2( IlH ,2UX,30J311

END

DIMt:NSIUN AKLAI9UI. MTNU(SlUl, ML(91)
DIMeNSION LOCOIV(jOOI
ClJMMON NXlIDK, ILJKML. IUKAR£, IUKMTN, IDKSOL, IDKLST. NuIVC.

" LOLlJIV. rJUUfMT
CUMMUN IOKLNK. !U .... FL.r. NiJOfLT. DiST

*lOI SI<
*lISTPRINIE,{
*AllSTAIEMENTMAP
*t-ANUKOtJO"

SUB,WUT INt. II'll

*OELETINI

*UELETIN2

f{EeURO(lUK} NODIV. IOKt-'.L. IUKARE, IUKMTN, IUKSOl, IOKeSl, NIHVC.
$ NUOFMT, ILOCDIVIIJ,I::.i.,'~OIVC). NXTIUK
j, • IDKLNK. IlJJ<.FCT. ;\IOUFlT
PKIi"Tllb, :-.iDOl". IDKMl. liJKARt, luKMTN, IDKSOl, IDKCST, NOlve,

" NUOFMT. (ll)('UIVIII.I:l,i~UiVCJ, NXTIDK
$ • IUKLNK, IUKFCT, NOOHT

lib FOKMAT{IH , 20l':»
CALL L{,'~K (UVDIN )
I::ND

A
16
17

19

18

15

11
12
13
14

9
10

25
26

32
33
34

PLACEeDM? II
C001STANTS

StC 10K ONE
NOL}{V --- PARrIllU;" NUMoER IN PRUCESS
IUKMl --- SlCTUR. LUCAI ION OF THt MULJUlE LINKAG~ MA TRtx
IlJKAi{[ SI::CIUR LuCATIUN OF IHI:: MUGULE AREA VECTUR
IOj<..Mr;~ -- StCTUK LUCATION OF THE MUDULE TYPE I'WMO!::R VECTOk
IDKS(JL -- SlUuR LOCATIuN OF THE Ct'.lL - SUIL TYPE: !i.VI:NTllRY
iDKCST -- Si:CfUK LUCAfluN OF TH[ ~'\L:!JUlE - SUIL SIT[ COST MATRIX
NUIIJ(; --- THI:: ,\jUMlH'.R OF PARTIrILlNS IN THE PKoeLEM
'.lOOfMI -- NU Uf MODULE lYPES IN THI:. PKOMlEM
LOLD1Vll rJ NUlVC) SI:CTO,{ LOCATIUN FUR INFURMAflur. THAT

PUHAINS TU Till: li'lUIVIOUAl PARTITILlNS UNE TO NUIVC

SLCTORS I'mIC.H FULLOW SECTOR LUCOIV c.ur~rAIN

ITESTC-- NU OF Cl::llS IN fIRST HALt- OF THI:: DIVISION
I::t:Ll LIST OF- Cl::llS IN FikST HALF OF DIVISlOi,.
NTSTC NO iJf CELLS I:'l lNU HALF Of THE UIVISluN
ICI::U -- LIST OF Ct.llS IN L,\jD HALF

FULlUWElJ BY T~U 90 POSITION ZERU VECTUKS WHICH WILL
CONTAIN THE NO. OF EACH MODULE TYpe AS:;)IGNED TU
EACH HALF AFTl'R THE DIVISIUN IS MADE

5tCTCH. [[)~MT;,

A .... cUU/{ L.O;HAU·lii~G THE NLJ. Gf MODULES OF EACH TYPE IN THI::
I'KUtjL01. 5AM( fl.S !1L CULUMN 91

SI::C TUK lU~lJ 1"
AT EACH lOOIV :;)tCTOi{ THtR.E IS A RECORD CONTAINING

NOOIV -- IHE PAR.TITION NiJr-lBER
PRICt -- THE: PKIC£ UF A :;)ING"L CUNNtCTIU>~ BHWtl::N THL

ul VI SID" HALFS.
IOvP,~T - THE: F'ARENf DIvISiON NO.
IPNhlf- - THE: l-'ARENI DivISiON rlAlF
i\lOLElS - NO Ut- CtlS IN THE UIVISION

lJIST --- IHE lJISTANCE BEr~HN PARTITION CENHKS

SE:U J'<. IOK,ML
A 9i IH '-1O MOOL;Lf LINKAGE MATl{Ix. IHE 91ST COLUMi~ OF EACH ROW
CONTAINS THl:: i,u liF MO(JULES UF THI:: rYPI:: IN TH!:: PRUlJUM. EACH
K.Drl ;{tP,U:Sti~T5 ,\ TYPE AS ODES EACH CULUt1'~ l:XCEPT THt 91ST.
tACH KQI'I I'AI\f:S 4 SECTUR,:>

RtAiJ. PRI."H AND STuRE INPUT MATERIAL
INI IS AN INPUT RuuHNE FOR PLACE COMP.
IT IS CALLED BY CUCPIN TO READ PRINT AND STORE:

MOlJULE TYPt: COJ~NECTIVITY MATRIX
MODULE TYH NUMBER VEe TOR
MODULE TYPE SiTE AR(A VECTOR

CALL INI
f;\j2 IS AN INPUT KOUTliil.E FUR PLACE COMP. IT IS CALLED BY
CUC.PHI TO READ. PR.INT AND STORE THE CElL-SOIL-TYPE INVENTORY
CALL IN2
IN3 IS AN INPUT ROuTI.-..E FOR PLACE COMP. IT [$ CALLED BY
CUCPIN TO READ, PRINT AND STOKE THE SITE COST OF EACH
MODULE TYPE AND SOlL lYPE COMBINATION
CALL I N3
I N4 I S AN INPUT ROUTI NE FOR PLAt: E CoMP.

THE NUMbER OF UIVISlOf,S IN THE PRObLEM
Tlit; CONNECTIVIrY PRICE FOR EACH DIVISION
THI:: PARENT UlvISIUN OF EACH DIVISIUN
THE PARENT UIVISIOill HALf OF EACH DIVISION
THE CELL LIST FOR EACH UIVISlON

CAll J N4
Itd~ IS AN INPUT ROUTINE FOR PLAl;ECOMP II

IT READS HiE LINJ<.AGE TYPE MATRIX AND THE
FIRST COST VECTOR AND SUTRES THESE: VALUES ON DISK,

CALL IN35
N.XTIOI(:NXTIDK"'lO

StC [l;{ IUKSGL
A 36') CGLuM., bY 30 KOw J~,ATR1X CUjHAINI:~G nit SOIL uF EACH TYPE
A.... AIUiBlc r.. EACH Cl::lL. i.ACH R(]W o<EPi<.ES[I\jTS A SUIL TYPt:,
LA'::'H COLUM"l A Ll::lL. EACH ROW TAKE::. 31 SEUOKS

SEC 10K lUKLST
A 30 CULU,'IN BY 90 iWW MATr<IX CONTAINING THE SITE COSTS Fo,{
EACH :>Oll TYPE (COLUMN) AND MODULE TYPE IRow) COMBINATIUN.
EACri Korl TAKE:S FOUR. SECIOKS

Sl::C1UR lUKlNK
A 30 COLUMN BY 90 Kow MATi{[X CONTAINI1'lG lEKOS AND CJNLS
TO INUICATE WHICH LINKAGE TYF't:S ARt: RI:QUIREo BY WHICH
MODULI:: TYPES. THE 30 COlUMi~S ARE THI:: LINKAGI:: TYPI:S
A.'~U THE 90 ROWS ARt:. THE MODULE TYPES. EAC.H ROW TAns 2 SEC TURS

StCTu~ IDKFcr
A VECTOH. CONTAI,'lING THE FIRST COST OR ~EW COST PER. UNI T
LENGTH OF E.loCH LINKAGE: TYPE

*LDISKCUCPI~

>IIlISTPf.tINfER
*AlLSTAl EME'HfoIAP
*fAf\lO",OeU4
C ClJCt>IN IS THE Ml\iN LINE tJ;{O~RAM FuR
C DISK LAYUUT INFuRM:\T}Ui\j AND RESTART
C
C
C
C
C
C
C
C
C
C
C

01MLi'lSION lUCDIV(JOOI
CUMMUN NXTIDK, IlJKML, IUK-ARE, IDKMTN, IDKSOL, IOKCST. NOlvC.

~ LoCDIV, NUUFMT
COMMO,\j ILlKLNK, WKFCT. NOOFLT, OiST
DEFINE DISK (10,19000)

STOKE LOCATION, MAP
IDK=l

ZERO THE CELL SOIL TYPE MATRIX
10KSoL::.."XIIOK
I ::,oILL=l
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IUKtlCI<=NJl..TIUK
nu 1 1=1,369

1 $UILCltll=O
00 L 1=ldO
10K=\lXT IOK+3 (>to { I-II
RtCiJRD 110K) SOllL.1..-

.2 (.LJNT I !\jut:
HAll P,Ur'!T Af',jO ~ TOliE
PKl;'lT 100

6 ;H'Al) 102, ICC, ICELL, ISUll, AREA
CHEL.K FOR END CUUE
1f'(IC:;-99IS,1,S

7.\lXTIDr<=NXTIUK+')+30*37
R!'. TU..tN
CflECt<. THI:: CARU COUE
IF-(lC:::'-U 3,4,3
PKI,\lT 103, ICC, ICELl, ISUIL, AKE-A
CAll [XI T
IS THI::'. RIGHI SOil KU~ IN CUKE

4 IfIlSOIl-ISUll1l9,d,9
GET THE KIGHT SUll ROW II'UT THi:: OLU ROW BACK FIRST)

q RECUROIIDKBCKISUIlLl
I UK=NX T1{)K.+31*l 1SUIL-ll
IOKi1CK=IOK
FETCH IIDKI SOILCl
ISOllL=ISUll

8 PKI;'lT 104, ISUll, lCELl, ARlA
S IU"c
SDILCL{ ICHlI=AKE:.A
GO TO b

100 FORMU{JIHI CLUSTtk CUMP INPUT---SOll INVENTORYI!
~ HH SOIL T'I'PE (.E:LL AKEAJ

102 FORMAT I 12, Hs, IS, fl0.0)

103 fORMATl30Hl CARD UROER tRROR----SUIL INVENTOR'I'/ IH ,I2,18,1s,
$ Fl8 .. o)

104 FORMATtlH 1I0, IS, t'lb.dl
END

*OElETIN3

HOISK
*LISTpRINTER
*AlL ST ATEMENT MAP
*F ANOK0804

SUBROUTINE IN3

IN3 IS AN INPUT ROUTINE FOR PLACE COMP. IT IS CALLED BY
CUCPIi'll TO RI::AL), PKINr AND STORE THE SITE COST OF EACH
MODULE TYPE AND SOIL T'l'PE CLlMBINATlON
DIMeNSION ~1TECH30J

DIMENSION lOCDJVf >001
COMMON NXTIDK, lOKMl, IQKARE. IOKMTN, IQKSoL, IQKC.ST, NOlve,

$, lOCDIV, NUUFMT
COMMON IDKLNK, !OKfeT. NQOt'LT, OIST

ZERU THE_ MATIUX
DO 1 1"'1,30

1 S I TEC T ( II =999999 990000000000000000000000000000000000000000000000. 0
OU 2 1=1,90
I DK=NXTIDi<.+4*11-11

2 KECQRD (10K) SIH:cr

KtAU
PRINT 100

7 KEAO 101, ICC, MTNUM, ISOIL, COST
PRIrH 103, 15lJIL, MTNUM, COST

CHECK fOR ENU COUE
IFIICC-":l9) 4,],4

3 lliKCST=NXf((;K
NXT I OK= NX T lOK+90*4
RETURN

CHECK FOR CARD CODE
4 IFIICC-21 5 9 0,5

i'jRONG CARD COuE
5 PRINT 102, ICC, MTNUM, ISUll, COST

CAll EXIT

PKINT
o IUK=NXTIDK+4*tMTNUM-II

10KBCK=IDK
FI::TCH(IUKISITECT
PRINT 103, ISOIL 9 MTNUM 9 COST

STORE
S 1nCT II SOIU=CUST
RECURD IIOKBCKI SITECT
GO TO 1

100 FORMAT( b7HI CLUSTtR CUMP If\iPUT --- MOUUlE TYPE - SOIL TYPE - SITE
$ COST MATRIX/! 42H SOIL TYPE MODULE TYPE SITE COST)

101 FURMATI12.Id9IS,ElO.bl
102 FORMAT( 38HICARD ORDER ERROR --- SITE COST MATRiX/

) IH, 12,18.IS,FUI.81
103 FURMATI IH , 110, IU, Elb .. 8)

END

*OELETIN4

*lDISK
*1I S TPiU rHER
*AlLS TA TEME·'H MAP
*fANDKOI:I04

SUBR-OUT INE IN4

1"14 I S AN I NPUT ROUTt NE FUR PLACE COMP.
TrU::: NUMBER OF DIVISIONS IN THE PROBLEM
fHE CUNNECTlVI"TY PRICE FOil EACH DIVISION
THE PARENT DIVISiON OF EACH DIVISlUN
THE PARENT DIVISION HALF OF EACH DIV1SION
THE CEll LIST FUR I:::ACH DiViSION

DIMENSION LOCDIVIJOOI
DIMENSION IARAY(90I, ICELlI200), ICE:L2t2001
COMMON NXi(OK. IOKHL, IOKARI:::, loKMTN, IDKSOL, 10KCST. NOlVe,

