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WAUKESHA. WISCONSIN S3186

SOUTHEASTERN
916 NO. EAST AVENUE

WISCONSIN
•

REGIONAL PLANNIN
•

October 30, 1969

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 mathematical model which could
be used to design land use plans which would meet stated development objectives at a minimum cost. This emphasis
on plan design was unusual, since mathematical model development efforts in the area of land use planning had, up
until that time, been directed primarily 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 was to be accomplished in three phases, with the results of
each phase being reviewed upon completion of that phase and a decision being made by the U. S. Department of
Housing and Urban Development as to whether or not to pursue the next phase of the research program. The first
phase was directed' at a review of the literature on land use models, the development of the design model concepts
previously advanced by the Regional Planning Commission 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 was completed on December 7, 1967, and
was documented in SEWRPC Technical Report No.8, A Land Use Plan Design Model, Volume 1, Model Development,
published in January 1968. Since the results of the first phase were encouraging, it was decided to proceed with the
second phase.

The second phase of the work was directed at refinement of the model, with particular attention to more specifically
defining the input data requirements, developing a computer program for the efficient reduction of input data, and
improving the mathematical structure of the model itself. In addition, the refined model was to be tested for
internal consistency and workability and applied to develop a land use plan for an actual urban region. This model
generated land use plan was to be compared with a land use plan developed for the same urban region by more con
ventional graphic and analytical land use planning techniques.

The second phase of the model development program was completed on October 12, 1969, and is documented in this
report. The application of the land use plan design model to the preparation of a land use plan for southeastern
Wisconsin, as described herein, indicates that the model can produce land use plans that are reasonable and, with
certain refinements, can be developed into a flexible and useful planning tool capable of application at both the
regional and community levels.

Remaining to be done in the third phase are the full development and test of the new land use plan design model
algorithm proposed in this report for the model placement routine and the development of a necessary user's manual.

Respectfully submitted,

~
Executive Director
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Chapter I

INTRODUCTION

This volume is the second of a series reporting on an urban planning research and demonstration project
(Project No. Wis. PD-l) sponsored by the U. S. Department of Housing and Urban Development and con
ducted by the Southeastern Wisconsin Regional Planning Commission for the purpose of developing a land
use plan design model. The first volume of this series, entitled Model Development, described the results
of Phase I of the research and demonstration project. This first phase consisted of a review of the litera
ture on land use design models, the development of design model concepts, the conversion of these con
cepts into the workable form of a computer program, the identification of model input data requirements
and means of satisfying these requirements, and the application of the model to a local area as a pilot test
to demonstrate the internal consistency and workability of the model in its computer program form.

This volume, entitled Model Test, is a report on Phase II of the research and demonstration project. This
second phase consisted of a further demonstration of the conceptual soundness and internal consistency of
the model and the practicality of its application, as well as of a further refinement of the model itself. The
practicality of the model was demonstrated through its application to the design of a land use plan for the
seven-county Southeastern Wisconsin Region and a comparison of the results of this model design to a land
use plan prepared for the Region by more conventional graphic and analytic techniques.

REVIEW OF THE DESIGN MODE L CONCEPTS

As already noted, the basic purpose of the demonstration project is to develop a mathematical model to
aid planners in the synthesis of, that is, the design of, community and regional land use plans. The land
use plan design model is to function as an optimization model, not a forecasting model, its function being
to prescribe the best land use plan which can be designed to meet stated development objectives and not to
forecast future land use development that would occur with or without a land use planning effort.

Any design optimization of a system must meet the following conditions:

1. The way in which the variables of the system interact, as well as the variables themselves, must
be defined.

2. A single measure of effectiveness must be determined and a set of constraints on the design solu
tion must be specified.

3. An optimization procedure to search for the best plan satisfying the measure of effectiveness
within the prescribed constraints must be formulated.

The variables defined in the land use plan design model were:

1. A set of areal cells with various locational, topographic, and soil characteristics.

2. A set of land use modules with various spatial and functional characteristics.

The interrelationships of these variables were defined as follows:

1. The modules were related to cells by module site development costs, which vary with soil
characteristics.

2. The modules were interconnected by transportation, communication, and service linkages as nec
essary for the functioning of the modules.



The measure of effectiveness of the land use plan design model and the constraints on the design solution
were specified as follows:

1. The measure of effectiveness was the minimization of total development and operational costs.
These costs reflect the two types of relationships described above in that development or site costs
reflect the relationship of modules to cells; that is, to the land; and the operational or linkage costs
reflect the interrelationship of the modules.

2. The constraints define relationships desired in the final plan design. These constraints are of two
types. They include allocation and linkage constraints designating the number of modules of each
type in relation to the number of modules of all other types and indicating the required linkages
between modules and resource conservation, spatial accessibility, and spatial compatibility con
straints designating undesirable usage of certain types of land by certain types of modules, and
spatial distance requirements between modules. The allocation and linkage constraints are
expressed as input data for the model. The resource conservation, spatial accessibility, and
spatial compatibility constraints are represented in the model by "dummy" site and linkage costs. 1

The optimization procedure used in the land use plan design model involves the assignment of modules to
areal cells as a result of a series of binary decisions. The model operation is initiated with a random
placement of modules in the two halves of the divided design area. From this starting point model opera
tion attempts to improve the initial placement of modules by transferring individual modules to the other
half of the design area so as to minimize the combination of site costs and linkage costs. This process
continues until no improved situation can be found by moving a single module from one half of the design
area to the other. In the next phase of model operation, a second set of divisions is synthesized from the
halves of the first division, each of the original halves now becoming a complete design area. Each
module is then assigned to one of the halves resulting from the second division according to the process
followed after the first division. No module assigned to a half following a division can ever be reassigned
to the other half following a later division. Thus, the design area is sequentially divided in half, each
half becoming a new design area, and then divided again and again with modules being assigned tb halves
following each division. The result is the placement of modules in areal cells such that site and linkage
costs are minimized within the restrictions imposed by the design constraints.

Progress Report on Phase IT
The primary purpose of Phase IT of the demonstration project is to provide an evaluation of the utility of
the design model as a planning tool by applying the model to the Southeastern Wisconsin Region. This
application involved several major work activities:

1. The measuring and coding of soil characteristics by quarter section and watershed boundaries for
the seven-county Region in order to prOVide the basis for determining the cost input parameters
to the model. This work activity is discussed in Chapter II of this volume.

2. Investigation of data acquisition and information retrieval requirements for operational use of
the urban design system in urban planning applications. This work activity is also discussed in
Chapter IT of this volume.

3. The preparation of auxiliary computer programs to convert forecast variables, such as population
and employment, directly into module inputs for the model. This work activity allows package use
of the model by planners utilizing the typical module definitions and design standards formulated
in the project.

1 See Volume 1, Chapter VI, for a discussion of "dummy" costs.

2



4. Application of the model to the Southeastern Wisconsin Region. This work activity is discussed in
Chapter IV of this volume.

5. Test and evaluation of the sensitivity of the model to imputed objectives, design standards, and
cost functions. This work activity is also discussed in Chapter IV of this volume.

The remaining chapters of this volume report the results of the Phase II program of the demonstration
project. In Chapter II the input information requirements of the model are defined, and the data reduction
program package is described. Chapter III considers improvements in the Land Use Plan Design Model
Program made during Phase II of the project. The application of the model to the Southeastern Wisconsin
Region is described in Chapter IV, and Chapter V concludes with a brief discussion of the work activities
to be carried out in Phase III of the demonstration project.

3
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Chapter II

INFORMATION REQUIREMENTS AND DATA REDUCTION OPERATIONS

MODE L INFORMATION REQUffiEMENTS

The information required as model input data in order to implement the land use plan design model can be
grouped into five general categories: module data, soils data, cost data, division sequence data, and con
nectivity price data. An additional class of data, that pertaining to initial conditions, is optional as input
for implementation of the model.

Module Data
Module data specify the number of each module type to be located by the design model, the area require
ments of each module type, and the linkage requirements of each module type. These are derived from
population and economic forecasts by means of a transformation matrix relating directly to the design
standards developed for each type of module. The design standards specify the number of some types of
modules required per unit of population or economic activity and the numeric relation between these pri
mary modules and other modules. To facilitate this transformation process, auxiliary computer programs
converting forecast variables directly into module inputs for the model have been prepared, based on
typical module definitions formulated in Phase I and on the SEWRPC design standards.

Soils Data
The soils data identify the various soil types and their geographic distribution in the planning area. This
identification and classification should be based upon those soil characteristics which significantly affect
land development: soil texture, depth to water table, depth to bedrock, and slope. A classification matrix
of this sort is illustrated in Table 1. Also included in the soils data is the area of each cell (in acres)
covered by each soil type.

Cost Data
Cost data enter the design model in two forms: as site development costs and as linkage costs. Site
development costs, the costs of constructing all facilities and necessary associated service utility lines
internal to a particular module type, are derived according to the concept that at any given time construc
tion costs will vary only with soil characteristics and conditions. Thus, only those elements of each
facility with costs relating to soil types need be priced.

Linkage costs enter the model primarily in the form of a connectivity matrix. This matrix gives connec
tivity values (linkage costs) for connecting each module with all other modules, the values being normal
ized on a range of 1 to 99. It is through these connectivity values that dummy linkage costs reflecting
spatial design standards are represented in the input data. Since linkages are modules in themselves,
however, linkage costs also include costs of construction, the linkage site development costs, and the
costs of operating the linkages.

Division Sequence Data
As a result of successive divisions, each module is placed in a cell. This process, the division sequence,
requires a previous definition of the location of each cell relative to each division. For areas of uniform
topography, the selected division sequence may be uniform; but for areas of nonuniform topography or
major facility links, such as freeways, a division sequence which considers these natural or man-made
boundaries may be of benefit. The planner has the option of selecting the division sequence, but for any
sequence the location of each cell relative to each successive division must be supplied as input data in
the form of a division cell list.