S lOCOI V, NOOFMT
COMMON IOKLNK, 10KFCT, NDOFLT, GIST

ZERU THE DIVISION HALF MOOULE TYPE: NUMdER BLANK OUT ARAY
00 I 1"'1,90

1 IARAVI I )=0

INITIAliZE DiviSION COUNTER
NDlvC=O

29

30

31
32
33
34

35

36
31
38
39
40
41
42

43

44

IQONE=O
PRlrH HEADING
PRINT IOU

READ A OIVISION PRiCE CARU
2 READ 101, ICC, NODIV, PRICE. IDI/PNT. IPNTHF, NOCELS, DIST

CHECK fOR I:Nl} CUOE
IFIICC-9914-,3,4

3 I{ETUI{~

CHECK fOR CARD COOt:
WRONG CARD C.OOE

4 IFtlCC-SI 5'0"
5 PRINT 102, ICC, NOLHI/, PRICl:::. IUVPNT, iPNTHF, NQCHS

CALL ExiT

PRIN.T
o PRINT 103, NOLHV, PRIl.. l:.t IOI/PNT, IPNTHF- , OIST

STOKE
LOCOIV (NODI V I =NXT raK
RECuRD tNXTIUK.1 NOUIV, PRICL, IUVPNT, IPNTHF. NOCElS, IDONE,OISI
NOIVC=,liDIVC+1

REALJ THE CELL liST
I fESTC=O
NTSTC =0
DUll 1=19 NUCHS
READ lOb, ICC, IHALF, ICL:LL, NOOIVC

CHECK CARD COOE AND DIVISION NO.
IF(ICC-4+NOU[VC-[\iOUIVI 7,ll,1

7 PRINT 104, ICC, IHAlF. ICEll, NOOIVC

PRINT
12 PRINT 105, ICELL, IHALf

STOKE IN ARRAY L1srs
IfliHALF-l) 9,8,9

8 ITESTC=ITESTC+l
ICEL it I nSTC I = ICElL
GO TU 11

9 IH1HAlF-21 7,lu,7
10 ~TSTC=NTSTC+l

ICEL2(NTsrC I=ICHL
11 CONTINIJt:

STORE THE CELL LISTS AND BLANK OUT AN AREA fOR MODULE NOS ..
ReCURD INXTIDKI IARAY
RE:CURD ~NXTlUK) IARA'I'
i{ECORD INXTIDKI HESTC,( ICELlllll,II=I,ITESTCI

$ :~rSTC, tlCEll(III,lI=l.NTSTCI
Gu TO l

100 FORMAT{ 43Hl CLUSHR COMP INPuT -- DiVISION CELL LISTS'
101 FORMAT( 12, 18, Fl5 .. 0, Ilo, 215, Flo.O)
102 FURMAT{ 32Hl CARD UKOEK ERRUR -- CELL llSTS/ IH ,I2,IB,FlB .. 8,Il0 9

~ 21':..1
103 FORMATl 13HODIVISIUN fliO.,I'j/ 19H CONNECTIVITY PRICE, Fl8.8/

S 10H PARt:NT IHVI~lllN, 15121H PARENT DIVISION HALF, lSI/
.$ 10H DiSTANCE. fLO.8/1
$ 24H CeLL NO. DlvISION HALFI

104 FORMAT! 25HIURDER eRROR -- l.ClL LIST! IH , 12,I1 9 17,181
105 FORMAT!1H 19,1151
106 FORMATlI2,I1,2X,2lj)

END

*"DELETIN35

*lOlSKlN35
*ALLS TATEMENT MAP
*L1 S TPRI NTER
*FANOKoa04
C IN35 Is AN INPUT RuUTINE FOR- pLACECOMP II
C IT READS THE LINKAGE TYPE MATRIX AND THE
C FIRST COST VECTOR AND SOIRES THESE VALUES ON DISK

SUBRDUT INE IN35
DIMENSION LINK 130},FSTCST (301, lOCDI'V1300)
COMMON NXTIDK, IDKML9 lOKARE, IUKMTN, IDKSDl, IOKCST, NDIVC 9

~ lOCOI V, NOUFMT
COMMUN IOKLNK, liJKFCT, NOOFLT, DIST

4 CONTI~\WE

NxrIDK=NXTIOK+l
I OKLNK=NXT I UK
DO 1 1=1,90
READ IUD, ICC, MTN, LINK
PRINT 101, ICC, MT,"l, LINK

c
C TEST CARD CODE

IFf ICC-l:U 2,3,2
2IF(lCC-99J5,7,5

TYPE ERRUR
5 TYPE 102

PAUSE
GO 10 it

3 IDK=NXTIOK+IMTN-lI*l
RECORDI lOKI LINK
CONTINuE;
CUNTINUE
NXf[DK=NXTlDK+ b2
IDKFCT=NxTIOK

READ AND STORE fiRST CUST CARDS
DO 17 1:0::1,30
fSTCSTl I 1=0

17 CUNTINUE
DO 18 12=1,30
READ A CARD
READ 200, ICC, LiN. FC
PRINT20l, ICC 9 L TN, Fe

TEST CAKO CODE
IFIICC-9) 8, 10, 8
IF (ICC-991 9,99,9
T'tPE 102
PAUSE
GO IO 7

99 !'iXTlDK=NXTlDK+S
IDK=lOKFCT
RECORD I 10K I FSTCST
PRINT 114, NXTlDK, IDKFCT
PRINT 115, FSTCST
RETuRN

10 FSTCSTtUNI=fC
16 CONTINUE

100 FORMAT ( 12, 3X, 15. IDX9 3012)
101 FORHAT[ IH , 12, 3X, 15, lOX, 30121
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102 FUt<MATI
200 FuR MAT I
LOI FLH.MAT {lH
114 FU~MAT 11H
115 FORMAT (lH

rNO

*DElETOVOIN

IbH CAKO CUOI:: Et{,{Oj{ I
12, .:n, I~, FIO.O

• 12. 3X. I~, f1u.0
, 20 I'll
,5f2lJ.81

NoUFMI -- NO UF MOuULE TYPES IN TH[ PROBL[M
LOL:DIV{I TO r--.UIVC) -- StCTOK LOCATION FOR INFUR.MAliUN THAT

Pt.KTI\!N::' TU THE INDIVIDUAL t>ARTITIONS UNE TO NDIVe

SEC1U~ IUKML
A 91 IjY 90 MODUU, LINKAGE MATRiX. THE 9lST COLUMN OF EACH Rm.
CJ:>iTAINS THt Nu UF MODULES UF THE TYPE IN THE PR08L[M. EACH
RU~ t(E:PKbEI.TS A TVP!:: A~ UDeS EACH CULUMN EXCEPT THE 9IST.
EACH ROW TAKES 4 SfLlORS

*LPI SKDVDI;>t
+-ALLSTATEME'HMP
*LI S TPR lNTER
V-f flNDKOb04

S[C TOR [OKA",t
A Vt:CTO;{ CDrHAINING THE AKEA KEQUIK.I::O FOR EACH MUUULt. TYPE

StClUR IUKMP,
A VI::(.fU.-{ L(Ji.TA.INL">jG THE NO. Of- MODULES OF EACH TYPE IN THE
Pil.Gi1LEM. SAMe AS ML LtJLuMN 91

DISK LAVOUT INFORMATION AND RESTART CONSTANTS

SECTOR 01'11::
N.O\)IV --- p(l.RnTION NUM6£R IN PRDCI:SS
IDKML --- SECTUR LOCATION OF THE MUDULE LINKAGE MATRIX
IOURE -- SHTUR LOCAIIUN Of THE MODULE AREA VECTOR
IDKMIN -- SECTUR LOCATION OF THE MODULE TYPE NUMBER VECTOR
IDK"SUL -- SECTUR LUCATION Of THl:: Cl:ll - SorL f'(PE INVENTORY
Jl)KCST -- SECTOR LOCATION OF THE MODULE - SOIL SITE COST MATRIX
NDIVC --- THE NUMBER OF PARIITlONS IN THE PROBLEM

OVOIN, OvuSTT AI\lU UIVIUE ARE THE MAINLINE ROUTINES FOR PLACt-CDMP II
DVD1N l.1EG.INS i:ACH PARTlTION BY FUKMING A SOIL TYPC: INV£NJO~Y f-OR 5
EACH Of lHE: PARllTJD'\j HALVE::'. UVuSTT l.ONTINUES THE PH,OC£SS BY 5
~l::'.AlJl'lG THE: MUDULES TU l:lE: DIVIDt;U FKOM UI51< STOIUGE. '>2
A PKl::lIMINAi<Y PAKTITllJN OF lHf: MJUULES IS MADE AND THE SOIL TYPE ')
INVENTUKIE:.S ARE: RI::UUCEU AC(.lJKDIN:;LY. AT HII:: SAME TIME 2 VECTORS ~4

ARE CRI::ATI::U f-UR I::Ai.H MUUULE TYPE, oNI:: FUR EACH PARTITIUN HALF. 'j

SHowl\l(' HUW MUDULI:::. WI::RE: UI::.TRldUIED AI'''oONG THE SOIL TYPES. THE 56
10TAL POSSIi:lLE LINKAGE COST IS CUMPUTl::U. THE;~ THE NOMBEK OF 57
CUNNECTluN~ EACH MUUULI: TYPE. HA~ wITH !:ACH HALF UF TH!: 58
PRELIMINARY PARTJTLUN I:;' COMPunD. HU: OIVlUi: Rounl'!!: IS THEN 5
CAll.ED 10 SEUCT THE LI::A~T COST PARTITION. THiS IS DONE BY TKYINc:' 6
ALL THE J-'USS,Il:llf.: PAKTJTION$ THAT CAN Be ACCOMPLISHEU BY MUVING 6
ONE MDUULE fKOM THE HALF IT IS IN TO TH[ OTH[K HALF. IF AN'( UF 62
THE~E PAKTITIUNS CUSTS LESS THEl'j THE Pi<ELlMINARY PARTITION, THEN HIt.
LI::AST EXPENSIVE UF THESIO PMTITIOl\jS IS (..HOSfN AS THE NE"""
PKELIMINA~Y PARTITIlJN. THE MiJDUlI: IS MOVED TU THE OTHF.R HALF.
ONCE A.GAIN ALL THE POS~IBLE PARTITIONS (ONE MODULE FROM uNE HALF
TU THE OTHER) ARE TRIt.i.J .. THE PKO(.[OURL CUNTI,~UE~ ur~1 IL SOM!::
PARTITlur~ IS f-OUND WHlCH CA'>iNOT 01:: IMPKoVED BY MO\lING UNI:: MUDULE. 6
HIE CuSTS USEU TO JUDGE THE PARTITIUNS ARE THE SITE CUSTS PLUS THE 0
CUST Of CUNNECTlON:) BETwEEN THE DIVISluN HUVES. WHEN THE LEAST 70
CUST PARTITION HAS BEeN FUU'iU FUR THiS SE:-I OF CeLLS ANU MODuLf:.S 1
IT IS RECORtJEO UN lJISK ANU DVDIN IS CAllED TO I3EGIN 'wURK ON THE 72
NEXT SET. 73

74

A
to
l7

18

10

9
10

11
12

"t4

Ill, CINTSTlll , SUILClilll1

FuLLUW SlCTUR LOCUI'II CU\iIAIN
NO Of CEllS IN f!t{sr HAlI- UF THE DIViSiON
UST OF CELLS IN F-I;{ST HALF OF DIVISIUN
NO OF CEllS Ii. 2ND HALF UF THE DIVISIO)~

LIST Uf- Ct:LLS IN ~,\I0 HALl-
FOLLUwED BY T.. O 90 I-'OSITIUN ZERO \lECTOKS WHICH WILL
CUNTATN THE NLJ. OF EACtl MuUULE TYPE ASSiGNED TO
EACH HALF AFTER TH!: DIVISION IS MADE

tDIJDSTl)
16HlDI'IIISION NUMBER, 151 19H CONNECTIVITY PRICE. F20.MI
16H PARt::NT DIVISION, 15, 9H HALF,I51
17H FIRST HALF CEllS, 2D( /lH ,201511
1SH 2ND HALF CELLS. 201 /lH ,2015))

, 5IlO,.lF20.41

SEClUR~ wHICH
ITI::STC-
ICel!
NTSTC
ICf::l2 --

00 1 1=1,30
CITSTI I 1"'0

1 CINTST 111=0

IPRHjJ"'l
DU 2 11:1, ITEST(;
III",ICElUIII
CI THt I I:CI lSTi 11+~OILCl(I III
IFISEiIlSE SWITCH 2) 5,2

5 PRINT 102, IPRINT, ITeSTC, 1. II, Ill. CITSTII) , SOllCUIIII
2 CONT II'WE

~EAi.J IH( CtlL ~UIL I'(PI:: INVl::NTO){'( FKUftl THE DISK ONE RUW (SOIL
TYPE) AT A lIME. CoMPAR[ THE SUIL TYPE ROw' wITH THE TEST AND
~ONTEST CELL Ll~TS ANU FlJRM 2 SuIL TYPE INVENTORIES. ONE FOR TEST
AND ONE FuR NUNT I::S T.

SeC I Ur{ lUKlS T
A jiJ COLUMN 8Y 9U r{u·'" M.\TRIX CONrAINING THE Sill: COSTS fUR
EI\CH SUIL nl-'E (CLlLijM,~1 AND MUDUlI: TYPE (ROw) COM8INATIlJN.
tA:H KOOj TAKE~ flJuR St::C IORS

DO 4 1=1,30
10K'" IOKSOl +11-11*3'
HT(.H {lOK) $uILCL

,:(,l:AIJ FRUM Tf'll:: DISK
O{VISION Cm'lNELTI'II11Y P'<ICE
PAkl:NT UIVt:>lIJ\i NO. A:~D HALF
fIR~T HALt- 1l!::::.11 CtLL LIST
2NLJ HALF INUNTSI I CELL UST

SECTO~ LUClJlv
AT I::ACH LuOI\I :::'i:LTOK THtR[ IS A RECURD CUiHAINII>tG

NOl.JIV -- (HI:: PARTITION i>tul>1t)I::K,
P~ICE -- (HE P,{{CE OF A ~P.j;;f.L COi\4Nt:CfIUfIl BE.HiEEN. \Hl:

UIVI SIO,>t dAlFS.
IC\lP~T - IHI:: I-'AKUH UI\lISIU;'i I.U.
IPi~THF - Ifll:: PARENI UIVISION HALF
-"lOCHS - \lU Uf Ct:L:) IN THE DIVISION

OISI --- THE uI~TANl"E BEI"'fE;~ I-'AKTITJUN CENff::tl.S

lUK"'LOCDI VI NUU I \I 1
FfTCHllDKI PRICe, PRICE, IOVPNT, IPNTHFo UIST.DIST,UIST
IUK"'IDK+B
F1:TCHIIDK) ITESTC. tICtLltII,j=I,ITESTI..). NTSTC, {ICEL2IU,l"'I,

$ ,~l S TC J

Sl:.CIUR IIJKSOl
A j6'~ COLUM;>t rlV 3U KLJ .. ;"1ATRIX CONTAINING rHE SOIL OF EACH TYPE
AVAILABLE {:\j [ACrl CtlL. [ACI~ RUW REPKESf,HS A SUIL TYPE,
tA~:r-i CUll-iMN A .... elL. EA",H RUw TAKES 37 SECTURS

P>l.INl lHI:: INFl..lRMATlO:'l
PRINT lOu, !'iDOliJ, Pi<ICI::, IUvPNT, IP,'HHf, lICEll(IJ,I",I,lTESTCI
PRI''li 101, {!CELL{II,I=l,NT:;'T[,1

lJEFINE DISK (10, l'JODOI
DIMeNSIUN lCEUI3t>9), ICEL2(369), SUILCL!309J
DIME!~SION LOCDIVljOO). 1'11('101, IIEST{90I, NoNTST(9DI,

'" ARt.AI~OI. RISTl90J, RNfSf(90), CITSTI30),
S CINJSTI jOI

CJMMON IDKMP~, LOl.U[iJ, IV, ITESI, NONTST, ARE:A, TSC, FM. FN,
$ IOt<-CST, TLC, RIST, RNISr, f"l$Ql. FINV, NODTV. FMN, NXTIGK,
f. CITST, CINTST, IUVPNl. If>NTHt-, PRICl:.
C(jMM[j~ [UKLNK, IUKFer, NOOfLT. UI~I

READ DIVISION NU. M,O LiiSt<- LUCATIONS Fi{l]M THE OISK
10'(;,"'1..
FETCHIIDKl NouIII, IUKML, IUI\AkE, IOKMTN. IOKSUL. IDKC~T,

S i\juIVC, ilUJFi"1T, ILUCOIV(IJ,I"'l,NOIVCI, NXTWK
lo , IDKLNK, IDtl.FCT, NOUFLT

SECTOR Wt<lNK
A 30 COLUMN BY 40 RUW MATRIX CoNIAII~ING lEROS AND ONES
TO II\lDIl..ATE WHICH UNKA",E TYPLS ARE RHIUIRt:O 8Y wHICH
MODULt: l'(pES. THE 30 CULUMI'lS AKE lHE LINKAGE IYPES
A\lD THE ":10 KOw:> Ar<£ THE MODULE TYPlS. EACH ROW TAXES 2 SECTUKS

SECIOR'lOKFCT
A \lECTOR LONIAINII\j(, THE FIRST COST UR NEfIj COSf PER UtHT
LENG1H UF EACH LINKAGE TYPE

(PRINT'" 2
DO 3 11"'1, NTSTC
II I"'ICEL21 I I)
C INT SI( I} :CINTST( I )+SOIlCl( I II I
IFISEi\lSE SWITCH 21 0,)

6 PRINT 102, IPRINT, NTSTC, I, II.
3 CONT!'IlUE
4 CONTI"lUE

CALL UNK
lOa FORMAT (

••101 FOItMATl
102 FORMATIIH

END

MEA
AKEA
ChEAP
CHEAP
CINTST
CI TST

KNT~T

I TES TA
I TtS TC
llt:STS
IrES TS

NUOFLT
NUUFMT
NlllST

LGCliIVlo't1 ---
ML ----------
\IUD I" ------
NUNTST

OEFlidTIU,,-,S
AKEA -------- A VECTOK CQI'lTAINING THE AK.EA REQUIKED FOi<. EACH

MODUl[ TYP1:
CHEAP ------- HiE ~IlE CUST OF A PARTICuLAR MUDULE TYPE ON ITS

CHEAj.lE:ST SOIL TYPE
ClNTST ------ SOIL TYPE INV[NTOKY FUR NUN-lEST
U bT ------- ~OlL TYPe: lo'~VLNTOKY FUR TEST
CUSTAO THt:: SITt: LOST UF ADUING A MUDULE
FINFOL THE LOwEST VALUI:: OF FINFu flNFUl

THE PAiH iT ION F lNL
FINV THE SUM GF 1'1(1) 1"'1,90 ALL THE MQOULES IN FINV
FM ---------- NUM8ER OF MUDULES IN TEST fM
FhN HIE PKU(JU(..T UF THi: MDQULt.S IN TEST TIMES THE FMN

MOUULES L't NONTEST FMN
f-N ---------- NUMBt:K UF MODULeS (:.l NUNIST F;'l
h.S'J.I. FiN\I*\FI.NIJ-l)/2 A NORMAliZING VARIABLE FUR FINFO Fi'iSQl
I"::.TCST{NI --- fIRST C(j~T PER. UNIT LENGTH UF LINKAGE N FSTCST
ICELl ------- CHL LIST FOR HST ILEl!
ICEL2 ------- CI::LL LIST FOK NUN-TEST ICEL2
ICHt;AP ------ THe OIEAPEST SUIL T¥'PE FuR A PARTICULAK MOOULE TYj.lE ICHEAP
IUO!>tL ------- A \lAttIA8U: Ir~LlICATING THE DIVISION HAS BEEN MADE IllIDONE

OK H.'IS NUT bELN MADE 10J WONE
ILJVj.l,\jT ------ THE: PAKEiH UIVISIU,'.j NUMbl:R lOVPNT
[[XPEN THE ,'lUST I::XPE!~SI\l1:: SOil TYPE NOw OCCUPIElJ BY A ItXPI::N

(.ERTi\iN I-\U\)ULE f'fPE: IEXPfN
IFROM THl :::.oIL IYPE A MODULE. IS tiEING MOilED FROM IFRUM
FINF-Q THE CluRMAllZELl COST OF A DIViSION INFU
!PNIHF ------ THE f'ARE.NI PARTITION HALt- 11 OR 21 IPNIHf
IIEST ------- A \lll.. Tul< SHUf.llN6 HOW MANY OF EACH MODULE: TYPE ARE lIEST

I N TE~TITEST
THE LUW'L;I Co:;T AUDITION {MODULE TYPEl TO TEST IIESTA
THe ,'>tUMKt.K UF CdL~ IN H.ST (HALF OF THE uIVISION) lTESn
THt: LUtitST COST SUBIRACTllJN (,",OUULE TYPE) FROM TE:ST ITESTS
THE: NUMBEK. OF SOIL IYPES USl::.D iN TEST Hi Holl) lTESTS 1
MLJOULES OF A PARTICULAR TYPE ITESTS 2

IILlST ------ A MAIRlK SHuwI,'JiJ, THt OISTRIBUTIUN OF MODULES lTLIST I
BY TYPE IN THE \lA,UUUS SUll TYPt::S IN TEST ITLIST 2

ITllt'J) ----- THE: 'lO UF MUDULES IN TEST TriAT il.EQuIRE A LINKAGE N ITlT
ITO THe SUIL TYPE A MUDULE IS BEING MOVED TU ITO
IV ---------- A Vf:l"TL:R CU:'tTAINII'lG THf NUMl3tR UF EACH MOUULE' TYPE III

TU Bt iJ{V IOEO IV
(VC --------- ONE HALF UF IV II 1 [VC
I VT --------- A VAK I ABLr:: THAT L. Sf t Tll tv t I} ANI) IS. R£OU(..EO I VT

EVE:RY TIM!: A /",ODULE OF TYI-'c I IS PLACEU IVT
lUCAlIUN OF PARtITIUN N INFORMATION ON DISK LUOIII
MDDuLE LINKAGf MATRIX i'lL
THE NUMB!::R OF THE PARTII IUN NUDIV
A VcL.TUR StilJi<ilNi.. HO~ MAr>tY Of EACH MODULE TYPE ARE NUNTST
II~ NUNTST NoNTST
THE NUMBER OF LINKAGE TYpES NOOFlT
THE NUMBEK UF MUDUU TYPES IN THE PRUBLEM NOOFMT
A MATRIX SHOwlNG THt UISTRIBUTIUN Of MOOULES I'HllST
BY T'tPt: IN THl: \lAR.IDUS SGIL TVPI::S IN NONTEST NTLIST

'HLT('4} ----- THI:: NO uF MUDULl:S IN NONTEST REQUIRING A llNKAGE N NTLT
\ITSTC THE i~uMBEK liF Cl:llS IN NONTEST (HALF THE iJIVISIDNI NTSTC
NTSTS ------- THE IWMbeR DF SLJTL TYPES USED IN NONTEST TO HULD NTSTS

MOOUL(S OF A PA,HICuLA~ TYPE tHSTS
PIUCE ------- THE Pi<.ICE OF 0N( CONNtCTIO,~ BETwEEN DIVISION HALVES PRICE
KEFUND THE. SITE CUST OF A MODUli: BEfORE IT IS MOVED. WHEN REF UNO

THE MUVE IS MADE TrlIS VALUE REDUCES THE COST OF THE REFUND
PART I I I UN RHUNO
A VEL. TOR SHOwiNG THE lINI\AC:.t: COST BETWEEN EACH R.NTST
MOOULE IN THE PROBLEM {IVI AND ALL THE MODULES RNTST
U" NUNTST AS A :.>RUUI-' RNTST

RR SI T( A\lD LINKAGE COST FOK THIS PARTI TION tf..R.
RI<H A hOLDING VARIABLE FOR THE LOWEST RRN KI<H
RKN A TKIAL RR RRN
RTST -------- A VEOUR SHUwlNG THE lINKAGt: COST BETWEEN EACH RTST

MOOUU: IN THE PROiSlEM (IVI AND All THE MaDUlt:S IN RTST
ITEST AS A GRUUP. RTST

SI H:CT ------ A MATRIX CO,HAINING THE SITE COST UF EACH SITECT
MQUULE SOIL TYPE COMHINATION SITEO

SOILCL SUlL TYPE INVENTORY FUR I:ACH CELL SOILCL
TlC --------- TOTAL POSSIBLt L(NJ(AGE COST TlC
TSC --------- TO TAL SITE cos T TSC
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*OElETDV(}STT

*lOISKDVOSTT
*AllS TATEMPUMAP
*Ll S TPR 1NTI:'R
*f-ANOKOl:104
C
C
C

OEFINE DISK (LO.t9000l
DIMI::NSIUN SIIECl{30I, ITLISH30l, NIllST130l, M1l9I1
DIMI::NSIUN LUCUIVDOO), IY(901, ITESTI901, NONTSTl90),

" AKcA1901. RTSft901, RNISTI901, ClTSTI30l,
" CINTSTI301

DIMENSION FSTCST(30), ITLT1301, NTLTDOI, LINKl301
CUMMQ\I IUKMTN, lUCUIIf, IV, ITEST, NONTST, AREA, TSC, FM, FN,

" IDKCST. TlC. RT:i.T, RI~TST. FNSQl, FINV. NODIY, fMN, NXTIOK,
'CITST, CI,'4T:ioT, 10VPNI, IPNTHF, PRICE

COMMON IOKU..K, 10KFCI, NOOflT, OISi
CUMMON ITLT, NTLT, f-IRSTC
IOK=1
fETCHIIUKI NOUIV, lOKi'll, lDI<.ARE, IDKMIN, IDKSOl, IOKCST,

S NUIVC, NOOFMT. ILOCOIVIII,I=I,NDII/C), NXTIOK
• , lOKLNK, IDKFCT. NOUflT

iF THIS IS IJIVI:,;I-O,i DillE REAU THE SET (I'll Of MODULES TO BE OIVWEO
FROM THE TYPE NO. VECTUR. IF THIS IS NOT DIVISION ONE READ IV
FROM THE PARtNT DIIiISluN HALF DISK RE:CURO

1OK= IDKMTN
IFINOOIV-li 6,6.5
I OK=lO(..OI VII DVPIIIT I +1+ 11 PI'HHf-ll*4
Ft-lCH (101';,) IV
DO 90 1=1,90
IF (I Villi 90,90.91

90 CUNT L\lUE:
PiUIH 114
GO TO 92

'H CUNT I NUE

51 CONTINUE
DO 210 1210=1,30
IFlll~K( (2101) 210,210,201

201 IFINTlTI1210) 209,209,202
202 IF( 1Tl HI2101 )203,203,209
203 FIRSTC=flRSTC+FSTCSl( 12101*OIST
209 ITLTII2101=ITlTI12101+1
210 CONTINUE

GO TO 11

Ib IDK=IOKCST+(I-L)*4
HTCHIIDK) SITECT

11 IFIIVTl29,29, 18

18 CHEA P =9 999 9 9 990000 0000 000000 000000000000 00000000000000000000.0
ICHEAP=O
DO 20 11:1,30
IF(SITl::CTt I l)-CHtAPI 19,20,20

19 CHEAP=SIH:CTIIU
ICHb\P=Il

20 COtHINUE

IFlI(.HtAP) 21,21.24
21 lfllVCI 22.22.23
22 PRINT 102, I, AREAIIJ, CUSTlI), CINTSTIJ), SliEeT,

$ ITESTS. (lTLISTtI41.I4=I,ITESTSI,
So NTSTS, INTlIST(I41,I4=1,NTSTS)

IDK=l
fETCH (lOKI NUOIV,Ll,L2,l3,L4,L'j.lb,l7,l8.L9
NOOIV=NOOIV+1
IOK=1
RECORD I 10K) NODI V,L1.l2 .l3, L4, L5.Lb,L7.l8,L9
CALL LINK IOIiDINI

23 IVC=O
GO TO 72

29 lDK=NXtIOK+t 1-1)*4
[QKP=IOK
RECORO(fOKl ITllST. NILIST
PRINT 112, I,lOKP, IV{I), (lUST, NTlIST

30 CONT I NUE

25 S I TECT t 1CHEAP I =999999990000000000000000000000000000000000000000000
$000.0

bO TO 17

26 NONTSTtI)=NONTSHII+1
FN=fN+l.0
IVT=IVT-l
T:i.C= TSC+S I TEC Tt I CHt.AP)
CHHSTt ICtiEAP I =CINT SoT (ICHEAP I-AKEA 11)
Nfl 1S Tt I CHEAP J =NTl I STt ICHEAP) + 1
IftSENSE SWITCH 21 52,53

52 PRINT 109, 1, NUNT;;,TlIJ, FN. IVT, TSC, SlTECHICHEAPJ, lCHEAP,
" CHiTSTIICHEAPI, AREAtl), NTlISTtlCHEAPI

~3 CaNT I NuE
OU 220 122(;=1,30
I F(lli'iK I 1220) 1 220.220,2Ll

211 IFIITlTl122Ul1 219.219,212
212 IFINTLTI122011 213.213,219
213 flRSH:=fIRSTC+FSTCST(1220)*uIST
219 NILrII22UI=NILTt 1.2.20)+1
220 CONT H..tUE

GO TO 17

OIl/lOE- THE /'iODULES IIVI INTU ATRIAL DII/ISION IITEST AND NONTSTI.
AT THE SAME rIMI:: Ri:DUCI:: IHE TEST (CITSTI AND NON-TEST (C{NTST)
SUIL TYPE INVE:NTORIES ANU CUMPUTE THE SITE COSTS.