5



Table I

SOIL CATEGORY RELATIONSHIP MATRIX

Unified Less Than 1 ft. To Water Table I ft. To S ft. To Water Table S ft. And Over To Water Table

So; I Less than 2ft. -Sft. Sft. and Less than 2ft. -Sft. Sft. and Less than 2ft. -S ft. Sft. and
Clani- Slope 2ft. to to over to 2ft. to to over to 2ft. to to ove r to
fication Group" Bedrock Bedrock Bedrock Bedrock Be drock Bedrock Bedrock Bedrock Bedrock

A
11111> 1231 1311 1321 13311121 1131 1211 1221

B

Fine C,

C2 1112 1122 1132 121.2 1222 1232 13£2 1322 1332
Grained 0 1

Soi I s D2

E 1113 1123 1133 1213 1223 1233 1313 1323 1333

F

A
2131 2211 2221 2231 2311 2321 23312111 2121

B

Coarse CI

C2 2112 2122 2132 2212 2222 2232 2312 2322 2332
Grained DI

Sol I s D2

E 2113 2123 2133 2213 2223 2233 2313 2323 2333

F

A
3111 3121 3131 3211 3221 3231 3311 3321 3331

B

CI
Organic

C2 3112 3122 3132 3212 3222 3232 3312 3322 3332

D,
So i fa

D2

E 3113 3123 3133 3213 3223 3233 3313 3323 3333

F

A --- --- --- --- ~311 --- ------ ---
B

CI

C2 --- --- --- --- --- --- 11312 --- ---
Bedrock

DI

D2

E --- --- --- --- --- --- ~313 --- ---
F

a
The percent avera,e slope for each slope ,roup is as follows: A equals 0;5 percent, B equals 3.5 percent. C1' equals 7 percent. C2 equals
10 percent, D1 equals 13 percent. D2 equals 17 percent. E equals 24.5 percent. F equals 37.5 percent.

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

Source: SEWRPC•.

Connectivity Price Data
Connectivity prices for each division need to be provided as input data in order to allow for any unusual
natural or artificial land features that would increase linkage costs between particular cells as the result
of a division. The total linkage cost between any two modules after a division is then determined by mul
tiplying the appropriate value given in the connectivity matrix by the connectivity price for that division.

6



Optional Data
Other data which are optional for input, depending on the purpose of the model run, are those pertaining
to initial conditions of development in the planning area. In hypothetical situations or for instruction pur
poses, it may be desirable for the model to start from a situation of entirely undeveloped land. For prac
tical planning application, however, it is necessary to start from an existing land use pattern. These
initial conditions, then, may be included as input data.

DATA REDUCTION PROGRAMS

The user supplied input data described in the previous section must be developed into data files for use in
the design model. This is done by means of a four-phase data reduction program. The detailed formats
of the input, output, and file structure of the data reduction program package are shown in Tables 2, 3,
and 4, respectively.

Phase 1 of the data reduction program develops the module site cost file, which shows the cost of develop
ment of each module in each cell. The data inputs for this phase are:

Soils Data

User Soil Inventory

Geographic Unit Cell Assignment

Code

URll

UR12

Origin

User

User

Required

Yes

Yes

Tabl e 2
DATA REDUCTION PROGRAM INPUT

Input Data Code Orig in Required

I. User Soil Inventory UR II User Yes
2. Geograph it Unit Cell Assignment UR 12 User Yes
3. Soil Code Cross Reference UR 13 User Yes
~. Slope Code Cross Reference UR I~ User Yes

5. Element Site Cost Table SR21 Suppl ied Yes
6. Element Site Cost Adjustments UR21 User No
7. Module Element Requirements UR22 User Yes

8. Accessibil ity Annuity Factors UR3P User No
9. Trip Interchanges Between Modules UR30 User No

10. Incremental Cost of Linkage UR31 User Yes
1/. Module Linkage Requirements

(Internal Length) lIR32 User Yes
12. Modul e Span UR33 User Yes

13. Division Cell List URI7 User Yes
I~. Division Connectivity Price 05 User Yes
15. Number of Module Types in Probl em 06 User Yes
16. Module Requirements 07 User Yes
17. Linkage Requirements 08 User Yes
18. Initial Linkage Cost 09 User Yes
19. Initial Conditions 00 User No

Source: SEWRPC.
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Table 3

DATA REDUCTION PROGRAM OUTPUT

I. General Information File - ~ Records

a. I. Division number = I
2. Number of divisions in problem
3. Number of module types in problem
~. Number of 1inkage types in problem

b. Array of area requi rements of each module.

c. Array of number of each module type in problem.

d. Array of cost per foot of each 1 inkage type.

2. Linkage Cost File - 90 Records-I per Module

Array of cost to 1 ink this module to all other modules

3. Module Site Cost File - 90 Records- I per Module

Array of cost to build this module in each cell

~. Division Description File - 175 Records- I per Division

I. Division number
2. Price
3. Division parent
~. Parent half
5. Number of cell s this division
6. Distance
7. Number of cells in test
8. Number of cell s in nontest
9. Done switch = 0

5. Cell Inventory File-3oo Records- 2 per Division

a. Test cell inventory (Array of area of cells present in test)

b. Nontest cell inventory (ArrIiY of areas of cell s in nontest)

6. Total PI acement Fi 1ea
175 Records- I per Division-

a. An array showi ng the number of each module type in test

b. An array showing the number of each module type in nontest

7. Linkage Requirements File - 90 Records- I per Module

An array of 30 entries. Zero indicates this 1 inkage not required for this module. One indicates this
linkage is required.

8. Module Placement Filea - 180 Records-2 per Module Type

a. An array showing the number of this module type placed in each cell in test.

b. An array showing the number of this module type placed in each cell of nontest.

9. Initial Conditions File - 90 Records- I per Module

An array of ~35 entries showing the number of each module type present in each cell.
a
Data Reduction sets this file to zeros.

Sou rce: SEWRPC.
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Table ~

DATA REDUCTION PROGRAM DATA FILES

Fi I e Number of Record Records Number of Extent

XX Records Size Per Track Tracks Track Number

I. Fi I e O~ ~ 360 8 1 10 I

2. Fi I e 05 90 36~ 8 12 20 20

3. File 07 90 IHO 2 ~5 110 50

~. Fil e 08 175 36 37 5 90 10

5. Fi Ie 09 350 17110 2 175 100 180

6. Fi I e 10 175 360 8 22 280 30

7. File II 90 120 19 5 310 10

8. Fi I e 12 180 IHO 2 90 320 90

9. Fi Ie 00 90 Ino 2 ~5 ~IO 50

Source: SEWRPC.

Soil Code Cross Reference

Slope Code Cross Reference

Cost Data

Element Site Cost Table

Element Site Cost Adjustments

Module Element Requirements

UR13

UR14

SR21

UR21

UR22

User

User

Supplied 1

User

User

Yes

Yes

Yes

No

Yes

The first step in developing the module site cost file is to produce an index of the amount of each soil type
in each cell. Module costs on each soil category are then developed by applying module element require
ments to a supplied element cost table. The module site cost file is derived by applying the index of soils
present in a cell to the module soil cost array. A by-product of this procedure is a file giving the area of
each cell for use in Phase 2. The detailed input data format for Phase 1 is given in Table 5, and the
operations procedure and flow chart are given in Table 6 and Figure 1, respectively.

Phase 2 of the data reduction program develops the cell inventory file. The data inputs for this step are:

Division Cell List

Area of Cells

Code

UR17

Origin

User

Phase 1

Required

Yes

Yes

1 A procedure is included by which the user can modify the supplied element site cost table.

9



Table 5
DATE REDUCTION PROGR~ INPUT

PHASE I

REQU I RED INPUT:

I. User Soil Inventory Data Cards (or Tape-Card Image Blocked 20)

cols 1-20 User Geographic Unit
21-30 User Soil Identification
31-35 User Slope Identification
36-~5 Area of this Soil Type within this Geographic Unit

2. Geographic Unit Cell Cross Reference Cards

cols 1-20 User Geographic Unit
21-25 Cell to which this Geographic Unit is to be Assigned

3. Soil Cross Reference Cards

col s 1-10 User Soil Identification
II Texture of this Soil

I = Fine Grained Soils
2 = Coarse Grai ned So i1s
3 = Organic Soils
ij = Bedrock

12 Depth to Water Table for this Soil
I = less than I Foot
2 = I to 5 Feet
3 = More than 5 Feet

13 Depth to Bedrock for th is Soil
I = Less than I Foot
2 = I to 5 Feet
3 = More than 5 Feet

ij. Slope Cross Reference Cards (50 Cards)

cols 1-5 User Slope Identification
6 Slope Code

I = 0- 2%
2 = 3- 6%
3 = 7- 9%
ij = 10-12%
5 = 13-16%
6 = 17-20%
7 = 21-30%
B=30+%

5. Module Construction Cards

col s 1- 5 Modul e Number
6- B Element Number
9-IB Units of this Element Required to Construct this Module

6. Division Cell List

cols 3 Division Half
6-10 Cell Number

11-15 Division Number

10



TabI e 5 (contin ued)

DATA REDUCTION PROGRAM INPUT
PHASE I

OPTIONAL INPUT:

I. Factor Cards to Adjust Supplied Element Cost Tables

cols 1- 3 Element Number
~ Operation

x = Multiply
+ = Add

5., I~ Factor to be Appl ied to Every Entry in Table

SUPPLI ED INPUT:

I. El ement Cost Tabl e (Tape)

El ement Number
Descript ion
Cost of Element on Each of the 22~ Soil Types

Source: SEWRPC.

Table 6

DATA REDUCTION PROGRAM OPERATIONS PROCEDURE

PHASE I

OPERATIONS PROCEDURE:

I. Load User So i I I nventory on Tape

a. Program DRIOI-Util ity Card to Tape
b. URI I Cards in Card Reader
c. Output URI I File on 181 a

2. Sort URII File by User Soil Identification

a. Program DR 102
b. Input URI I Tape File on 181
c. Work Area (Vol IIIIII-dos work pack) on 191
d. Output Sorted URII on 180

3. Load User Soil Cross Reference List on Tape

a. Program DRI03
b. URI3 Cards in Card Reader
c. Output URI3 File on 180

~. Sort URI3 File by User Soil Identification

a. Program DRIO~

b. Input URI3 File on ISO
c. Work Area (Vol IIIIII-dos work pack) on 191
d. Output Sorted URI3 on 181

5. Generate Soil Index Number

a. Program DRI05
b. Input

I. URll Sorted by User Soil Identification on 180
2. URI3 Sorted by User Soil Identification on 181
3. URI ~ (User Slope Cross Reference Table) in Card Reader

c. Output IROI (Intermediate Soil Inventory) on 191 (Vol IIIIII-dos work)

11



Tab I e 6 (co ntin ued )

DATA REDUCTION PROGRAM OPERATIONS PROCEDURE
PHASE I

6. Sort IROI by User Geographic Unit

a. Program DRI06
b. Input IROI on 191
c. Work Area (Vol IIIIII-dos work) on 192
d. Output Sorted I RO I on 191

7. Load User Geographic Unit Cross Reference File on Tape

a. Program DRIOI
b. Input UR 12
c. Output URI2 Tape File on 181

8. Sort URI2 File by User Geographic Unit

a. Program DRI07
b. Input URl2 File on 181
c. Work Area (Vol IIIIII-dos work) on 191
d. Output Sorted lIR 12 on 180

9. Insert Cell Number in Soil Inventory

a. Program DR 108
b. Input

I. IROI-lntermediate Soil Inventory-on 191
2. User Geographic Unit Cross Reference Table on 180

c. Output IR02 Intermediate Soil Inventory on 192 (cyl 101-198)

10. Sort IR02 by Soil Index Number within Cell Number

a. Prog ram DR 109
b. Input IR02 on 192 (cyl 101-198)
c. Work area on 191
d. Output IR02 on 192 (cyl 001-098)

II. Develop Percent of Each Soil in Each Cell

a. Program DR 110
b. I nput I R02 by Cell by Soi I Index
c. Output

I. percent of Each So iIi n Each Cell
2. Total Area of Each Cel I (Used in Phase II)

12. Develop Module Site (Soil) Cost

a. Program DR203
b. Input

I. Module Requirements (UR22)
2. Element Cost Table

c. Output Module Soil Cost Table

13. Develop Module Site Cost (Average Cell Placement Cost)

a. Program DR III
b. Input

I. Module Soil Cost Table
2. Percent of Each Soil in Each Cell

c. Output Model File 07-Module Cost in Each Cel I

aFormat of URll tape file is URII card image blocked 20. If user chooses he can reformat his existing soil

inventory to the URII tape format and enter procedure at this point.

Source: SEWRPC.
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Figure I
DATA REDUCTION PROGRAM FLOW CHART

PHASE I
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DR 202
LI ST COST

TABLE

LiST OF
COST TABLE

(OPTIONAL)

DR 201
FACTOR COST

TABLE

UR 21
FACTOR CARDS

DR 110
DEVELOP
PERCENT

Figure I (continued)
DATA REDUCTION PROGRAM FLOW CHART

PHASE I

DRill
DEVELOP

MODULE SITE
COST

DR 203
DEVELOP

MODULE SITE
COST

Source: SEWRPC.

The inventory is generated by applying the division cell list to the cell areas developed in Phase 1, thus
giving an inventory of all areas after each division.

The detailed inputs and operations procedure for Phase 2 are given in Tables 7 and 8, respectively; and
the flow chart is given in Figure 2.

Table 7

DATA REDUCTION PROGRAM INPUT

PHASE 2

REQUIRED INPUT:

i. Division Cell List

co Is 3
6-10

11-15

Division Half
Cell Number
Division Number

2. Area of Cells-Supplied from Phase

Source: SEWRPC.
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Table 8
DATA REDUCTION PROGRAM OPERATIONS PROCEDURE

PHASE 2

OPERATIONS PROCEDU RE:

I. Create Model Input File 09-Cell Inventories

a. Program DR210
b. Input

I. Division Cell List
2. Cell Areas

c. Output Model Input File 09

Source: SEWRPC.

Figure 2
DATA REDUCTION PROGRAM FLOW CHART

PHASE 2

PHASEJ-----------to-l
I

DIVISION
CELL LIST

Source: SEWRPC.

DR 40
DEVELOP
DIVISION

INVENTORIES

Phase 3 of the data reduction program produces the linkage cost file giving the incremental cost to link
each module type to every other module type. The data inputs for this phase are:

Cost Data Code Origin Required

Incremental Cost of Linkage UR31 User Yes

Module Linkage Requirements
(Internal Length) UR32 User Yes

Module Span UR33 User Yes

Accessibility Annuity Factors UR3P User No

Trip Interchanges Between Modules UR30 User No

In developing the file, the incremental cost per foot of a linkage is multiplied by the length of the linkage
required in each module, thus giving the total incremental cost of linkage within each module. The total
incremental cost of linkage is then expanded for all linkages in any two modules and is divided by the total
span of the same two modules. An optional linkage (accessibility), developed by applying the present value
of trip interchange over a given term to the number of annual trips between modules, can also be included
in the linkages.

The detailed inputs and operations procedure for this phase are given in Tables 9 and 10, respectively;
and the flow chart is given in Figure 3.

15



Tabl e 9
DATA REDUCTION PROGRAM INPUT

PHASE 3

REQUIRED INPUT:

I. I ncremental cost per foot of linkage

cols 1- 3
9-18

Linkage Type Number
Incremental Cost Per Foot of Linkage

2. Length of Linkage Required Internal to a Module(Distance of Separation for Accessibil ity)

col s 1- 3 Linkage Type Number
~- 8 Module Number
9-18 Length of this Linkage Required by this Module

3. Span of Module

cols ~- 8 Module Number
9-18 Distance to Span this Module

OPTIONAL INPUT: a

I. Annu i ty Parameters

col s 1- 2 Term of Annu ity
3- 6 Interest Rate (xx.xx Percent)
7-15 Cost Per Mil e Per Trip

2. Annual Number of Trips Between Modules

cols 1- 3 Linkage Type Number
~- 8 From Module Number
9-13 To Module Number
1~-23 Annual Number of Trips

aUsed to develop accessibility cost per foot of separation as the present value of the number of foot trips at a

given rate over a term.

Source: SEWRPC.

Table 10

DATA REDUCTION PROGRAM OPERATIONS PROCEDURE

PHASE 3

OPERATIONS PROCEDURE:

I. LoadUR32 File on Tape

a. Program DR301
b. Input UR32 File in Card Reader
c. Output UR32 File on Tape Drive 180

2. SortUR32 File by Linkage

a. Program DR302
b. Input UR32 File on 180
c. Work Area 191 cyl 180 to 195
d. Output UR32 File on Tape Drive 181

16



Table 10 (continued)

DATA REDUCTION PROGRAM OPERATIONS PROCEDURE
PHASE 3

3. Develop Total Incremental Cost of Linkage within a Module

a. Program DR303
b. Input

I. Sorted UR32 File on Tape Drive 181
2. UR31 Cards by Linkage in Card Reader
3. Outp ut IR31 Fi Ie (Total Incremental Cost) on Tape Dr ive 180

~. Sort IR31 by Modu Ie

a. Prog ram DR30~

b. Input IR31 on Drive 180
c. Work Area on 190 cyl 001 to 197
d. Output IR31 on Drive 181

5. Explode Total Cost of Linkage Over All Combinations of Modules

a. Program DR305
b. Input IR31 by Module
c. Output IR32 (Total Incremental Cost of Linking) on Disk

6. Explode Span of Modules Over Any Two Modules

a. Program DR306
b. Input UR33 Cards in Card Reade r
c. Output IR33 (Span Table) on Tape 180

7. Determine Accessibil ity Cost Per Foot (Optional)

a. Prog ram DR307
b. Input

I. UR3P Annuity Parameters in Card Reader
2. UR30 Trip Interchanges between Modules

c. Output IR3~ Cost Cards

8. Calculate Total Incremental Cost Per Foot of Linking

a. Program DR308
b. Input

J. IR32 Total Incremental Cost of Linking
2. IR33 Span of Modules
3. IR3~ Accessibility Cost Per Foot (Optional)

c. Output
I. List of Incremental Cost on Printer
2. High Cost in Table on Printer
3. Incremental Cost Table on Disk
~. High Cost in Table on Disk

9. Develop Model Filerr

a. Program DR~~

b. Input Incremental Cost Table
c • 0utp ut Mod elF i Ie II

Source: SEWRPC.
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DR 306
EXPLODE TO
SPAN TO ANY
2 MODULES

DR 301
CARD TO TAPE

DR 302
SORT BY
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DEVELOP
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EXPLODE
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COMBINATIONS

Figure 3
DATA REDUCTION PROGRAM FLOW CHART

PHASE 3

DR 308
CALC. INCR.

COST

DR 404
CONVERT TO
REGIONAL I

FILE

Source: SEWRPC.
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Phase 4 of the data reduction program transfers model run parameters to disk in a form acceptable to the
design model program. ill this phase the general information file, the division description file, the linkage
requirements file, and the initial conditions file are prepared from the following input data:

Module Data Code Origin Required

Number of Module Types in Problem 06 User Yes

Module Requirements 07 User Yes

Linkage Requirements 08 User Yes

Cost Data

Initial Linkage Cost 09 User Yes

:Division Connectivity Price 05 User Yes

illitial Conditions 00 User No

The detailed input and operations procedure are given in Tables 11 and 12, respectively; and the flow
chart is given in Figure 4.