IOK= IDKARE
FETCH (10K I AR.EA
T5C=Q
F I R$ TC=O
Pi{HH lU3, TSC, FIKSTC, CllST, CINTST
IFII.ODIV-l) BT,d7,b9

e9 CUNTPWE:
IDK=LOCOIV(IOVPN{J
FETCH IIOKI ll. Fl. L2. l3, l4, IOONE
IFtlOONcl 8l:h88,B7

88 CONTI'WI':
Pi{li'H 113

n CONTINUE
IlJK=l
FETCH {IUK} NUOIV,ll,l£.l3,L4.l:i,lb.l7.l8.L9
NOOIII=NODIV+I
IUK=l
Rl:::[URLJ{ IUK I i~Ol) 1V.Ll ,l2 ,L3 ,L4,l'i.l6.L 7 .L8.L9
CAll LINK luVDIN)

81 CUNTl"lU[
FM=O
Fli=O
l ERU I HI: 11 NKAGE VEC TOK~

DO 200 12U0=ldO
,'1Tll(UOU)=O
(TLT(I200)=O

20U CUNTI\IUE

24 IflAREAII )-CINISTIICHEAPII 2b,26,2!)

~RINTllo, NOOLV. lOKi'lL. IOKARf:, IOKMTN, IOKSOl. IDKCST, NDIVC,
" NUUFMT, {LOCDIVIII.I=L,NOIVCI, NXTlOK
$ , IDKlNK, IOKFcr. NDLlFLl

IUK=IOKFCT
FETCH {10K} F-5TCST
PRINT ll~, fSTCST
DO 00 1=1.90
(lEST( II-=U
NONTST1I}=0

60 CONT I NUE
ou jO l=I,NOOFMT
II1T=IV( I I
IVC=IV(II/2

72 IlJK=lUK(.ST+( [-11*4
NTsrs=U
1 TESTS=O
lTEST{ I 1=0
NONTST( 1)=0
FI::TCH I lOKI SITEcr
PKINT li5. 51 TECT
I OK= I DKlNK + { 1-1 } *2
HTCH lIOK) LINK
PRINT Ub, LINK

DO 21 I1=L,30
lTlIST([I)=O
NTLISH I 11=0

27 CONT I"..tUE
71 IFI[I/T-IVCl16.Lo,7

7 CHE AP =99999 99900 00000000 OOOUOOOOOUOOOOOOOOOO 00000000000 00000.0
ICHEAP=O
DO 9 11=1.30
IFISITECTIIL)-CHEAP) 8.9.9

8 CHEAP=$ITECHILI
ICHEAP=Il

9 CONT INUE

PKINT THE SITE CUST, THE SOIL INVENTORIES AND THE OII/ISION
PRINT L03 ,TSC, CITST, CINTST
PRINT 104 , ITEST
PRINT 110, NONTST
P~HNT Ill, IV

c
c
c
C COMPUTE THE TUTAl LINKAGE COST. All LINKAGES TIMES PRICE
C

TlC=O

00 33 I=L,NOOfMT
[F(IV{I))33,33,31

31 IDK=lOK.ML+lI-1I*4
FETCHIIOK) ML
FVI=IV( II
00 32 II=I,NOUFMT
FV[(=IIl( 11)
FMl=Mll II I
TlC=TlC+ FVl*fVII*PRICE*FMl

32 CONT I NUE
33 CONTINUE

PRu"r 105, TLC

COMPUTE 2 VECTORS
1. RTST, SHOWI~G THE lINKAGt: COST BETwEEN EACH MODULE IN THE

PROBLEM (IV) ANO ALL THE MODULES IN InST AS A GROUP.
2. RI'HST, SHOWING THE LINKAGE COST BETWEEN EACH MODULE IN THE

PROBLEM (IVl AND ALL THE MODULES IN NONTST AS A GROUP

IFIICHEAPI Ib,lb,lO

11 S I TI::C T I ICHEAP I =9999999'.:10000UOOOOOOOOOOOOOOOOOOOOOooooooooooooooooo
$000.0

GO 10 7

L2ITESTlI)=ITeST(I)+1
FM=FM+I.O
1111=IV1-1
TSC=TSC+SI H .. CT (ICHEAP)
CI 1ST! ICHEAp I =ClTS T([CHEAP )-AREA II)
I TL I ST I ICHEAP l =1 TL 1Sf( ICHEAP) +l
If(SENSE :i.WITCH 2) ~0.51

50 PRINT loa, I, IIEsrlll. FM. IVT. TSC, SITECT(ICHEAPI, [CHEAP,
.. CITSTlICHEAPI, AREAII), lTlISf(ICHEAP)

10 IFIAREAII I-CITSHICHEAP)l 12,12,11

DO bl 1=1,90
RTSH I 1=0
RNTSTl 11=0

61 CONTINUE
DO 37 l=l,NOOFMT
IFIIVIII)37,37,35

35 10K=IDKML+( 1-11*4
FETCH( lOKI i'lL
DO 30 1I=I.NOOFMT
FTST=ITESH I [J
FNTST=NONTSHlll
FML=Ml(lll
RTST 111=RTSTII )+FTST*FML*PRICE
RNTSTI I }=RNTSH I l+fNTST*FMl*PRICE

36 CONTINUE
37 CONflNUE

PRINT lOb
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PRINT 107, ~TST. ~NT5oT

COMPUTE THE INFO VARIAtRES
FIN\I:O
t)1J 38 l:I,NODFMT
F\lI:IVI I I
FINI/:F l"iIJ+Fl/l

38 CONTINUE
FMN:FN*FM
FN5oQI:F I "''1* I F INIJ-I.O 1/2.0
CALL LINK IDl'lIOEJ

102 FORMAT( IbHIRAN OUT OF Aj{EA, 3E1b.8, 6( IIH , 5El6.81,
" 4 (IlH ,201511

103 FIJRMAT t 17HO TOTAL SiTE COST, FiO.81
" I'm FIRST LlI'llKAGt CUST, f20.81
S ibHO lEST SUIL TYPE INVENTOi{Y, b II IH , 5F20.8)1
~ 29HQ NONTEST SUIL TYPE INVENTORY, 611 IH , 5F20.6»

104 FuRMAT I bHO nST, 51 IlH ,201':.>11
Ill':) FURMAl{ 19HOTOTAL LINKAGE cosr, EI6.8)
lOb FORMAT I lOHO RT::.T AND KNTSTI
101 fORMATI IH, 5F-iO.81
108 FURMATI 6H ITEST, 2110, FlO.2, 110, 2F20.41

!> IH , I1U, 2f20.4. 11UI
109 FORMAT I 7H NONTST. 2110, Fl0.2. HO. 2F20.41

S IH , liD, 2F20.4. llO}
1I0 FORMAT I 9HO NUI'IIHST, S{ I IH , 201':)1}
ill fURMATI 3H 1\1, 51 I IH , 201511
112 FUKMATIIHO, lol5, ZlIIH ,201511
113 FURMATl32rlOPARENT OI'l[S[OI'll i-tOT YEl DiViDE\}
114 FURMATI2,:>H NU MUUULES TU DEVIllE
11'> FURMAT IIH , ';)FiO.ol
lib FUi{MAT t lH • lO 151

[,'IlO

Ot.> 00010
D3l I 11432U3 7141b2917181416
03£ 00001
OH £ 45413£809312898342~3132

032 00002
031 3 17 7 '-J 6 2 4 99
JH 00003
O.H 4 .HI14.:H 312631312':13131
032 OOOOft
OB 'j 911628 22b2928252'>2'>25
032 0000'>
031 6 ')U2998 43li83121292528
032 0000t.
oJl I 2001134 3liS275120313i
032 00007
OH tl 139182',l',l92?2'>292028252'j
Oj2 OOOUti
O.H 'J 201431 312'>25312'>3131
:)32 OOOO'J
OJ3 000090000000001
031 10 4'>Ul03i0031L5283£25313£
032 OUOl0
OB 000100000000001
0'> 1 720000U 14ft
05 2 7'>00000 1 89
05 3 4'#30000 1 5'>
0'.> 4 4130000 2 41
0':> ') .2860000 4 15
0... t> 340000u 4 20
0... I i,>,>UOOli 0 14
0':0 h 331'>000 6 12
0') 'J 2950000 j 25
0':0 10 2550000 9 1~

OJ 11 2'J5000Ci 3 30
0., 12 2330000 11 'J
OJ 13 41200UU 11 21
0:> 14 6000000 2 4<>
0') 1'.> .2':f5UOOO 14 2t1
05 11 4020,JOO 15 H ..
0') 16 j050000 I:> 12
on 1
OB ~

033 3
033 4
DB
033
DB
Oj3

*UElETDIVllJE

*LDISKDIIJILJt::
*ALLS TAIE ME''H MAP
*ll S TPRINTeR
*fAN[)KOb04
*ARITHM£TICTRACE
*IFTK.i\CE
C
C
C

tJEF-HH: OI::'K 110,19000)
DIMENSiUN ITllSTl301, NTLIST{301, SITECTI301, Mll911
0IMt.NS1UN LOC.OI'l1300I, 1v1901. ITt::STI901, NONTST(90),

t. AREAI90}, RTSTI'#O), RNTSTI90). CITSTtJOI,
l> ClNTSTUOI

OlMI:':NSIO:'Il FSTCST130), IHT(30), NTLlI30). LlNKI301
CUMMUN lUKMTN. LLJUJI\I, JII. lJEST, NONTST, AREA. TSC, FM. FN,

$. IOKCST, TlC, RTST, K.NTST, FNSQl, FIN'I, NOoIV, FMN, NXTloK,
$. [(1ST, CPHSr, 10'lPNT. lPNIHF, PRIC[

CUMMO'4 (DKU-.lK. WKFCT, NuUFlr, DIST
CUMMUN ITlT, NTlT, fIR~TC

[OK=-1
FETCHIIOK) j~OOIV, IUKML. JOKARE, IOKMTN. IOKSOL, IOKCST.

$ NoIve, NOUFMT, IlOCOI'l{Ilt!:I,NLJI'ICI, t;lXTlLiK
$ • [OKLNK. IOKFCT, NOUFlT

IOK:IOK.FCT
FETCH {lOKI FSTCST

SUH Trlt CUNNfCTIVtrY CUST FOR THE TRIAL DIVISION. ADO IT TO
THE SlIE CO:.T A,\jO CALL IT TUTAl COST ti~RI .. THEN COMPUTE
THE DIVlSION 'IALUE 'IARIABLE INFO. PUT INFO INTO INFOl

RR=TSC+FIRSTC
DO 1 l:l.NOLJFMT
FTST:'40NTST(11
RR:RR+RT,ST III*FTST

I CUNI L'IlUE

FINFOL:cl0.0E60
IFIFMN*IFNSQl-fMN)) 41.47,46
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46 CONTINUE
50 TR: I RR- ( ilC*FMN) IFN50IH II 50Qit T(FMN* I FNSwl-FMN II
F I NFOL:S1R*AB5 I 50 TR I

47 CONTINUE
C******* A PATCH CARD TO AVUIO NORMALIZATIUN ******"'****************************

FlNFOL:RR

PRINT 100, FlNFOl, RR, fNSQ1, FMN, STR
c
c
c
C ADDITIUNS AND SUBTRACTIONS ROUTll'tt
C
C TRY All POSSlIiLE AUDITIONS TO AND SUBTRACTIONS FRUM tTEST
C TO SEE tf ANY OF THESE ADJACENT OIVISIUNS COSY LESS THEN THE
C TRIAL DIV'ISION
C
C

38 ITESU:Q
I TES TS=Q

DU 29 I'"l,NOOFMT
If(NONTSn II+ITESTII I I 29,29,2

2 IDK=-NXTlDK+II-1I*4
IDKP:IOK
FETCHIIOK) ITLlST, NTLIST
10K=-1 DKCST+ {I-II *4
PIOK:IOK
FETCHIIOKI SIIECT
IF (SENSE SWlTCH 31 900.901

900 CONTINUE
PRINT .201, I, IUKP. IVIO. ITLI::.T, NTLI::.T
PRI"'T 200, PlDK, SITECT

901 CONTINUE
IlJK:IDKLNK+ll-ll*2
FHCHIIOKI LINK

CAN ONE OF THE MODULES UF TYPE I BE MU'IED FROM NONTEST TO ITEST

IS THERE A MUDULE IN NUNTEST TO MOVE
IFINONTSTll)I13,13,3

i:
C FIND THE CHEAPEST ITESr SOil TO PUT THE NONTST MUDUli:: INTO.
C THERE MAY BE NO SUll AVAILABLE AT All
C

3 CHE AP: 9999999900 00 0000 000 0000000 00000000 000 0 0000000 00000000 0.0
ICHEAP:O
DO 5 11:1.30
IF(SITECTlll)-CI1EAPI 4.,>,5

4 CHEAP=-SIHCTIIII
lCHEAP"'-lI

5 CONTINUE

WAS A SOil rYPE FOUND
IF IICHEAP)U,13,o

DUES THE CHEAPEST SUIl TYPE HAVE ENOU;:-'h RUOM TU TAKE A
TYPE- I MODULE INTu 11"I:5T

6 IF IARtAIII-CtT::.TlICHEAj.>II!,7.19

NU HIMINATE SOil TYPE ICHtAP FRUM CONSIDERATION AND FIND THe
NHT CHEAPEST SI TE

19 50 I HC T ( lCHE AP I =>J99999',l9000000000000000uouoooooooooooouooooooooooou
$000.0

GO TO 3

YES. ~HAT IS THE CUST OF ADDING THf MOiJULE TO 1TI:':ST
1 COSTAD=SIJECTIICHbWI

NOW FINO THe REFUND fRUM THE REMO'IAL OF THE MODULE FK.UM NONTE::'T
IUK: IOKCST+1 1-1 )*4
FETCHIIOK)SITECT
REFUND:cO
IEXPE~:O

DO 10 11:1.30
IFINTllSTl1 I 1110,10,8

8 IFISITECTllll-REFUi"Ol 10.10,9

9 I EXPE,'Il: I [
>{EFUi'IIO:SI TELT (I l)

10 CONTI~UE

ARE THERE ANY FIRST llNKAi.>E CUSTS INVUL'IE:O IN THe MUVt:: (ADUI
FC:O
DO tlOO I800:1,3U
IF {LINK! 18001) tlOO,800.801

801 IF(!TLTII8001+NTLTII800)-1I BOO, 800, (HJ2
802 IFIITLTI18001) 803,803,804
803 FC=fSTCSTl IBOOI*OIST+FC
804 IFIIHLTII8001-1I BOS,oO~.800

805 FC:-FSTCSTII8001*OIST"'Fl,;
800 CONT I NUE

COMPUTE IHE NEW RR FUK FINFiJ
RRN: RR +(;050 TAU-Rl:FUfIlD+Ri~ T~ T I ( ) -R TS T ( I I +fl,;
FINFQ:I0.0E6()

c******* A PATCH CAK.D TO AVOID NO;{MAlIZAT10N ***********************************
FINFU:RRN
FMN= I FM+ 1. 0 I *( FI''l-I.O I
IFIFMN*IFNSQI-FMNI) 11,11,45

45 50 TR= t RRN- ( TlC*FMN I/FfIISQl ) I SQR r (FMN* I FNSi.,! I-FMN I I
F INFU:S TR*ABS I STR I

C******* A PA TCH CARD' TU AVU I 0 NORMAL I ZAT I ON *********t<********************* ****
F I NFO=-RRN
if(SENSE SwlfCH 21 90.2,903

902 CONTINUE
PRINT 204, I, ICHEAP. II:XPEN. FINfO, RR, COSTAa, REFUND. RNTSTIII.

S RTSTll). Ri<.N, FNSQ1, fMN, STit
903 CONIINUE

If {SENSE SWITCH 31 904,905
904 CUNT I NUE

PRINT 200, SITECT
905 CONT Ii'\lUE

IS THIS FINfO lO,.ER THtN FP~FOL

11 lFIFINFO-FINFOli 12,13,13

12 FINFOL=FINFD
FCH:FC
RRH:RRN
I FROM: I EXPEN
I TO: ICHEAP
ITESTS=-O
ITE::'TA:I

NOW TRY A SUBTRACTlON ns THERE A MODULE IN [TEST TO .sUBTRACT)



13 IFIITESl(11)29.29,l1
11 IOK=IDKCST+(J-U.4

PIOK:o:IDK
FETCHIIOK) SITEcr
IFISENSE SWITC.H 3) 906,901

906 CONT INLJE
PRINT 20b, PIOK, SITECT

901 CONTINUE

FINO THE CHEAPEST SOIL TYPE THAT HAS KOOM FOR A MODULE
14 ICHEAP=O

CHE Ap", 9 999 9 9 99 00 00 0000 000000 ouoo a000 00 00 00 00 000 00000000 0000 0 ~ 0
UO Ib 11=1,30
IFtSITECTIII)-CHEAPI 1'i,16,16

15 CHEAP=SITECTIIII
ICHEAP"'II

16 CaNT INUE

PRINT 207, NOOIV
PRINT 200, nESTS, no, IFROM, ""PRINT 201. lTEST
PRINT 201. NONTST
PRINT 202, cnST
PRINT 202, CINTST
PRINT 201, IDKP. lTUST
PRINT 201,. JDKP. HTll ST
PRINT 20b, FlNFOl
PRINT 202. FIRSTC
PRINT 201, LINK, I TLT, NTLT
GO TO 38

WAS AN ADDITION BETTER THEN THE TRIAL DIViSiON
H If ClTE.HA 131031,34

WAS A SOIL TYPE FUUND
I F II CHEAP 129,29,18

DUES THE CHEAPEST SOIL TYPE HAVE KOOM
18 IFIAREA{I)-CINT$HICHEAP)1 ZI,21,20

NO ELIMlNATt ICi1t:AP FROM COi\jSWEi{AfION
20 SI fECT (ICHEAP 1=99999999 .. 0E46

GO TO 14

fU:MdER fHE CUST fO ADO lH£ MODULE TO NONTST
21 COSTAD=SITECTII(HEAPl

NUW FIND THE KEF UNO FOR KEMOVING THE MUOUlE FROM ITEST
I DK"J DKCSJ+ I J-l) *4
FE:TCHIIDK) SITECT

YES, ADJUST THE DIVISION PARAMETERS
34 RR.::RRH

FIRS TC"'F I RS TCHCH
FM=FM+l .. 0
FN=FN-1.0
NONTSTlI TES TA I.::NUNTSTC ITfSTA I-I
trES f( I TESTA. I =lIES r( 1 rEs rA HI
IDK=NXT IUh (1 TES TA-11 *4
IOKP=IDK
IOK~=10K

FETCHI IOKI ITUH, NTllST
,"lTLl ST llFRmu "'NTLl sT(I FROM)-I
I TL I ST lITO I =1 Tll ST (lTOhl
RECUROlJOK8) ITl1ST, NTlIST
Cl TS Tt LTO) "'C1 TST IllU)-AREA II TESTA)

C INTST I IFROMI =( I NTS T I I FROM) +AREA( ITESTA I

NTLIST

NONT'sT

CINIST
lOKP, ITUST
IUKP.
fINFOl
FIRSTC
LINK, lILT, NTLT

PRINT
PRiNT 201', Noun
PRloliT 203, ITESTA, ITO, IFROM, KR
PRINT 201, ITEST
Pfl.INI 201,
PRINT 202, CITSI
PRII-lT 202,
PRINI 201,
PRINT 201.
PRlolIT 20b,
PI{V'IIT l02,
PKINf iOl,
GO TO 38

OU 36 1=1,90
IFIIVIII136,36,J,>

35 IDK"IDK.ML+(I-1I*4
FUCH( lOKI ML
F.Ml=Ml' lTfSTA)
RTS T (II "'R TS Tl I I tFMl*PRI CE
RNTS ft I I"'RNTSTlI )-f-ML*PRIC£

36 CUNT I NUE
10K'" IDKLNK+ (I TES TA-Il *2
FETCHI 10K) LINK
DU !:I40 1840"'1,30
I HT {18401=I TLT1I840)+LINKI (840)
NTL T (1840) ""NTL T 118401-LINKI 1840 I

840 CONT HIIUE:

WE HAVE AN ANS"ER
STORE TEST ANU NoNrST ON THE DISK AND PRINT

37 IDK=LOCDlvINOOIVI
ID""IDK
FeTCHCJD) LI,Fl#L2.L3#t4.IDONE
IOONE=1
RECORD I1DK ILl, Fl ,ll. ,L3, L4, WONE
RECURD (lOKI ITEST, NONTST

CUMPUTl THE NE~ KK FOK F-INFU
KK~=KK+COSTAl)-Kl:: F-U:~DtK TS T (ll-RNTS I I II tFC
FINFO=lO.OEt>O

c******* A PATCH CARD TO AVOIU NUil,MAlllATIUN *****************.***********.*.***
FINI-U=RRN
FMN= I FM-l.0) * (FN+l .. 0 I
IF IFMN* {FNSW1-FMNl J27, £1 ,26

26 S TR= (RR;"l- t TlC*FMNI/FNS<JI J IS\.iRI I FMN* (FNSQI-FMN II
F INfO", S I,{*AUS t S Tt<. I

c******* A PATCH CAKU TiJ AIIOll) NOt<.MALllATI0N **************.********************
F INF-U=RK·N.
IF-(SE,"lSI:: SwiTl.H 2J 908,909

908 CUNT INUE
PRINT 20':1, I, ICHEAt', IEX.t'E~, FINf-O , I{K, (OS TAD, REFUND, RNTSTI I),

" ",TSHI}, RKN, FNSQl, FMN, ';TR
909 CUNII'ljUE

iFlSENSE SWITCH 31 'HU,911
910 tUNT I\lUt:

PKINT 2.06, SITELT
911 (OtH INU[

22 IEXPEN"O
E:X.Pi::N=O
uu 2511=1,30
IF(ITUSTIILI12'.),L':I,23

23 IF(EXPl:.N-SITl:.CTIIlll '-4,25,25
24 IE:X.Pl:."l"'Il

EXPEN"'SITECT(II)
25 CUN] INUE

Kl:.FUNO=!':XPEN

IS FINFO LESS THK;\j FINFOL
n If(FINFU-FINf-Ull 28, 1.9, 1.9

ARE THERE ANY FIKST llNKAGES COSTS INVOLVED IN THE MOVE lSUB)
FC"'O
DU il20 182.0"1.30
If(LI"Ii\.(I1:I2QII 8£0, BZu, !:I 2 1

tin If(ITU({cJ20/+NTUII8LOI-11 1320" 820, 822
822 I F I ,~TL I t 11320 I) 823, 823. 824
823 fL"'F-STl.STI 18201*DISTtfL
H24 If(ITLtI182U)-1l 825, 825, 020
825 FC=FC-FsrCSTI182U)*0IST
820 CUNIIN.0E

vtS
28 F1NFOl"'FINFLJ

Rfl.H"RRN
H.H"'FC
IFROM=IEXPEN
I ro= lCHEAP
ITESTS=I

2'1 CONT l.'4uE

INCRE:MtNT THE DIVISION NO
10K"'1
FETCHIIDKI NODIV, lOKi'll, IDKARE, IDKMTN, IDKSOl, IDKCST,

$ NDIVe, NUDFMT, LI, l2
PRINT 201, NUOIV
PRINT 208
PKINT 209. {I, lVIII, (fESTIII, NUNTST((I, 1"'1, NOOFMT)
PRINT £06, FINFOl
PRINT 202, FIRSTC
PRINT 201, LINK, ITlT, NIlT
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2ND HALF1ST HALF

RETURN TO
SOUTH' ASTERN WISCONSIN

REGiONAL PU\(\N1NG COMMiSSION
PLAN~ING LIBRARY

PRINT 211, ((,1""1,301
DO 50 I=l.NOOFMT
IOK"NXTIDK+II-I)*4
FETCH IIDK) ITlIST, NTllST
PRINT 210, I, lVIII, ITESTtI), lTUST, NONTSHII, NIlIS,.

50 CONTINUE
NODIV"'NODIVtl
10K"'1
ReCURD! WK) NOUIV, lOKMl, JDKARE, IDK1'ITN,. IDKSDL, IUKCST,

S NOIVe, NOOFMT, ll. l2

WAS THAT THE lAST OIVISION
IF (NOD I V-NOI VC )40,40,39

39 CAll EXIT
40 CALL LINK (DVDINI

100 FORMAT( 22Hl FIRST OlVISrON VALUE, 5H6 .. 6111111111111111
200 FORMATt 28HO A SUBTRACTION, MODULE TYPE, 151

S 13H SOIL TYPE TO, 15. 19H SOIL TYPE FROM, lSI
S 3H RR, Elb .. 8J

2-01 FORMAT 11H , 201'j I
202 FURMATIIH , 5f20.BJ
203 FORMAT( 27HO AN ADDITION. MODULE TYPE, 151

So 13H SOIL TYPE TO, 15, 19H SOil lYPE FROM, 151
.s 3H RR, Elb ... BI

204 FORMAT(2H A, 315, bE16 .. 81 IH • 4Elb.8)
205 FORMAT(2H S, 315. bEl6 .. 81 IH , 4 El6 .. BI
20b FORMAT( IH, 1E1b .. 8)
201 FORMATI12HIDIVISION NO, IS)
208 FORMATlbOHOMOOULE TYPE TO DIVIDE

• /I
209 FDRMATllH , Ill. 114,21131
210 FORMAT( 1HO, 215"H 1. 1615/ IH • 20X, 1515/

S IH , 13X, 2H 2, 1615 I IH , 20X, 15151
211 FORMAT(41HO TYPE AVl HALF INHF SOIL TYPE PLACEMENT,

" 2UIH ,20X, 1,15) I
END

31 IDK=IDKMl+II-I1*4
FETCH( IUKI Ml
F/'lL=MU lTESrSJ
RTSTtII=RTSTIII-FML.PKICE
RNTSl( 1 )=RNfSTt II+FMl.PRICE

32 CONT I NUE
10K'" 1Dl\.lNK+ ( (TES TS-I1.2
FETCHIIDK) LINK
DO 830 1830=1,30
IFIUNKII8301) 83U, 830, 831

831 NTlTI1830J=NTLTI18301+1
1 Tl T II (30)"ITl If 1830)-1

830 CaNT INUE

PRINT

WAS A SUBTRACTION bETTER THI::N THE TRIAL DIVISION
IFIITESTSJ33,H.30

30 RR"KRH
FIRS TC"F IR$TC+FCH
FM"'FM-l .. U
FN=FIHl.O
ITES Tt l TESTS 1=1 TES I{ l TI::SI~ )-1
NONTST ( I TES TS J "'NONTS Ttl TESTS) +1
I DK"'NXT lOK+ 11 TES 1S-I)*4
IDKb=IIJK
IOKP"'IDK
FETCHIIOKlITLIST, NILlST
ITLI ST I IFROM I'" I TLI S T{ l fROM I-I
NIUSTIITOI=NILlST(ITO)+l
RECURDIIDKBI lTLI~T, NTLI~T

C INTST II TU 1 "'UNTS T (1 Tu )-AREA I I Hs TS I
(ITSTI IFRUM)""cnST (IfROM1+AREAll TI:$TSI
DO 32 1"'1,90
l F t I VI I Il 32 132,31

ADJUST ITEST, NONT~T. (liST, CINTSt, RTST, AND RNTST FOR
THE SU81RACIION



Appendix IV
PHASE III WORK PROGRAM

The emphasis in the third phase of the urban design model program will shift from model application to the
preparation of training manuals and other aids for the education of planners and engineers in the use of the
model in practical planning applications. If the design model is to have any real impact on urban planning,
then it must be applied by large numbers of people; and, to be applied, it must first be understood. The
Phase III work program has as its objective the initiation of this training program.