SUMMARY

This chapter has presented a discussion of the input data necessary for application of the land use plan
design model. The data fall into five general categories: module data, soils data, cost data, division
sequence data, and connectivity price data. Data pertaining to initial land development conditions may
also be included, but this is not required for model operation. Before the design model can be imple
mented, these various inputs must be structured so as to fit the model program. This is done by means
of a four-phase data reduction program which organizes the 19 inputs into nine data files. Once this
process is complete, the land use plan design model becomes operational.
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Table II
DATA REDUCTION PROGRAM INPUT

PHASE ij

REQUI RED INPUT:

I. Division Description Cards

cols 6-10 Division Number
30-35 Division Parent
ijO-ijO Parent Half
ij3-ij5 Number of Cells this Division
51-55 Distance Between Halves

2. Linkage Requirements

cols 6-10 Module Number
22-80 30 two col Fields-I Field Per Linkage Type

00 Indicates this Linkage not Required
01 Indicates this Linkage Required

3. Run Descriptors

A. Run Parameters

col s 1- 2 Constant 06
3- 5 Number of Divisions in Problem
6-10 Number of Module Types in Problem

11-15 Number of Linkage Types in Problem

B. Module Requirements

col s 1- 2 Constant 07
6-10 Module Number

11-19 Area Required by One Module of this Type
20-2ij Number of this Type Module to be Placed

C. Linkage Costs

col s 1- 2 Constant 02
9-10 Linkage Type Number

11-20 Cost Per Foot of th is Linkage Type

Source: SEWRPC.
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Table 12
DATA REDUCTION PROGRAM OPERATIONS PROCEDURE

PHASE ij

OPERATIONS PROCEDURE:

I. Develop Division Description Fi Ie-Model Input File08

a. Program DRlIO I
b. Input Division Description Cards
c. Output Division Description File08

2. Develop Linkage Requirements Fi Ie

a. Program DRij02
b. Input Linkage Usage Cards
c. Output Model Input Filell

3. Develop Run Parameters Fi Ie

a. Program DR1W3
b. Input

I. Run Parameters
2. Module Requirements
3. Linkage Costs

c. Output Model Input FileOij

ij. Develop Initial Conditions File

a. Program DRij05
b. Input Initial Conditions Cards
c. Output Model Input FileOO

5. Clear Model Work Files

Program CLRDSK

Source: SEIW?PC.

Figure 4
DATA REDUCTION PROGRAM FLOW CHART

PHASE 4

DR 401

Source: SEWRPC

DR 402

09 LiNK COST
7 MODULE REO.

DR 403 DR 405
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Chapter III

MODE L OPERATION

MODEL IMPROVEMENTS

The basic operation of the land use plan design model was described in Volume 1 of this series of reports
(SEWRPC Technical Report No.8, A Land Use Plan Design Model, Model Development). Briefly, the
operation occurs in thr'ee phases: PLACECOMP II, ROUTCOMP, and MAPCOMP. The PLACECOMP II
phase includes the sub-programs DVDIN, DVDSTT, and DIVIDE. DVDIN carries out the soil inventory
and establishes the initial land development conditions for the design area before each division. DVDSTT
makes the initial assignment of modules to the halves of the design area and calculates the initial site and
linkage costs. DIVIDE, the optimization sub-program, revises these initial assignments until a least cost
arrangement of modules is attained. After recording this arrangement, the model program returns to
DVDIN for the next division until the division sequence has been completed. The PLACECOMP II phase
is then to be followed by the ROUTCOMP phase, which locates the linkage paths required between modules
while minimizing the total weighted length of the linkage system, and by the MAPCOMP phase, which
provides a map of the land use plan resulting from PLACECOMP II and ROUTCOMP. At this time,
however, only the PLACECOMP II phase has been implemented.

During Phase II of the Land Use Plan Design Model Project, several improvements were made in the
model to make it more practicable and efficient. These improvements were:

1. Average site development costs for each module in each cell were developed to be used instead of
the detailed site development costs based on the individual soil classifications in each cell. This
modification was made because of difficulties in the application of the model in that some of the
larger modules could not be located on the small areas of land resulting from the detailed soil
classifications. It became necessary to use average site development costs for each cell in order
to assure the provision of areas of land sufficient for the placement of large modules, such as low
density residential areas.

2. The model program was revised to allow for the optional input data pertaining to the initial condi
tions of land development in the planning area.1 The original pilot test runs of the model started
from entirely undeveloped land. In an actual planning situation, however, it is necessary to start
from an existing land use pattern. The initial conditions sub-program included in the revised
model program provides a means of establishing initial land development conditions at the
beginning of the model run and permits the manual placement of certain modules independent of
model operations.

3. The process of calculating linkage costs has been revised to eliminate unnecessary duplications.
The inter-module connectivity matrix originally used in the model expresses the unit distance cost
of linkages between any two modules. However, many modules may use common linkage elements,
such as roads and sanitary sewer mains. Because of this the program has been modified so as to
calculate the basic costs for the initial linkage elements and the incremental costs for the expan
sion of linkage facilities on the basis of the number and the types of elements using the linkage.

4. Actual costs for site development and linkages are now separated from dummy costs in the final
print out. Since dummy costs reflect only design standards and not true monetary costs, their
separation from actual costs permits the total actual cost of a plan to be determined from the final
print out.

1 See Chapter II for a discussion of this data input.
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5. A maximum constraint has been placed on all cells so that the land capacity of each cell cannot
be violated.

6. The data reduction and design model programs have been integrated to a degree such that input
data for the model need no longer be on punched cards. The data reduction outputs are now put on
a disk, which then serves as direct input for the model program.

7. The DVDIN, DVDSTT, and DIVIDE sub-programs have been integrated into a single program.
This eliminates some of the card handling and input-output routines previously needed.

8. The general efficiency of the program has been improved by removing certain aspects of the pro
gram which were redundant and by simplifying computational feedback loops.

None of these changes have substantially altered the basic logic of the model program but have served
to improve the model in terms of workability and efficiency. Among other things, these changes have
resulted in the reduction of model running time from about 12 hours to about three hours. The revised
program is detailed in the flow chart presented in Appendix A.

NEW LAND USE PLAN DESIGN MODEL ALGORITHM

Although the improvements made to the data reduction and design model programs resulted in the satis
factory application of the model as described in the next chapter, it became evident upon evaluation of the
model run that certain weaknesses exist in the model algorithm. The principal difficulty is the possible
error inherent in the PLACECOMP II phase resulting from the fact that the placement of modules is per
formed by a series of binary decisions. A module placed on one half of the design area following a division
cannot be moved to the other half of the original design area after a later division, even if such a change
would result in reduced overall costs. The model algorithm considers only those linkage costs resulting
from the latest division and not the cost of all the linkages required. Thus, the optimal plan resulting
from this algorithm may not be the least cost plan.

To eliminate this source of error, a new random placement algorithm has been developed. The proposed
algorithm has three steps: a Module Placement Routine, a Cost Computation Routine, and a Cost Evalua
tion Routine. In the Module Placement Routine, each module is assigned to an available cell by means of
a random number generator program. However, if the placement of a module in a particular cell violates
the site and linkage design constraints, successive random numbers will be generateduntil the module is
located in a cell without violating any constraints. This process continues until all modules are assigned
to cells. The Cost Computation Routine then calculates the site and linkage costs of the experimental plan
obtained by the above process. These two steps are repeated until the required number of experimental
plans has been obtained. The final land use plan is then selected through the Cost Evaluation Routine on
the basis of least overall costs.

The number of experimental plans needed in order to assure the selection of a near-optimal design plan
can be determined by the following equation:

s = 1 - (l-a)n

or

n = log (l-s)/log(l-a)

Where n = the number of experimental plans required to obtain a plan with accuracy of "a" and probability
of success of "s."

a = plan accuracy; that is, the ratio of the optimal zone2 to the total number of possible experi
mental plans.

2 The optimal zone is a subset of experimental plans such that those experimental plans included in the sub

set have the least costs of all experimental plans.
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s = probability of success; that is, the probability that the lowest cost plan obtained by means of the
algorithm will actually be among the "a" best plans represented by the optimal zone.

Table 13 gives values of "n" corresponding to selected values of "s" and "a." It should be noted that the
number of experimental plans required is not a direct function of the number of possible module-cell com
binations. Regardless of the size of the design area and the number of modules to be placed, the number
of experimental plans required to obtain a plan within the optimal zone will not exceed 919 for even a very
small optimal zone and a very high probability of success.

This proposed algorithm cannot be tested unless Phase III of the demonstration project is mounted. It is
felt, however, that this algorithm, combined with the improvements made in the data reduction and design
model programs, will make the land use plan design model both practicable and efficient for use in pro
ducing a near-optimal plan for any planning area.

Table 13
NUMBER OF TRIALS REQUI RED I N A MAXIMUM-SEEKING

EXPERIMENT CONDUCTED BY THE RANDOM METHOD

s
a

0.80 0.90 0.95 0.99

0.10 16 22 29 ijij

0.05 32 ij5 59 90

0.025 6ij 91 119 182

0.01 161 230 299 ij59

0.005 322 ij60 598 919

Source: Brooks, Samuel, "A Discussion of Random Methods for Seeking Maxima," Journal of Operation Research,
Vol. 7, 1958.
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Chapter IV

THE DESIGN MODEL PLAN FOR SOUTHEASTERN WISCONSIN

THE SOUTHEASTERN WISCONSIN REGION

The Southeastern Wisconsin Region is comprised of Kenosha, Milwaukee, Ozaukee, Racine, Walworth,
Washington, and Waukesha Counties. Together these seven counties have a total area of 2,689 square
miles, or about 5 percent of the total area of the state, and a total estimated population (1968) of 1,835,000,
or about 42 percent of the total population of the state. Of the total land area, approximately 483 square
miles, or about 18 percent, are presently devoted to urban land uses (1967), the remainder being devoted
to rural-type land uses, such as agriculture, wetlands, and woodlands. The seven-county Region contains
153 general-purpose local units of government and encompasses all or parts of 11 major watersheds.

Geographically, the Region is bounded on the east by Lake Michigan, which provides an ample supply of
fresh water for both domestic and industrial uses, as well as being an integral part of a major interna
tional transportation network. It is bounded on the south by the rapidly expanding northeastern Illinois
metropolitan region and on the west and north by the fertile agricultural areas of the rest of the State of
Wisconsin. Thus, the Region is located in a relatively good position for continued growth and development.

The land use plan design model was applied to the Southeastern Wisconsin Region in order to test the
model's structural consistency and workability as a planning tool. For this application the Region was
divided into 347 cells. The standard size of a cell was six U. S. Public Land Survey sections, (approxi
mately six square miles), though cell size did vary from four to 18 such sections. An exception to this
was Cell No. 132, which consisted of approximately 135 sections in Milwaukee County.

MODEL INPUT DATA

Model Data
A total of 2,321 modules, representing 34 module types, were supplied as input data to the model for the
regional study, along with the area and linkage requirements of each module type. The number of each
module type required was derived from population and economic forecasts by means of a transformation
matrix reflecting the allocation design standards included in the definition of each module. The module
types used and the number of each type are given in Appendix B; sample module definitions are given in
Appendix C; and sample linkage requirements are given in Appendix D.

Soils Data
The basic soils data were taken from the regional soil survey that had previously been conducted by the
U. S. Department of Agriculture, Soil Conservation Service, for the Southeastern Wisconsin Regional
Planning Commission. This survey resulted in the identification and mapping of 585 soil types within the
Region. Since many of these soils do not have characteristics differing sufficiently from other types to
affect land development costs significantly, the original 585 soil classifications were reduced to 224. This
reclassification, given in Table 1, Chapter II, was based upon those soil characteristics which signifi
cantly affected land development costs: soil texture, depth to water table, depth to bedrock, and topo
graphic slope. The area of each c~ll covered by each of the soil categories was also defined in the soil
inventory data. Examples of the data format are shown in Appendices E and F.

Cost Data
The form of the cost input data was modified to correspond to improvements made in the model program.
Average development costs for each module type and cell combination were supplied as input data in place
of the site development costs for every module type and soil combination. In order to avoid special and
separate cost estimates for every module, data were collected for 141 basic cost elements, such as
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residential foundations; sanitary sewer collection lines; and urban standard arterial thoroughfares.
Since these cost elements appear in many modules, their use allows a more efficient approach to cost
estimation. The data were ordered into development cost tables, giving site development costs for each
cost element and soil type combination. The average development costs were then calculated for each cell
on the basis of the area of the cell covered by each of the soil types and the costs of locating module ele
ments on each of these soils. The basic cost elements and sample development cost tables are given in
Appendix G.

The connectivity matrix giving the normalized cost of linking each module with any other module was also
modified as input data. Model program improvements called for the replacement of this by data per
taining to basic costs for initial linkage elements and incremental costs for expansion of these linkage
facilities according to the number and the kinds of modules using the linkage. Sample linkage cost data
are given in Appendix H.

Division Sequence
The division sequence of the model requires a previous definition of the location of each cell relative to
each successive division. This is supplied as input data for the model in the form of a division cell list.
The grouping of cells defining the division sequence for model operations was based on the natural and
artificial boundaries existing within the Region. The division sequence was carried through four stages
for the entire Region and through five stages for selected subareas. This resulted in 20 subareas, each
consisting of 15 to 20 cells. The division sequence is presented graphically on Map 1 and diagrammati
cally in Figure 5. The location of each cell and its relation to the final division subareas are shown
on Map 2.

Connectivity Price
Connectivity prices for each division were provided as input data in order to allow for unusual natural or
artificial land features that would increase linkage costs as a result of a division being made along one of
these land features. The total linkage cost between any two modules is then determined by the connec
tivity price and the initial or incremental linkage costs. Connectivity prices are given in Appendix I.

Initial Conditions
The land use pattern existing in 1963 as defined by the SEWRPC Land Use Inventory was the basis for the
input data pertaining to initial conditions. The input was accomplished by locating the existing modules in
their appropriate cells. The year 1963 was selected to represent initial conditions because it was also the
base year for the regional land use plan prepared by more conventional techniques and thus facilitated
compari$on of the design model results with the latter plan. An example of the data format is given in
Appendix J.

MODEL APPLICATION RESULTS

With the above model input data, the design model was applied to the Southeastern Wisconsin Region. The
run located 2,278 of the 2,321 modules. The other 43 modules, all regional service facilities, were not
entered in the model run so that they could be located by hand to serve the land use patterns resulting
from the model application. The resulting assignment of modules to cells is shown on Map 3, along with
the initial conditions entered in the model run. Map 4 shows a design plan for the Southeastern Wisconsin
Region derived from the model run by locating modules within cells so that modules in adjacent cells are
clustered and so that development does not infringe upon environmental corridors, except where the land
area requirements of the modules e:xceed the available nonenvironmental corridor lands in the cell. For
comparison the adopted regional land use plan, prepared utilizing conventional plan design techniques, is
shown on Map 5.

The design model tended to cluster the major modules so as to minimize linkage costs within the con
straints of site conditions and the design standards. These clusters were located in the outlying areas of
the Region so as to minimize site development costs resulting from soil and topographic conditions. In
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Each division half boundary encloses one or more cells. A division half is identified by a number composed of
a division number followed by a dash and a division half number for each of the two halves formed by that division.
Each division half then becomes a parent area, which is subsequently divided, as shown in the second, third,
fourth, and fifth stages of the division sequence.

Source: SEWRPC.
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Map I (continued)
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Mop I (continued)
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Figure 5
DIVIS ION SEQUENCE OF THE LAND USE PLAN DESIGN MODEL

REG IONAL APPLI CATION

Source: SEWRPC.
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comparison the adopted regional land use plan, prepared by more conventional methods, calls for new
development to be located contiguous with the major existing urban areas. While these two planning tech
niques may thus seem to be contradictory, a closer examination of each shows their conceptual similarity.

The design model in its entirety and the conventional planning method in part were based on the concept of
minimization of costs within the constraints of the design standards. The design model is structured to
function as an optimization model based on this concept. Conventional planning methods take into consid
eration an additional factor, however, that of the probability of implementation. This is included so that
massive systems of public works are not constructed to serve a proposed land use pattern that is not
likely to be implemented.

In the preparation of the regional land use plan by conventional techniques,l three alternative land use
plans were developed for consideration: a Controlled Existing Trend Plan, the plan finally selected for
adoption; a Corridor Plan; and a Satellite City Plan similar in concept to the design plan resulting from
the model application. In the consideration of the three plans, the Satellite City Plan was ranked slightly
above the Controlled Existing Trend Plan in terms of meeting the design and cost criteria, as indicated in
Table 14. The Controlled Existing Trend Plan was adopted, however, on the basis of the relative plan

See SEWRPC Planning Report No.7, Volume 1, Inventory Findings--1963; Volume 2, Forecasts and Alternative

Plans--1990; and Volume 3, Recommended Regional Land Use and Transportation Plans--1990.
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The subareas resulting from the division sequence are made up of cells which are similar with respect to elements
of the natural resource base. Where possible, division subarea boundaries have been designated to coincide with
natural or man-made barriers to development.

Source: SDfWC.
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Table lI~a

REGIONAL LAND USE PLAN SELECTION CRITERIA

Prov i de For A Provide For An Meet The Design
Bal anced Appropriate Requ i rements
Allocation Spati al Of the Ma~or

Of Land b Distribution Land Uses
Rank Order Of Land Uses b Rank Order
Of Group Rank Order Of Group
Objective= 3 Of Group Objeetive= I

Maj or Group Rank Order Objeetive= 2 Rank Final
Objective Val ue Of Rank Order Order Value PI an Probabi I i ty Of PI an
Plan Planc Value Of Plan c Of PI an c Value Implementation Value

Controlled

Existing

Trend 2 3 I 13 0.6 7.8

Corr i do r I 2 2 9 0.3 2.7

Satellite

City 3 I 3 I~ O. I I. ~

Brhis table was derived from Table 122 in .sE.lIRl'C Planning Report No.7, Volume 2, Forecasts and Alternative Ploos--1990.

blnc1udes the objectives listed under this group in Appendix Table A-31, SEWRPC Planning Report No.7, Volume 2,
Forecasts and Alternative Plans--1990.

cBased on the rank order value as shown in Appendix Table A-29. SEWRPC Planning Report No.7. Volume 2. Forecasts
and Al ternative PI ans- -1990.

Source: SEWRPC.

values after the probability of implementation had been included in the considerations. Thus, the applica
tion of the land use plan design model to the Southeastern Wisconsin Region resulted in findings concep
tually consistent with those of the regional land use planning effort. The difference in the final plans
stems from the difference in purpose of the two approaches. The conventional approach results in a plan
which is feasible for implementation, whereas the design model approach results in a near-optimal plan.

MODEL EVALUATION

The work program for Phase II of the demonstration project called for the test and evaluation of the sensi
tivity of the model to imputed objectives, design standards, and cost functions. This was, in fact, carried
out in the application of the mOdel to the Southeastern Wisconsin Region. The model was run twice for the
Region, the second run using more extensive constraints. The results of these two runs illustrate the
sensitivity of the model and some of the problems encountered in the application of the modeL

The model minimizes site development costs by relating these to soils. Because of this it is highly sensi
tive to soil condition interpretations and the resulting site development costs. Application of the design
model to the Region revealed a problem relating to this fact. While the model is sensitive to comparative
costs of locating a given module on various types of soil, it is not sensitive to comparative costs of putting
various modules on a given type of soil. Once a module has been located on a given soil on the basis of
least site development costs for that module, it is fixed and cannot be replaced by another module, even if
the result would be decreased overall costs. With the present algorithm, it is thus advisable to regulate
the entry of modules into the model run so that modules with high site development costs are located first.
If the random algorithm is implemented, however, this problem will be eliminated entirely.
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Application of the land use plan design roode! to the Southeastern Wisconsin Region resulted in the assignment of
2,278 new land use modules to areal cells, as shown on this map in generalized form. The primary factors deter
mining placement of new land use modules in the plan design model are soil suitability, land and site development
costs, and the location of existing land use (1963 initial conditions). No new land use modules were placed In
areas which were fully developed in 1963. In order to minimize costs, the model assigned the new land use modules
to those areas of the Region covered by soils well suited to urban development and having relatively low land
costs.