The Phase III program will be comprised of the following work elements:

1. The preparation of a user's manual containing all of the procedural information necessary for the
application of the design model in both community-level and regional-level planning.

2. The documentation of all computer programs for general application on medium- and large-scale
computers and for special application on a selected small-scale computer.

3. The preparation of a course outline for, and the initial presentation of, a three-day training course
in the theory and application of the design model, which will be conducted for personnel selected by
the Department of Housing and Urban Development.

4. The preparation of a policy statement and a work program for the nation-wide implementation of
the design model by the Department of Housing and Urban Development.
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TYPE NO.

Appendix V
GERMANTOWN INPUT DATA

Appendix V-1

PLACECOMP INPUT---MODULE TYPE AREA, AND CONNECTIVITY

AREA CONNECTIVITY TO MODULE TYPES
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 31 38 39 40 41 42 43 44 45 46 41 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 61 68 69 70 71 72 73 74 75 76 17 78 79 80 81 82 83 84 85 86 81 88 89 90
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Appendix V-2

PLACECOMP INPUT---SOIL INVENTORY

SOIL TYPE
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

CELL
32

101
102
103

14
21
22
31
32
33
34
41
42
43
44
52
53
54
61
62
63
64
11
72
73
14
81
82
84

AREA
64.00000000
43.00000000
99.00000000
38.00000000
81.00000000

217.00000000
54.00000000
36.00000000
9.00000000

194.00000000
302.00000000
102.00000000

78.00000000
523.00000000
519.00000000
219.00000000
191.00000000
102.00000000

1015.00000000
010.00000000
800.00000000
321.00000000
134.00000000
317.00000000
260.00000000
105.00000000
130.00000000
312.00000000
242.00000000

2
2
2
2
2
2
2
2
2
2
2
2
2
:2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

91
92
93
94

101
102
103
104
111
112
113
114
121
122
123
124
131
132
133
141
142
143
144
151
152
153
154
101
162
163

578.00000000
225.00000000
124.00000000

62.00000000
518.00000000
473.00000000
192.00000000
149.00000000

30.00000000
272.00000000
269.00000000
101.00000000

28.00000000
9.00000000

73.00000000
144.00000000
196.00000000
526.00000000
304.00000000
516.00000000

56.00000000
311.00000000
477.00000000
188.00000000
561.00000000
174.00000000
182.00000000
307.00000000
295.00000000
242.00000000

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

164
171
172
173
174
181
182
183
184
191
192
193
194
201
202
203
204
211
212
213
214
222
223
224
231
232
233
234
241
242

201.00000000
18.00000000

167.00000000
217 • 00000000
462.00000000
460.00000000
649.00000000
207.00000000
433.00000000
143.00000000
221.00000000

9.00000000
215.00000000
321.00000000
559.00000000
136.00000000
126.00000000

33.00000000
14.00000000
24.00000000
30.00000000

265.00000000
210.00000000
208.00000000
365.00000000

10.00000000
374.00000000
181.00000000

3.00000000
318.00000000
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Appendix V-3

PLACECOMP INPUT---MODULE TYPE SOIL TYPE SITE COST MATRIX

~DIL TYPE MODULE TYPE SITE CD~T 2 3 .11247400[+06 4 5 .22544400E+06
1 I .99999900E+30 3 3 .581939000+05 5 5 .32710800E+06
2 1 .99999900£+30 4 3 .10529000E+0; 6 5 .35216400E +06
3 I .99999900E+30 ., 3 .10159300E+06 7 5 .16376400E+06
4 I .999999000+30 " 3 .10924900E+06 8 5 .17888400E+06
5 I .99999900E+30 7 3 .513639000+05 9 5 .17623200E+06
6 1 .99999900E+30 8 3 .55983900E+05 10 5 .18076800E+06
1 1 .99999900E+30 9 3 .,5492000E+05 II 5 .11902000E+06
8 1 .999999000+30 10 3 .56878000E+05 12 5 .40220400E+06
9 1 .99999900E+30 II 3 .5>760400E+05 13 5 .17620400E+06

10 I .99999900E+30 12 3 .124538000+06 14 5 .20303400E+06
II 1 .99999900E+30 13 3 .;5112300E+05 15 5 • 17623200E+06
12 1 .8;983700E+06 14 3 .63204000£+05 16 5 .18203200E+06
13 I .52285700£+06 15 3 .55492000E+05 17 5 .l9110400E+06
14 1 .99999900E+30 16 3 .57051900E+05 18 5 • 18604600E+06
I; 1 .47544800[+06 17 3 .598240000+05 19 5 .32086400E+06
16 1 .49391000E+06 18 3 .57801000[+05 20 5 .99999900E+30
17 1 .50827300E+06 19 3 .995790000+05 1 6 .71560000E+06
18 1 .99999900E+30 20 3 .99999900E+30 2 6 .15223900E+06
19 1 .999999UOE+30 I 4 .14880800E+06 3 6 .75623000E+06
20 I .99999900E+30 2 4 .4045"300E+06 4 6 .89577000E+06

1 2 .10021300E+Ol 3 4 .11280400E+06 5 6 .84516000E+06
2 2 .1l504000E+07 4 4 .23329400E+06 6 6 .14484000E+06
3 2 .84784700E+06 ; 4 .36319800E+06 7 6 .64619000E+06
4 2 .79455800E+06 6 4 .39;21400E+06 8 6 .71213000E+06
5 2 .96964600E+06 7 4 .14960400E+06 9 6 .68115000E+06
6 2 .10127900E+07 8 4 .16892400E+06 10 6 .70093000E+06
1 2 .78lj90800E+06 9 4 .17041200E+06 II 6 .72891000E+06
8 2 .81494800E+06 10 4 .11620700E+06 12 6 .16666300E+06
9 2 .70980400E+06 II 4 .16503400E+06 13 6 .70369000E+06

10 2 .71761600E+06 12 4 .45915400E+06 14 6 .82716000E+06
II 2 .89899600E+06 13 4 • 16468700E+06 15 6 .68115000E+06
12 2 .10989700E+07 14 4 • 19734400E+06 16 6 .71939000E+06
13 2 .82109600[+06 15 4 .17041200E+06 17 6 .75895000E+06
14 2 .906827000+06 16 4 .17457100E+06 18 6 .76602000E+06
15 2 .70980400£+06 17 4 .186164UOE+06 19 6 .13183700E+06
16 2 .786844000+06 18 4 .17i38500£+06 20 6 .99999900E+30
17 2 .80246800E+06 19 4 .35359400E+06 1 7 .19558700E+06
18 2 .94462200E+06 20 4 .99999900£+30 2 7 .16963000E+06
19 2 .99241800[+U6 1 5 .17077400E+06 3 7 .14523000E+06
20 2 .99999900£+30 2 5 .36393400E+06 4 7 .11680500E+U6

I 3 .52869400E+05 3 5 .18825400E+06 5 7 .13092400E+06

Appendix V-4

PLACECOMP INPUT---DIVISION CELL LISTS

DIVISION NO. 93 1 301 1
CONNECTIVITY PRICE 923960.00000000 94 1 302 1
PARENT DIVISION 0 101 1 303 1
PARENT 01 VI SION HALF 0 102 1 304 1

103 I 311 1
DISTANCE 3.50000000 104 1 312 1

III 1 313 1
CELL NO. DIVISION HALF 112 1 314 1

11 1 113 1 321 1
12 1 114 1 322 1
13 1 141 1 323 1
14 1 142 1 324 1
21 1 151 1 333 1
22 1 152 1 121 2
23 1 153 1 122 2
24 1 161 1 123 2
31 1 162 1 124 2
32 1 163 1 131 2
33 1 164 1 132 2
34 1 III 1 133 2
41 1 172 1 134 2
42 1 173 1 143 2
43 1 174 1 144 2
44 1 181 1 154 2
51 1 182 1 214 2
52 1 183 1 221 2
'>3 1 184 1 222 2
54 1 191 1 223 2
61 1 192 1 224 2
62 1 193 1 231 2
63 l. 194 1 232 2
"4 1 201 1 233 2
11 I 202 I 234 2
12 1 203 1 241 2
13 1 204 1 242 2
74 1 211 1 243 2
81 I 212 1 244 2
82 1 213 1 251 2
83 1 291 1 2'>2 2
84 1 292 1 2'>3 2
91 1 293 1 254 2
92 1 294 1 261 2
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Appendix VI
DEVELOPMENT COSTS

Due to its large bulk all of the development cost data prepared under Phase I of the project could not be
included in this report. It may be obtained at cost by writing to:

Administrative Officer
Southeastern Wisconsin Regional

Planning Commission
P. O. Box 769

916 N. East Avenue
Waukesha, Wisconsin 53196

The complete development cost data includes unit development cost for each site development or linkage
development for each of the 224 soil categories in the model test area described in this report. The 141
cost development tables are listed below. Examples of eight of these tables have been included in this
appendix for illustrative purposes.

LIST OF SUMMARY TABLES

1. Airport Runways, Asphalt
2. Airport Runways, Concrete
3. Electric Power Production Plant
4. Electric Power Transmission Lines
5. Foundations, Commercial Buildings
6. Foundations, Industrial Buildings
7. Foundations, Residences (See Following Example)
8. Laterals, Storm and Sanitary Sewers and Water Lines, Earth Backfill
9. Laterals, Storm and Sanitary Sewers, Earth Backfill

10. Laterals, Storm Sewers and Water Lines, Earth Backfill
11. Laterals, Sanitary Sewers and Water Lines, Earth Backfill
12. Laterals, Storm Sewers, Earth Backfill
13. Laterals, Sanitary Sewers, Earth Backfill
14. Laterals, Water Lines, Earth Backfill
15. Laterals, Storm and Sanitary Sewers and Water Lines, Gravel Backfill
16. Laterals, Storm and Sanitary Sewers, Gravel Backfill
17. Laterals, Storm Sewers and Water Lines, Gravel Backfill
18. Laterals, Sanitary Sewers and Water Lines, Gravel Backfill
19. Laterals, Storm Sewers, Gravel Backfill
20. Laterals, Sanitary Sewers, Gravel Backfill (See Following Example)
21. Laterals, Water Lines, Gravel Backfill
22. Parking Area, Automobiles
23. Parking Area, Trucks
24. Play Area, Paved
25. Railroad, Main Line (See Following Example)
26. Railroad, Spur Line
27. Sewage Disposal Units, On Site Septic Tanks
28. Sewage Sanitary Collection Lines, 8 Inch Diameter Main Only, Earth Backfill
29. Sewage Sanitary Collection Lines, 10 Inch Diameter Main Only, Earth Backfill (See FollOWing Example)
30. Sewage Sanitary Collection Lines, 12 Inch Diameter Main Only, Earth Backfill
31. Sewage Sanitary Collection Lines, 15 Inch Diameter Main Only, Earth Backfill
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32. Sewage Sanitary Collection Lines, 18 Inch Diameter Main Only, Earth Backfill
33. Sewage Sanitary Collection Lines, 21 Inch Diameter Main Only, Earth Backfill
34. Sewage Sanitary Collection Lines, 24 Inch Diameter Main Only, Earth Backfill
35. Sewage Sanitary Collection Lines, 8 Inch Diameter Main Only, Gravel Backfill
36. Sewage Sanitary Collection Lines, 10 Inch Diameter Main Only, Gravel Backfill
37. Sewage Sanitary Collection Lines, 12 Inch Diameter Main Only, Gravel Backfill
38. Sewage Sanitary Collection Lines, 15 Inch Diameter Main Only, Gravel Backfill
39. Sewage Sanitary Collection Lines, 18 Inch Diameter Main Only, Gravel Backfill
40. Sewage Sanitary Collection Lines, 21 Inch Diameter Main Only, Gravel Backfill
41. Sewage Sanitary Collection Lines, 24 Inch Diameter Main Only, Gravel Backfill
42. Sewage Sanitary Interceptor Lines, Larger Than 24 Inch Diameter, Gravel Backfill
43. Sewage Treatment Plant
44. Site Grading, Allowable Slope 0 Percent
45. Site Grading, Allowable Slope 1 Percent
46. Site Grading, Allowable Slope 2 Percent
47. Site Grading, Allowable Slope 3 Percent
48. Site Grading, Allowable Slope 4 Percent
49. Site Grading, Allowable Slope 5 Percent
50. Site Grading, Allowable Slope 6 Percent
51. Site Grading, Allowable Slope 7 Percent (See Following Example)
52. Site Grading, Allowable Slope 8 Percent
53. Site Gradinj?;, Allowable Slope 9 Percent
54. Site Grading, Allowable Slope 10 Percent
55. Site Grading, Allowable Slope 11 Percent
56. Site Grading, Allowable Slope 12 Percent
57. Site Grading, Allowable Slope 13 Percent
58. Site Grading, Allowable Slope 14 Percent
59. Site Grading, Allowable Slope 15 Percent
60. Site Grading, Allowable Slope 16 Percent
61. Site Grading, Allowable Slope 17 Percent
62. Site Grading, Allowable Slope 18 Percent
63. Site Grading, Allowable Slope 19 Percent
64. Site Grading, Allowable Slope 20 Percent
65. Site Grading, Allowable Slope 21 Percent
66. Site Grading, Allowable Slope 22 Percent
67. Site Grading, Allowable Slope 23 Percent
68. Site Grading, Allowable Slope 24 Percent
69. Site Grading, Allowable Slope 25 Percent
70. Site Grading, Allowable Slope 26 Percent
71. Site Grading, Allowable Slope 27 Percent
72. Site Grading, Allowable Slope 28 Percent
73. Site Grading, Allowable Slope 29 Percent
74. Site Grading, Allowable Slope 30 Percent
75. Site Grading, Allowable Slope 31 Percent
76. Site Grading, Allowable Slope 32 Percent
77. Site Grading, Allowable Slope 33 Percent
78. Site Grading, Allowable Slope 34 Percent
79. Site Grading, Allowable Slope 35 Percent
80. Site Grading, Allowable Slope 36 Percent
81. Site Grading, Allowable Slope 37 Percent
82. Storm Sewer Collection Lines, 8 Inch Diameter Main Only, Earth Backfill
83. Storm Sewer Collection Lines, 10 Inch Diameter Main Only, Earth Backfill
84. Storm Sewer Collection Lines, 12 Inch Diameter Main Only, Earth Backfill
85. Storm Sewer Collection Lines, 15 Inch Diameter Main Only, Earth Backfill
86. Storm Sewer Collection Lines, 18 Inch Diameter Main Only, Earth Backfill
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87. Storm Sewer Collection Lines, 21 Inch Diameter Main Only, Earth Backfill
88. Storm Sewer Collection Lines, 24 Inch Diameter Main Only, Earth Backfill
89. Storm Sewer Collection Lines, 27 Inch Diameter Main Only, Earth Backfill
90. Storm Sewer Collection Lines, 30 Inch Diameter Main Only, Earth Backfill
91. Storm Sewer Collection Lines, 36 Inch Diameter Main Only, Earth Backfill
92. Storm Sewer Collection Lines, 42 Inch Diameter Main Only, Earth Backfill
93. Storm Sewer Collection Lines, 48 Inch Diameter Main Only, Earth Backfill
94. Storm Sewer Collection Lines, 54 Inch Diameter Main Only, Earth Backfill
95. Storm Sewer Collection Lines, 8 Inch Diameter Main Only, Gravel Backfill
96. Storm Sewer Collection Lines, 10 Inch Diameter Main Only, Gravel Backfill
97. Storm Sewer Collection Lines, 12 Inch Diameter Main Only, Gravel Backfill
98. Storm Sewer Collection Lines, 15 Inch Diameter Main Only, Gravel Backfill
99. Storm Sewer Collection Lines, 18 Inch Diameter Main Only, Gravel Backfill