Source: SEWRPC.
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1990

This map graphically sunmarizes the regional land use plan produced by application of the land use plan design
model. It Is important to note that the model, as applied in this situation, did not have imposed upon it several
significant constraints that were Imposed in the preparation of the regional land use plan through conventional
planning techniques. The most important of these constraints were: I} the preservation and protection from urban
development of the primary environmental corridor lands in the Region, including the significant ground water
recharge area traversing the western boundary of the Region, and 2) the placement of new urban development in
gravity drainage areas tributary to existing public sanitary sewage treatment facilities. The fact that these
constraints were not imposed on the land use plan design rrodel explains some of the more important differences
between the land use 1'1 an as prepared by the model and the plan as prepared by conventional techniques.

Source: SEMRPC.
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This map graphically summarizes the regional land use plan developed by application of conventional land use
planning techniques. Those land uses, including major retail and service areas, major industrial areas, pub! ie
airports, major publ ic outdoor recreation sites, and primary environmental corridors, which, In the appl icatlon
of the land use plan design model, would have to be spatially distributed "by hand" after the IOOdel run, have
been omitted from the map in order to make It more readily comparable to the pi an produced by the model as shown
on Map ~. The land use plan prepared through conventional planning techniques differs substantially from that
prepared through the model technique because of the Imposition of significant constraints regarding the protection
and preservation of the natural resource base and public sanitary sewer service--constralnts that were not built
into the model.

Source: SEWRPC.
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Another difficulty in applying the model was revealed by the location of the modules in relation to the
environmental corridors delineated in the adopted land use plan for the Southeastern Wisconsin Region.
These corridors, most of which lie along major river and stream valleys and their associated floodplains,
encompass a complex of natural resources which act upon the ecology of the Region and ultimately deter
mine the overall quality of the environment. Because of this it is imperative that all of these primary
corridors be preserved and protected. Some of this corridor area, however, is also choice land for devel
ment, as evidenced by the fact that in the first run the design model tended to cluster development in the
western Kettle Moraine environmental corridors.

The means of preventing undesirable development of this sort was conceived as being through dummy
development costs. For areas where it is desirable to prevent development, artificially high site develop
ment costs could be entered. This was done in the second run of the model, and the resulting design was
improved. Development still tended to occur in cells containing environmental corridor lands. Where the
development assigned to the cell did not exceed the available non-environmental corridor lands, actual
development within the cell could be adjusted through application of such land subdivision design tech
niques as clustering so as not to infringe upon the environmental corridor. In several cases, however,
the land area requirements of the modules located in cells exceeded the available non-environmental cor
ridor lands; and the modules were necessarily placed partially within the environmental corridor. This
problem can be corrected by increasing the dummy costs, but this will also tend to prevent module place
ment in suitable areas of the cells. Because of this it seems advisable to exclude any lands which are to
be preserved from the total area to which the model is being applied. The appropriate area and soils
should be subtracted from each of the cells and only the area remaining be considered in the soil inventory
and in the average development costs.

The results of the model run also showed that the model tends to cluster modules of the same type. If a
sizable parcel of land appropriate for development of a certain module type exists, the model continues to
locate modules of that type in the cell until the cell capacity has been reached. While this procedure
may be acceptable for some module types, such as residential areas, it is not suitable for service
oriented modules.

A related problem is that service-oriented modules were frequently placed by the model in areas with few
or no residential modules. An example of these related problems was the placement of nine commercial
areas, seven schools, six medical centers, two branch libraries, a cemetery, a police station, a fire
station, a cultural center, and six municipal halls in a single cell, which neither included nor was near
any residential modules. This problem illustrates the sensitivity of the model to the design constraints.
For meaningful application of the model, extensive oonstraints are needed, including those limiting the
clustering of certain module types and those relating the placement of residential and service modules
through detailed definitions of the relationships between residential module size, the population included,
and the service requirements.

A final problem encountered in the model application is the treatment of initial conditions. These condi
tions can be included in the model run. However, once the initial conditions have been entered, they are
fixed. There is presently no provision for the transition, for example, of a low-density residential area
into a medium-density residential area. The desirability of this sort of transition, however, can be eval
uated by comparing runs of the model made with and without the initial conditions entered.

CONCLUSIONS

Evaluation of the application of the land use plan design model to the Southeastern Wisconsin Region
resulted in the following conclusions:

1. The land use plan design model produces a solution that is quite reasonable, considering the
input data and the design constraints used in the application of the model to the Southeastern
Wisconsin Region.
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2. The greatest source of difficulty encountered in applying the model involved the use of design con
straints in defining spatial relationships between modules. Because the model operation is heavily
influenced by soils and related site development costs, the design constraints must be carefully
enumerated in order to achieve both a desired and realistic spatial arrangement of the modules. It
is this feature, then, that also makes the model a flexible tool in that the design constraints can be
altered to reflect different levels of interest so that the model can be applied at both the community
and regional levels.

3. A deficiency discovered in the application of the model was the possible error inherent in the
model algorithm resulting from the PLACECOMP II procedure of placing modules by a series of
binary decisions. The present algorithm considers only those linkage costs resulting from the
latest division ~d not the cost of all linkages required. Thus, the resulting design plan may not
be the least cost plan. To correct this a new random placement algorithm has been developed and
should be tested if Phase ill of the demonstration project is mounted.

In summary, the land use plan design model is workable and practicable. When the new model algorithm
is implemented and the model is documented for usage by means of the User's Manual, the model will
provide a flexible and useful planning tool capable of application at both the regional and community levels.
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Chapter V

PHASE III PROGRAM

The original work outline for the land use plan design model development envisioned a three-phase pro
gram. Phases I and II of this program, Model Development and Model Test, have been completed and
documented in published reports. The purpose of Phase III of this project is to provide final model refine
ments and documentation of the model in the form of a user's manual. This manual, unlike Volumes 1
and 2 of SEWRPC Technical Report No.8, should be written in such language that an urban or regional
planner unfamiliar with mathematical or computer terminology will be able to apply the model with the aid
of the manual. Such documentation is essential if the basic value of the project effort is to be preserved.
An important related task is the refinement of the model through implementation of the new design model
algorithm previously discussed. A number of optional tasks which would increase the value of the pro
gram could also be carried out. The tasks of Phase III, then, may be considered in two categories:
essential or primary tasks and optional or secondary tasks.

PHASE III-DESCRIPTIONS AND COSTS

The descriptions and costs for the tasks which encompass Phase III of the Southeastern Wisconsin
Regional Planning Commission land use plan design model development program are set forth below, and
a cost summary is presented in Table 15.

1. Computer Program Improvement (Primary Task)
Description: As a result of experience with the model in Phase II of the project, certain improve
ments in the data reduction and model computer programs are desirable. These improvements
include the new design model algorithm, as well as the adaptation of the model for use on a small
computer. Maximum Estimated Cost: $18,000.

2. User's Manual Preparation and Publication (Primary Task)
Description: The User's Manual will provide complete instructional material in the theory of the
design model, the collection and reduction of input data, the model operation, and the interpreta
tion of model results. The Manual is estimated to consist of about 200 pages. Maximum Estimated
Cost: $15,000 (500 copies).

3. User's Manual Preparation Technical Support (Primary Task)
Description: It is recommended that if Phase ill is mounted, the actual preparation and printing of
the User's Manual be subcontracted. However, provision must be made for internal staff support
activities by the Southeastern Wisconsin Regional Planning Commission to prepare materials,
provide technical consultation, and review the manual prior to final publication. Maximum Esti
mated Cost: $10,000.

The following three tasks are considered optional to the completion of the project, although they would
add significantly to the overall value of the project. Omission of these tasks would not, however, prevent
the successful completion of the project.

1. Training Course Preparation (Secondary Task) I

Description: This training course would supplement the aforementioned User's Manual by providing
an audio-visual presentation of the land use plan design model and its application in planning. The
User's Manual will be in itself a full explanation of the design system, but the complexity of the
system and the need for extensive reference data will make the Manual a volume of substantial

If this task is applied to the project budget, a more detailed cost estimate should be prepared.
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Tabl e 15

COST SUMMARY FOR PHASE III OF THE LAND USE PLAN DESIGN MODEL DEVELOPMENT PROGRAM

Pr imary Tasks

Computer Program Imp roy emen ts · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • $ 18,000

User's Manual Preparation · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 15,000

Technical Support User's Manual Preparation · · · · · · · · · · · · · · · · · · · · · · · · · 10,000

Subtotal · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • $ 43.000

Secondary Tasks

Trai ni ng Course Preparation · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • $ 15,000

Visual Model Display Implementation · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 20,000

Nationwide Work Program Outl ine · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 2,000

Sub to tal · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • $37 .000

Total . . . . . . . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • $ 80,000

Source: SEWRPC.

size. To be a useful tool, adequate instruction in the organization and application of the Manual is
necessary. To this end, it is proposed that five sound-slide presentations be included in the
training package. Each slide program will provide approximately one hour of instruction and
training in the SEWRPC land use plan design model operations and procedures. The programs will
explain the purpose of the system, describe the functions of its components, and instruct in its
application. Estimated Maximum Cost: $15,000.

a. Program 1: The proposed slide-sound training program and the performance objectives and
function of Program 1 are described below.

Performance Objectives-To develop an appreciation of the objectives of the SEWRPC Land Use
Plan Design Model and to provide the vocabulary necessary to make Programs 2 through 5
fully effective.

Function-A lecture format will be used to present an overview of the model and its applica
tions. A brief survey of the Wisconsin PD-1 project will be followed by a demonstration of how
the model can be applied. Emphasis will be placed on the practical value of the model in diffi
cult or complex land use planning problems.

b. Programs 2 and 3: The proposed slide-sound training program and the performance objectives
and function of Programs 2 and 3 are described below.

Performance Objectives-To provide the trainee with a controlled experience in model operation
and to develop: 1) a full knowledge of the model's problem-solving capabilities and 2) a compre
hensive understanding of the resources and application of the User's Manual.

Function-The trainee will be given a problem requiring use of: 1) data particular to a problem
situation and 2) data, systems, and procedures incorporated in the User's Manual. The prepa
ration of the computer input information will be worked through on a trainee-paced, step-by-step
basis. Emphasis will be placed on both the need for careful preparation and the necessity of
follOWing the correct procedures. The programs will also deal with the preparation of rough
data for computer data reduction.
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c. Program 4: The proposed slide-sound training program and the performance objective and func
tion of Program 4 are described ?elow.

Performance Objective-To provide the trainee with a controlled experience in computer out
put analysis.

Function-The trainee will be guided through a full analysis and evaluation of the computer out
put from the problem developed in Program 3. By means of multiple choice questions and
answers, the proposed solution will be examined for implications and alternatives. Again, heavy
use of the User's Manual will be programmed into the instruction.

d. Program 5: The proposed slide-sound training program and the performance objectives and
function of Program 5 are described below.

Performance Objectives-To provide the trainee with a controlled experience in the preparation
of secondary computer input and to review preparation and analysis procedures.

Function-Starting with the information developed in Program 4, the trainee will be guided
through the preparation of secondary computer input and the analysis of secondary output.
Emphasis will be placed on firming up the trainee's understanding of the procedures and
resources of the system. The User's Manual will again be used extensively.

2. Visual Model Display hnplementation (Secondary Task)
Description: A series of programs would be developed to visually display the operation of the land
use plan design model on a cathode ray tube (CRT) display. These programs would permit the
planner to visualize the plan developed by the model as it is formed and to interact with the model
to modify the plan in an integrated man-machine design system. Estimated Cost: $20,000.

3. Nationwide Work Program OUtline (Secondary Task)
Description: After the completion of Phase ill, it would be desirable for the U. S. Department of
Housing and Urban Development to initiate a national program to implement the Land Use Plan
Design Model in urban planning. An outline to guide such a future program would be prepared and
published. Estimated Cost: $2, 000.

45



 

 

(This page intentionally left blank) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES 



 

 

(This page intentionally left blank) 



Appendix A

LAND USE PLAN DESIGN MODEL PROGRAM DETAILED FLOW CHART
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Appendix A (continued)

LAND USE PLAN DESIGN MODEL PROGRAM DETAILED FLOW CHART
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NO

ELIMINATE
SITE FROM

CONSIDERATION

INCREMENT
TEST COUNTERS

REDUCE AVAILABLE
AREA

INCREASE SITE
COST iVT= iVT-/

INCREMENT
iTLlST ('CHEAP)
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Appendix A (continued)

LAND USE PLAN DESIGN MODEL PROGRAM DETAILED FLOW CHART

FETCH S I TECT
FOR MODULE i

AGAIN TO
REiNITIALIZE

IT

NO

FIND THE
CHEAPEST
REMAINING

CELL

ELIMINATE
CELLS HOLDING

LIMIT

ELIMINATE
CELLS WITH

INSUFFICIENT AREA

14

PG4
FINFOL=RR

RR=TSC +
NOOCMT

~*~6~n~li)
i = l

i= I OR
i = i + I

(DO 37 i = I,
NOOFMT)

+

FETCH
MODULE
LINKAGE

MATRIX ROW
i

RTST(I-90)=0
RNTST(I-90)=0

o

ii = [ OR
ii = ii + I

(DO 36 i i = I,
NOOFMT)

iTESTA =0
iTESTS =0

REMEMBER THE
ADDITIONAL SITE

COST FOR
ADDING THE
MODULE AS

COSTA 0

ELIMINATE
SITES WITH

INSUFFICIENT AREA

RTST(i)=RTST(i)
+ iTEST (ij)* ML (ii)

i = I
OR i = i + (

(DO 29 i =1,
NOOFMT)

FETCH SITECT
FOR MODULE i

AGAIN TO
REINITlALIZE

IT

EL IMINATE
SITES HOLDING

LIMIT

RNTST(i)=RNTST ( i )
+ NONTST(i)*" ML (ill

FETCH iTLiST
NTL 1ST AND
SiTECT FOR

MODULE
TYPE

FIND THE REFUND
FOR REMOVING A
TYPE i MODULE
FROM THE MOST
EXPENSIVE SOIL

TYPE IT OCCUPI ES
IN NONTST

RRN = RR +
COSTAD-REFUND

+RNTST (il
RTST(il

FINFO= RR

FIND THE
CHEAPEST

SOIL TYPE TO
PUT A MODULE

OF TYPE i INTO

YES

12
PG41'-'l1--~
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Appendix A (continued)

LAND USE PLAN DESIGN MODEL PROGRAM DETAILED FLOW CHART

REMEMBER THE
ADDITIONAL SITE
COST FOR ADDING
THE MODULE AS

COSTAD

FIND THE REFUNO
FOR REMOVING A
TYPE i MODULE
FROM THE MOST
EXPENSIVE SOIL
TYPE IT OCCUPIES

IN TEST

RRN = RR +
COSTAD - REFUND

+ RTST (il
RNTST (il

FINFO=RRN

0+

YES

ADJUST THE
COUNTERS

AND LI STS
TO SHOW THE
MODULE MOVE

RECOMPUTE
RTST AND
RNTST FOR
THE NEW
PARTITION

PRiNT
THE NEW

PARTITION

+

NO

ADJUST THE
COUNTERS

AND LiSTS
TO SHOW THE
MODULE MOVE

RECOMPUTE
RTST AND
RNTST FOR
THE NEW
PARTITION

PRINT
THE NEW

PARTITION

NO

YES

PRINT
THE FINAL
PARTITION

RECORD
ITEST AND

NONTST WITH
THE PARTITION

NO

YES

50

FINFOL=FINFO
RRN = RRN

i FROM:: i EXPEN
iTS = i CHEAP

iTESTS = I

13

Source: S£WRPC

YES
iDONE .. I

RECORD iDONE
WITH THIS
PARTITION



Appendix B

MODULE INPUTS FOR MODE L APPLICATION
TO THE SOUTHEASTERN WISCONSIN REGION

Module
Type
Code Module Description

1 Residential (low-density)

2 Residential (medium-density)

3 Residential (high-density)

4 Neighborhood Commercial Center
(low-density)

Number of
This Type of

Module Required

35

123

262

5

6

7

8

9

10

11

12

13

14

15

16

17

Neighborhood Commercial Center
(medium-density)

Neighborhood Commercial Center
(high-density)

Community Commercial Center

Regional Commercial Center

Highway Commercial Center
(partial auxiliary)

Highway Commercial Center
(freeway and expressway auxiliary)

Highway Commercial Center
(recreational auxiliary

Planned Industrial District (light)

Planned Industrial District (heavy)

Junior High School (public)

Junior High School (private)

Senior High School (public)

Senior High School (private)

84

260

37

15

201

49

201

20

20

95

61

54

26

18 Medical Center (short-term)

19

20

Medical Center (long-term)

Medical Center (nursing and related)

22

308
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52

Module Number of
Type This Type of
Code Module Description Module Required

21 Public College 3

22 Library (regional)

23 Library (community) 5

24 Library (branch) 34

25 Church

26 Cemetery 130

27 Police station 12

28 Fire Station 31

29 Recreational Center (community) 4

30 Recreational Center (regional) 5

31 Community Cultural Center 30

32 Regional Cultural Center (intensive) 9

33 Regional Cultural Center (extensive) 9

34 Incinerator and Sanitary Land Fill 11

35 Municipal Hall (community) 159

36 Municipal Hall (regional) 6

37 Airport (general-aviation)

38 Airport (commercial)

Source: SEWRPC



Appendix C

SAMPLE PLAN DESIGN MODULES
(MODULE DEFINITIONS)

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 a,re 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 sUPl?orting natural resource base.

-----=:;..

1 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 Plans--1990.

2 Assuming 2.485 single-family dwelling units with an average building site of2.000square feet per dwelling unit.

3 Assuming 200 square feet per dwelling unit.

4 Assuming an average lot size of 185 by 200 feet.
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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

L 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

L 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 moduie 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 uni t used by the 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 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 Plans--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

56

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 average 4.3 dwelling units per net residential acre on lots 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, the 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.

57



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

OA

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.

L 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. I 7

b. The module shall include 150 lineal feet of collector street rigb;t-of-way or full width equivalent
constructed to urban cross section standards. I 8

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 L 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 L 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 B-1 Neighborhood Business 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

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 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.

L 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. 2 5

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 Community Builder's Handbook, Communi ty Builder's Council of Urban Land Institute, (Washington, D.C. ,1960).

21 Assuming 400 square feet per 100 s"quare 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.

L 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

1. 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

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.
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E. MODULE TYPE: SENIOR HIGH SCHOOL (public)

DE FINITION: 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 Acres

Gross area. 45.026

Building area 3.6

Parking, service, access, internal vehicular, and
pedestrian circulation areas . 5.1

Open space, side, rear, and front yards 11.0

Arterial street right-of-way . 2.1

Collector street right-of-way. 1.3

Local street right-of-way 1.9

Playfields . 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-oi-wayor 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 pupi Is.

27 For detailed standards. see SEWRPC Planning Guide No. I, 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 Plannin~ Report No.7, Volume 2, Forecasts and Alternative Plans--1990.

32 See Local Plannin~ Administration. The International City Managers Association, (Chica~o 1959).

33 Ibid.

34 Assumin~ a railway spur right-of-way of 52 feet.

35 Ibid, footnote 25.

36 Ibid, footnote 25.

37 Assumin~ the internal circulation ways and cul-de-sacs have a ri~ht-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 8

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.AO

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.A 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 Zonin~ Ordinance contained
in SEWRPC Plannin~ Guide No.3, Zonin~ 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 dnd subject to
the established review procedure at the time of initiation of zoning appeal.

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

AO 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.42

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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2.0 43

0.5 44



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.

1. 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." 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." 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 SEWRfC 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

L 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

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.