100. Storm Sewer Collection Lines, 21 Inch Diameter Main Only, Gravel Backfill
101. Storm Sewer Collection Lines, 24 Inch Diameter Main Only, Gravel Backfill
102. Storm Sewer Collection Lines, 27 Inch Diameter Main Only, Gravel Backfill
103. Storm Sewer Collection Lines, 30 Inch Diameter Main Only, Gravel Backfill
104. Storm Sewer Collection Lines, 36 Inch Diameter Main Only, Gravel Backfill
105. Storm Sewer Collection Lines, 42 Inch Diameter Main Only, Gravel Backfill
106. Storm Sewer Collection Lines, 48 Inch Diameter Main Only, Gravel Backfill
107. Storm Sewer Collection Lines, 54 Inch Diameter Main Only, Gravel Backfill (See Following Example)
108. Storm Drainage Ditches, Surface
109. Telephone Transmission Lines
110. Thoroughfares, Rural Freeway 8 Lane
111. Thoroughfares, Rural Freeway 6 Lane
112. Thoroughfares, Rural Freeway and Expressway 4 Lane
113. Thoroughfares, Rural Standard Arterial (See Following Example)
114. Thoroughfares, Rural Collector Street
115. Thoroughfares, Rural Local Street
116. Thoroughfares, Urban Freeway 8 Lane
117. Thoroughfares, Urban Freeway 6 Lane
118. Thoroughfares, Urban Standard Arterial
119. Thoroughfares, Urban Collector Street
120. Thoroughfares, Urban Local Street
121. Thoroughfares, Urban Alley
122. Water Transmission Lines, 6 Inch Diameter Main Only, Separate
123. Water Transmission Lines, 8 Inch Diameter Main Only, Separate
124. Water Transmission Lines, 12 Inch Diameter Main Only, Separate
125. Water Transmission Lines, 16 Inch Diameter Main Only, Separate
126. Water Transmission Lines, 20 Inch Diameter Main Only, Separate (See Following Example)
127. Water Transmission Lines, 24 Inch Diameter Main Only, Separate
128. Water Transmission Lines, 30 Inch Diameter Main Only, Separate
129. Water Transmission Lines, 36 Inch Diameter Main Only, Separate
130. Water Transmission Lines, 42 Inch Diameter Main Only, Separate
131. Water Transmission Lines, 48 Inch Diameter Main Only, Separate
132. Water Transmission Lines, 54 Inch Diameter Main Only, Separate
133. Water Transmission Lines, 60 Inch Diameter Main Only, Separate
134. Water Transmission Lines, Hydrant Leads, Branches, Earth Backfill
135. Water Transmission Lines, Hydrant Leads
136. Water Transmission Lines, Hydrant Leads, Branches, Earth Backfill
137. Water Transmission Lines, Manholes Blowoff, 8 Inch Drain Pipe
138. Water Transmission Lines, Manholes, Inspection Used With 24 Inch Or Larger Mains
139. Water Transmission Lines, Manholes, Blowoff, 6 Inch Drain Pipe
140. Water Treatment Plant
141. Water Well
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FOUNDATIONS - RESIDENCES

Table VI-?

lAND USE DESIGN MODEL
CONSTRUCTION COSTS

MULTIPLY All FIGURES BY 10--2
$ PER ACREe

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TABLE

SLOPEd
lESS TN 2 2-5 MORE TN 5 lESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5
TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 7B.54 362.40 659.40 63.40 171.40 302.90 4B.47 107.40 166.20

FINE B 227.80 584.80 952.80 146.85 225.65 434.65 61.77 116.00 166.20

Cl 392.40 826.40 1258.40 239.40 284.90 570.90 90.35 126.40 166.20

GRAINED C2 426.60 853.40 1278.20 273.60 308.90 585.30 124.55 149.40 178.80

01 460.80 880.40 1298.00 307.80 332.90 599.70 158.75 173.10 191.40
SOILS. a D2 506.40 916.40 1324.40 353.40 365.90 618.90 204.35 204.40 208.20

E 592.40 984.40 1373.90 439.40 426.90 654.90 290.35 266.40 239.70

F 740.40 1101.40 1458.40 587.40 524.90 711.30 438.35 364.40 294.20

A 78.54 682.40 1296.40 63.40 415.40 793.90 48.47 107.40 166.20

COARSE B 227.80 984.80 1784.80 146.85 549.65 1079.65 61.17 116.00 166.20

Cl 392.40 306.40 2286.40 239.40 679.90 1364.90 90.35 126.40 166.20

GRAINED C2 426.60 333.40 2306.20 273.60 703.90 13 79.30 124.55 149.40 178.80

01 460.80 360.40 2326.00 307.80 727.90 1393.70 158.75 173.10 191.40
SOllSb D2 506.40 396.40 2352.40 353.40 160.90 1412.90 204.35 204.40 208.20

E 592.40 464.40 2401.90 439.40 821.90 1448.90 290.35 266.40 239.70

F 740.40 581.40 2486.40 587.40 919.90 1511.30 438.35 364.40 294.20

A 78.54 132.00 1410.90 63.40 565.00 1094.90 48.47 305.00 559.90

B 227.80 244.40 1903.30 146.85 724.25 1433.15 67.17 364.60 661.90

ORGANIC Cl 392.40 366.00 2404.90 239.40 889.50 1783.40 90.35 425.00 762.90

C2 426.60 406.00 2450.30 273.60 923.15 1816.50 124.55 456.50 791.70

SOILS Dl 460.80 446.00 2495.60 307.80 956.80 1849.60 158.75 488.00 820.60

02 506.40 498.50 2556.00 353.40 1001.50 1893.40 204.35 530.00 858.90

E 592.40 598.50 2669.90 439.40 1086.00 1916.40 290.35 609.00 930.90

F 740.40 771.00 2866.40 587.40 1232.00 2120.40 438.35 745.00 1055.90

A 48.47

B 67.17

Cl 90.35

BEDROCK C2 124.55

01 158.75

02 204.35

E 290.35

F 43B.35

a This texture subclass is based on the unified classifications of CL. Ch, and ML as described in SEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.

b This texture subclass is based on the unified classifications of GP. SM. GW, QM. SP. and SC as described in SEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.
C Costs are in Hundreds of Dollars per Acre of Building Coverage.

d Slope categories A, B, el, C2. Dl, D2. E, and F have average slopes of 1, 5. 8, 11. 15. 19, 26, and 30 percent respectively.

Source: SEWRPC.



LATERALS - SANITARY SEWERS

Table VI-20

LAND USE DESIGN MODEL
CONSTRUCTION COSTS

GRAVEL BACKF I LL
$ PER FOOT C

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TABLE

SLOPEd
LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5
TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO 8EDROCK TO 8EDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 27.08 23.14 19.20 23.70 18.64 13.58 23.70 IB.45 13.20

FINE 8 27.08 23.14 19.20 23.70 18.64 13.58 23.70 18.45 13.20

Cl 27.08 23.14 19.20 23.70 18.64 13.58 23.70 18.45 13.20

GRAINED C2 27.08 23.14 19.20 23.70 18.64 13.58 23.70 18.45 13.20

01 27 .08 23.14 19.20 23.70 18.64 13.58 23.70 18.45 13.20

SOILS
a

02 27.08 23.14 19.20 23.70 18.64 23.7013.58 18.45 13.20

E 27.08 23.14 19.20 23.70 18.64 13.58 23.70 18.45 13.20

F 27.08 23.14 19.20 23.70 18.64 13.58 23.70 18.45 13.20

A 27.08 25-39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

COARSE B 27.08 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

Cl 27.08 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

GRAINED C2 27.08 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

01 27.0B 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

SOILS b 02 27.08 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

E 27.08 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

F 27.08 25.39 23.70 23.70 21.45 19.20 23.70 20.33 16.95

A 27.08 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.70

8 27.08 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.70

ORGANIC Cl 27.08 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.70

C2 27.08 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.70

SOILS Dl 27.08 25.39 23.70 23.10 22.58 21.45 23.70 19.20 14.70

02 27.08 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.70

E 27.08 25.39 23.70 23.70 22.5B 21.45 23.70 19.20 14.70

F 27.08 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.70

a This texture subclass is based on the uni'fied classifications of eL, CH. and ML as described inSEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.
b This texture subclass is based on the unified classifications of GP. SM, aw, OM. SP, and SC as 'described in SEWRPc Planning Report No.8. Soils of Southeastern Wisconsin.

C Costs are in Dollars Per Lineal Foot.
d Slope categories A, B, Cl, e2, Dl, D2. E, and F have average slopes of 1,5.8,11, 15. 19, 26, and 3D' percent respectively.

Source: SEJ.rnPC.



RAILROAD MAIN LINE

Table VI-25

LAND USE DESIGN MODEL
CONSTRUCTION COSTS

$ PER fOOT C

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TABLE

SLOPE d
LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5
TO BEDROCK TO BEDROCK TO BEDROCK TO 8EDRoCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 20.38 20.30 20.22 20.3B 20.27 20.16 20.3B 20.26 20.14

FINE B 22.28 21.80 21.32 22.28 21.62 20.96 22.28 21.56 20.84

Cl 24.56 23.60 22.64 24.56 23.24 21.92 24.56 23.12 21.68

GRAINED C2 26.46 25.10 23.74 26.46 24.59 22.72 26.46 24.42 22.38

01 28.36 26.60 24.84 28.36 25.94 23.52 28.36 25.72 23.08

SOILS a 02 31.02 28.70 26.38 31.02 27.83 24.64 31.02 27.54 24.06

E 36.34 32.90 29.46 36.34 31.61 26.88 36.34 31.18 26.02

F 45.84 40.40 34.96 45.84 38.36 30.88 45.84 37.68 29.52

A 20.3B 20.30 20.22 20.38 20.27 20.16 20.38 20.26 20.14

ClJARSE B 22.28 21.80 21.32 22.28 21.62 20.96 22.28 21.56 20.84

Cl 24.56 23.60 22.64 24.56 23.24 21.92 24.56 23.12 21.68

GRAINED C2 26.46 25.10 23.74 26.46 24.59 22.72 26.46 24.42 22.38

01 28.36 26.60 24.84 28.36 25.94 23.52 28.36 25.72 23.08

sal LS b 02 31.02 28.70 26.38 31.02 27 .83 24.64 31.02 27.54 24.06

E 36.34 32.90 29.46 36.34 31.61 26.88 36.34 31.18 26.02

F 45.84 40.40 34.96 45.84 38.36 30.88 45.84 37.68 29.52

A 20.38 20.44 20.50 20.38 20.37 20.37 20.38 20.35 20.32

8 22.28 22.65 23.02 22.28 22.24 22.21 22.28 22.10 21.92

ORGANIC Cl 24.56 25.30 26.05 24.56 24.49 24.42 24.56 24.20 23.84

C2 26.46 21.51 28.57 26.46 26.36 26.26 26.46 25.95 25.44

SOILS Dl 28.36 29.72 :U.09 28.36 28.23 28.10 28.36 27.70 27.04

02 31.02 32.82 34.62 31.02 30.85 30.67 31.02 30.15 29.28

E 36.34 39.01 41.67 36.34 36.011 35.82 36.34 35.05 33.76

F 45.84 50.06 54.21 45.84 45.43 45.02 45.84 43.80 41.16

This texture subclass is based on the unified classifications of CL, CII. and ML as described in SEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.
This texture subclass is based on the unified classifications of GP, SM, GW, GM, SP, and SC as described in SEWRPC Planning Report No.8, Soils of Southeastern Wisconsin.

C Costs are in Dollar Per Lineal Foot.
d Slope categories A. B, Cl, C2, DI, D2, E, and F have average slopes of 1, 5,8, II, 15, 19, 26, and 30 percent respectively.

Source: SEWRPC.



Table VI-29

LAND USE DESIGN MODEL
CONSTRUCTION COSTS

SEWAGE SANITARY COLLECTION LINES 10 OIA MAIN ONLY EARTH BACKFILL
$ PER FOOT

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TABLE

LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5
SLOPE TO BEDROCK TO tlEOROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 21.10 17.82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

FINE B 21.10 17 .82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

Cl 21.10 17.82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

GRAINED C2 21.10 17.82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

01 21.10 17.B2 14.55 16.74 13.87 11.00 16.74 13.53 10.33

SOILS
a 02 21.10 17.82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

E 21.10 17.82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

F 21.10 17.82 14.55 16.74 13.87 11.00 16.74 13.53 10.33

A 21.10 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55

COARSE 8 21.10 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55

C1 21.10 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55

GRAINED C2 21.10 21.10 21.10 16.74 IB.92 21.10 16.74 15.64 14.55

01 21.10 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55
b

21.10SOILS 02 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55

E 21.10 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55

F 21.10 21.10 21.10 16.74 18.92 21.10 16.74 15.64 14.55

A 21.10 21.10 21.10 16.74 18.92 21.10 16.74 14.12 11.50

B 21.10 21.10 21.10 16.74 18.92 21.10 16.74 14.12 11.50

ORGANIC Cl 21.10 21.10 21.10 16.74 18.92 21.10 16.74 14.12 11.50

C2 21.10 21.10 21.10 16.74 18.92 21.10 16.74 14.12 11.50

SOILS 01 21.10 21.10 21.10 16.74 18.92 21.10 16.74 14.12 11.50

02 21.10 21.10 21.10 16.74 18.92 21.10 16.74 14.12 11.50

E 21.10 21.10 21.10 16.74 IB.92 21.10 16.74 14.12 11. 50

F 21.10 21.10 21.10 16.74 IB.92 21.10 16.74 14.12 11.50

8, This texture subclass is based on the unified classifications of eL. CH. and ML as described in SEJ.ffiPC Planning Report No.8, Soils of Southeastern Wisconsin.

b This texture subclass is based on the unified classifications of GP, SM, GW, GIl, SP, and SC as described in SEWRPC Planning Report No.8, Soils of Southeastern Wisconsin.

C Costs are in Dollars Per Lineal Foot.

d Slope categories A, H, Cl, e2, Dl, D2, E. and F have average slopes of 1,5,8, 11, 15, 19, 26, and 30 percent respectively.

Source: SEWRPC.



SITE GRADING ALLD~ABLE SLOPE 7PCT

Table VI-51

LAND USE DESIGN MODEL
CONSTRUCTION COSTS

MULTIPLY ALL FIGURES BY 10**1
$ PER ACRE c

LESS THAN 1 FT TO ~ATER TABLE 1 TO 5 FT TO ~ATER TABLE MORE THAN 5 FT TO lolA TER TABLE

SLOPEd
LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5 . LESS TN 2 2-5 MORE TN 5
TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A

FINE B

C1

GKAINED C2 342.00 270.00 198.00 342.00 243.00 144.00 342.00 234.00 126.00

01 684.00 540.00 396.00 6B4.00 486.00 288.00 684.00 468.00 252.00

SOILS a 02 1140.00 900.00 660.00 1140.00 810.00 480.00 1140.00 780.00 420.00

E 1995.00 1515.00 1155.00 1995.00 1411.50 840.00 1995.00 1365.00 135.00

F 3471.00 2745.00 2013.00 3417.00 2410.50 1464.00 3417.00 2379.00 1281.00

A

COARSE B

C1

GRAINED C2 342.00 210.00 198.00 342.00 243.00 144.00 342.00 234.00 126.00

01 684.00 540.00 396.00 684.00 486.00 288.00 684.00 468.00 252.00

SOILS 6 02 1140.00 900.00 660.00 1140.00 810.00 480.00 1140.00 180.00 420.00

E 1995.00 1515.00 1155.00 1995.00 1417.50 840.00 1995.00 1365.00 135.00

F 3417.00 2'745.00 2013.00 3417.00 2410.50 1464.00 3417.00 2379.00 1281.00

A

B

ORGANIC C1

C2 342.00 397.80 453.60 342.00 336.60 331.20 342.00 315.00 2B8.00

SOILS 01 684.00 795.60 907.20 684.00 673.20 662.40 684.00 630.00 576.00

02 1140.00 1326.00 1512.00 1140.00 1122.00 1104.00 1140.00 1050.00 960.00

E 1995.00 2320.50 2646.00 1995.00 1963.50 1932.00 1995.00 1837.50 16BO.00

F 3417.00 4044.30 4611.60 3417.00 3422.10 3367.20 3477.00 3202.50 2928.00

A

B

C1

BEDROCK C2 342.00

01 684.00

02 1140.00

E 1995.00

F 3477.00

: ~~~: :::;~~: :~:~~::: ~: ::::~:~ ;~: ~:~:~:~ ~~:::~~~;::~::::~~: ~~ ~:~ ~.a~p~e:~~i~~da~nd~~:::~e:l;:n;~p;~~n:~~g8~e::~~sN:~ :~u;~;;:t:~nS:~;~:::~:~n Wisconsin.
C Costs are in Tens of Dollars per Acre Graded.

d Slope categories A, B, Cl, C2, Dl, D2, E, and F have average slopes of 1, 5, 8, 11, 15, 19, 26, and 30 percent respectively,

Source: SEWRPC.



Table VI-I07

LAND USE DESIGN MOOEL
CONSTRUCTION COSTS

STORM SEWER COLLECTION LINES 54 DIA MAIN ONLY GRAVEL BACKFILL
$ PER. FOOT

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TABLE

SLOPE d
LESS TN 2 2-5 MORE TN 5 LE SS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5
TO BEDROCK TO BEIJROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 65.30 63.BO 62.30 61.30 56.BO 52.30 57.30 50.BO 44.30

FINE B 65.30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

Cl 65.30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

GRAINED C2 65.30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

01 65.30 63.80 62.30 61.30 56.80 52.30 57.30 50.BO 44.30

SOILS· 02 65-30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

E 65.30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

F 65.30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

A 65.30 65.BO 66.30 61.30 58.80 56.30 57.30 51.30 45.30

COARSE 8 65-30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

Cl 65.30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

GRAINED C2 65.30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

01 65.30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

SOILS
b

02 65.30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

E 65.30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

F 65.30 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

A 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

B 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 4B.30

ORGANIC Cl 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 4B.30

C2 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.BO 48.30

SOILS 01 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

02 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

E 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

F 65.30 71.80 78.30 61.30 61.80 62.30 57.30 52.80 4B.30

a This texture subclass is based on the unified classifications of CL. CH, and ML as described in SEWRPC Planning Report No.8. Soils of Southeast.ern Wisconsin.
b This texture subclass is based on the unified classifications of GP, SM. GW, GM. SP, and SC as described in SEM?PC Planning Report No.8. Soils of Southeastern Wisconsin.

C Costs are in Dollars Per Lineal Foot.
d Slope categories A, B, Cl, e2, DI, D2, E. and F have average slopes of I, 5. 8, 11, 15, 19, 26. and 30 percent respectively.

Source: SEWRPC.



Table VI-I 13
LAND USE DESIGN MODEL

CONSTRUCTION COSTS

THOROUGHFARES URBAN STANDARD ARTERIAL
$ PER FT ROW.

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TABLE

SLOPEd
LESS TN 2 2-5 MORE TN 5 LE SS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MORE TN 5
TO fll::DROCK 10 BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO HEDROCK TO BEDROCK TO BEDROCK

A 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22

FINE B 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22

Cl 52.27 52.26 52.25 52.27 52.25 52.24 52.27 52.25 52.24

GRAINED C2 52.31 52.29 52.27 52.31 52.29 52.26 52.31 52.28 52.25

01 52.36 52.33 52.30 52.36 52.32 52.28 52.36 52.31 52.27

SOILS
a

02 52.42 52.37 52.33 52.42 52.36 52.30 52.42 52.35 52.29

E 52.53 52.46 52.40 52.53 52.44 52.35 52.53 52.43 52.33

F 52.12 52.62 52.51 52.72 52.58 52.43 52.72 52.56 52.40

A 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22

COARSE B 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22

Cl 52.27 52.26 52.25 52.27 52.25 52.24 52.27 52.25 52.24

GRAINED C2 52.31 52.29 52.27 52.31 52.29 52.26 52.31 52.28 52.25

01 52.36 52.33 52.30 52.36 52.32 52.28 52.36 52.31 52.27

SOl LS b 02 52.42 52.37 52.33 52.42 52.36 52.30 52.42 52.35 52.29

E 52.53 52.46 52.40 52.53 52.44 52.35 52.53 52.43 52.33

F 52.72 52.62 52.51 52.72 52.58 52.43 52.72 52.56 52.40

A 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22

B 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22 52.22

ORGANIC Cl 52.27 52.27 52.28 52.27 52.26 52.26 52.27 52.26 52.26

C2 52.31 52.32 52.34 52.31 52.31 52.31 52.31 52.30 52.30

SOILS 01 52.36 52.3B 52.40 52.36 52.35 52.35 52.36 52.34 52.33

02 52.42 52.45 52.48 52.42 52.41 52.41 52.42 52.40 52.38

E 52.53 52.58 52.63 52.53 52.• 52 52.52 52.53 52.50 52.48

F 52.72 52.BO 52.89 52.72 52.71 52.71 52.72 52.68 52.64

A 52.22

B 52.22

Cl 52.27

BEDROCK C2 52.31

01 52.36

02 52.42

E 52.53

F 52.72

a This texture subclass is based on the unified classifications of CL, CH, and ML as described in SEWRPc Planning Report No.8, Soils of Southeastern Wisconsin.

b This texture subclass is based on the unified classifications of GP, SM, OW. GM. SP. and SC as described in SEWRPC Planning Report No.8, Soils of Southeastern Wisconsin.

c Costs are in Dollar Per Lineal Foot.
d Slope categories A, E, C1, CZ, D1, D2, E, and F have average slopes of 1, 5, 8, 11. 15, 19, 26. and 30 percent respectively.

Source: SEWRPC.



Table VI-126
LAND USE DESIGN MODEL

CONSTRUCTION COSTS

WATER TRANS LINES 20 IN DIA MAIN ONLY -SEPARATE
$ PER FOOT

LESS THAN 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATEK TABLE

d LESS TN 2 2-5 ~10RE TN 5 LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 MOKE TN 5
SLOPE TO BEDROCK 10 BEDROCK TO BFDROCK TO BEDROCK TO BELJROCK TLJ BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 42.74 36.57 30.40 37 .45 29.52 21.59 37.45 29.23 21.00

FINE B 42.74 36.57 30.40 37.45 29.52 21.59 37.45 29.23 21.00

Cl 42.74 36.57 30.40 37.45 29.52 21. 5~ 37.45 29.23 21.00

GKAINED C2 42.14 36.57 30.40 31.45 29.52 21.59 37.45 29.23 21.00

01 42.74 36.57 30.40 37 .45 29.52 21.59 37.45 29.23 21. 00

SOILS,a 02 42.74 36.57 30.40 31.45 29.52 21.59 37.45 29.23 21.00

E 42.74 36.57 30.40 37.45 29.52 21.59 37.45 29.23 21.00

F 42.74 36.57 30.40 37.45 29.52 21.59 37.45 29.23 21.00

A 42.74 40.10 37.45 37.45 33.93 30.40 37.45 32.16 26.88

COARSE B 42.74 40.10 37.45 37.45 33.93 30.40 37.45 32.16 26.88

Cl 42.74 40.10 37.45 37.45 33.93 30.40 37.45 32.16 26.88

GRAINED C2 42.74 40.10 37.45 37.45 33.93 30.40 37.45 32.16 26.88

01 42.74 40.10 37.45 37.45 33.93 30.40 37.45 32.16 2".88

SOILS
b

02 42.74 40.10 37.45 37.45 33.93 30.40 37 .45 32.16 26.88

I' 42.74 40.10 37 .45 37.45 33.93 30.40 37 .45 32.16 26.88

F 42.74 40.10 37.45 3' .45 33.93 30.40 37.45 32.16 26.8B

A 42.74 40.10 37.45 37.45 35.69 33.93 37.45 30.40 23.35

B 42.74 40.10 37.45 37 .45 35.69 33.93 37 .45 30.40 23.35

ORGANIC CI 42.74 40.10 37.45 37 .45 35.69 33.93 37.45 30.40 23.35

C2 42.74 40.10 37 .45 37.45 35.69 33.93 37.45 30.40 23.35

SOILS 01 42.74 40.10 37.45 37.45 35.69 33.93 37.45 30.40 23.35

D2 42.74 40.10 37 .45 37.45 35.69 33.93 37.45 30.40 23.35

E 42.74 40.10 37.45 37 .45 35.69 33.93 37.45 30.40 23.35

F 42.74 40.10 37.45 37.45 35.69 33.93 37 .45 30.40 23.35

a This texture subclass is based on the unified classifications of~, CH. and ML as described in SElmPC Planning Report No.8, Soils of Southeastern,Wisconsin.

This texture subclass is based on the unified classifications of GP, SM, GW, GM, SP, and SC as described in SEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.

C Costs are in Dollars Per Lineal Foot.

d Slope categories A, B. CI. C2. DI, D2. E. and F have average slopes of 1, 5,8. 11, 15. 19, 26, and 30 percent respectively.

Source; SEWRPC.
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