48 Asswning a need to house 7 municipal employees per 1,000 population.



APPENDIX D
DATA REOUCTION LINKAGE REQUIREMENTS

CARD CODE 08

'" '" * '" * L INK AGE S R E Q U I R E 0 B Y T HIS M o 0 U L E '" '" * * * * '"MOOULE NO. 01 C2 03 04 05 06 C1 08 09 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 27 28 29 30

1 01 CO 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00

2 01 00 01 CO 00 00 CO 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

3 01 00 01 CO 00 00 CO 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

4 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

5 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

6 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

7 01 CO 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

8 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00

9 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

10 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

11 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

12 01 01 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00

13 01 01 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00

14 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

15 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

16 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

11 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

18 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00

19 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00

20 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 00 01 00 00 01 00 00

21 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

22 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

23 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

24 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

25 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

26 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00

27 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

28 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

29 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00

30 01 00 00 00 00 00 00 00 00 00 00 00 00 00 01 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00

31 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 (}Q 00 01 00 00 00 01 00 00

32 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 01 00 00 00 00 01 00 00

33 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00

34 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00

35 01 00 01 00 00 00 00 00 00 01 00 00 00 00 01 00 00 00 00 00 00 00 00 01 00 00 00 01 00 00
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APPENDIX E
DATA REDUCT ION SO I L CODE CROSS REFERENCE

CARD CODE UR 13

SO IL TEXTURE ~ATER DEPTH BEDROCK

1 1 3 1

2 1 2 3

3 1 1 1

4 1 1 3

5 1 2 3

5W 1 1 3

7 1 2 3

7W 1 2 3

9 3 1 3

10 1 2 3

lOW 1 1 3

II 1 2 3

llW 1 1 3

nWR 1 2 2

UWV 1 1 3

12 2 3 3

14 2 3 3

15 2 1 3

16 1 2 3

161 2 3 3

18 1 3 3

l8Y 1 3 3

19 1 3 3

20 2 3 3

21 1 2 3

2lY 1 2 3

22 1 2 3

23 1 2 3

24 1 2 3

26 1 2 3

27 1 2 3

27U 1 2 3

271 1 2 3

28 1 2 3

28I 1 1 3

29 1 1 3
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APPENDIX F
DATA REDUCTION USER SOLl I~VENTORY

CARD CODE UR 11

GEOGRAPHII: UNIT

0123293031320000

012329303132COOO

0123293031320000

0123293031320000

0123293031320000

01232930~1320000

0123293031320000

0122252627343536

0122252627343536

0122252627343536

0122252621343536

0122252627343536

0122252621343536

0122252627343536

0122252621343536

0122252627343536

0122252627343536

0122252627343536

0122252627343636

0122252627343536

0122252621343536

0122252627343536

0122252627343536

0122252627343536

0122252627343536

0122252627343536

0122282930313233

0122282930313233

0122282930313233

0122282930313233

0122282930313233

0122282930313233

0122282930313233

0122282930313233

0122282930313233

0122282930313233

SOIL

276

277

297

298

324

332

338

21

24

31

51

53

12

214

297

298

299

326

336

340

346

450

72Y

3251

3361

346Z

80

172

203

213

217

233

266

267

297

298

SLOPE

3

3

3

1

1

2

1

2

2

3

2

2

3

1

5

2

2

2

3

1

1

1

1

2

2

1

1

5

2

1

1

2

5

4

7

1

AREA

00051

00066

00015

00046

00001

00010

00030

00190

00024

00048

00032

00206

00064

00016

01752

00604

00048

00048

00016

00072

00016

00008

00032

00136

00228

00024

00032

00016

00008

00072

00314

00008

00152

00024

01264

00320
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Appendix G
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 53186

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 Gradin~, 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



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 G- I

LAND USE DESIGN MODEL
CONSTRUCTION COSTS

MULTIPLY ALL FIGURES BY 10••2
S PER ACREe

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 BEOROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 18.54 362.40 659.40 63.40 171.40 302.90 48.41 101.40 166.20

FINE 8 221.80 584.80 952.80 146.85 225.65 434.65 61.11 116.00 166.20

Cl 392.40 826.40 1258.40 239.40 284.90 510.90 90.35 126.40 166.20

GRAINED C2 426.60 B53.40 1278.20 213.60 308.90 585.30 124.55 149.40 118.80

01 460.80 880.40 1298.00 301.80 332.90 599.10 158.15 113.10 191.40

SOILS
a

02 506.40 1324.40 353.40 365.90 618.90 204.35 204.40 208.20916.40

E 592.40 984.40 1313.90 439.40 426.90 654.90 290.35 266.40 239.10

F 740.40 1101.40 1458.40 581.40 524.90 111.30 438.35 364.40 294.20

A 78.54 682.40 1296.40 63.40 415.40 193.90 4B.41 101.40 166.20

COARSE B 221.80 984.80 1784.80 146.85 549.65 1019.65 61.11 116.00 166.20

Cl 392.40 306.40 2286.40 239.40 619.90 1364.90 90.35 126.40 166.20

GRAINED C2 426.60 333.40 2306.20 213.60 703.90 1319.30 124.55 149.40 178.80

01 460.80 360.40 2326.00 301.80 121.90 1393.70 158.75 113.10 191.40

S(}ILS b
02 506.40 396.40 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 1448.90 290.35 266.40 239.10

F 140.40 581.40 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 48.41 305.00 559.90

B 221.80 244.40 1903.30 146.85 124.25 1433.15 61.11 364.60 661.90

ORGANIC CI 392.40 366.00 2404.90 239.40 889.50 1183.40 90.35 425.00 762.90

C2 426.60 406.00 2450.30 213.60 923.15 1816.50 124.55 456.50 791.70

SOILS 01 460.80 446.00 2495.60 301.80 956.80 1849.60 158.15 488.00 820.60

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 140.40 171.00 2866.40 587.40 1232.00 2120.40 438.35 145.00 1055.90

A 48.41

B 61.11

Cl 90.35

BI'DROCK C2 124.55

01 15B.75

02 204.35

E 290.35

F 438.35

This texture subclass is based on the unified classifications of CL. Ch. and IlL 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. aM. SP, and SC as described in SEIRPC Planning Report No.8. Soils of Southeastern Wisconsin.
C Costs are in Hundreds of Dollars per Acre of Building Coverage.
d Slope categoric!;. A. B, Cl, e2. Dl. D2. E. and F have average slopes of 1,5,8, 11. 15. 19.26. and 30 percent respectively.

Source: SEWRPC.



TableG-2
LAND USE DESIGN MODEL

CONSTRUCTION COSTS

SEWAGE SANITARY COLLECTION LINES 10 alA MAIN ONLY EARTH BACKFILL
S PER FOOT C

LESS THAN I 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 tlEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 21.10 11.82 14.55 16.14 13.81 11.00 16.14 13.53 10.33

FINE B 21.10 11.82 14.55 16.14 13.81 11.00 16.14 13.53 10.33

Cl 21.10 11.82 14.55 16.14 13.81 11.00 16.14 13.53 10.33

GRAINED C2 21.10 11.62 14.55 16.74 13.67 11.00 16.14 13.53 10.33

01 21.10 11.B2 14.55 16.14 13.61 11.00 16.14 13.53 10.33

SOILS· 02 21.10 11.62 14.55 16.14 13.81 11.00 16.14 13.53 10.33

E 21.10 11.62 14.55 16.14 13.61 11.00 16.14 13.53 10.33

F 21.10 11.B2 14.55 16.14 13.81 11.00 16.14 13.53 10.33

A 21.10 21.10 21.10 16.14 18.'12 21.10 16.74 15.64 14.55

COARSE B 21.10 21.10 21.10 16.14 18.92 21.10 16.14 15.64 14.55

Cl 21.10 21.10 21.10 16.14 18.92 21.10 16.74 15.64 14.55

GRAINED C2 21.10 21.10 21.10 16.14 IB.92 21.10 16.14 15.64 14.55

DI 21.10 21.10 21.10 16.74 18.'12 21.10 16.74 15.64 14.55
b

18.92 14.55SOILS 02 21.10 21.10 21.10 16.74 21.10 16.74 15.64

E 21.10 21.10 21.10 16.74 18.92 21. 10 16.14 15.64 14.55

F 21.10 21.10 21.10 16.74 18.92 21.10 16.14 15.64 14.55

A 21.10 21.10 21.10 16.14 18.'12 21.10 16.14 14.12 11.50

8 21.10 21.10 21.10 16.14 18.92 21.10 16.74 14.12 11.50

ORGANIC Cl 21.10 21.10 21.10 16.14 18.92 21.10 16.74 14.12 11.50

C2 21.10 21.10 21.10 16.14 18.92 21.10 16.74 14.12 11.50

SOILS 01 21.10 21.10 21.10 16.14 18.92 21.10 16.14 14.12 11.50

02 21.10 21.10 21.10 16.14 18.92 21.10 16.14 14.12 11.50

E 21.10 21.10 21.10 16.14 18.92 21.10 16.14 14.12 11.50

F 21.10 21.10 21.10 16.14 18.92 21.10 16.74 14.12 11.50

8_ This texture subclass is based on the unified classifications of ct, Q/. 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, GV, 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, C2, VI, D2. E. and F have average slopes of 1,5.8. 11, 15, 19, 26. and 30 percent respectively.

Source: SEWRPC.



c
IWW$ PER FT

Table G- 3
lAND USE DESIGN MODEL

CONSTRUCTION COSTS
THOROUGHFARES URBAN STANDARD ARTERIAL .

lESS THAN 1 FT TO WATI:R TA8lE 1 TO 5 FT TO WATEI( TABLE MORE THAN 5 FT TO WATEI( TABLE

SlOPF.
d lESS TN 2 2-5 MORE TN 5 lE SS TN 2 2-5 MORE TN 5 l ES S TN 2 2-5 MORE TN 5

TO HI:OROCK fa BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO IlEDROCK TO BI:DROCK 10 BEDROCK

A 52.22 52.22 52.22 52.22 52.22 52.22 52.22 ~2.22 52.22

FINE B 52.22 52.22 52.22 52.22 52.22 52.22 52.22 ~2.22 52.22

Cl 52.27 52.26 52.25 52.27 52.25 52.24 52.27 52.25 52.24

CI(AINEO C2 52.31 52.29 52.27 52.31 52.29 52.26 52.31 52.28 52.25

01 52.16 52.B 52.30 52.36 52.32 52.28 52.36 52.31 52.27

SOilS· 02 52.42 52.37 52.13 52.42 52.36 52.10 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 ,2.22 52.22 52.22 52.22 52.22 52.22 ,2.22 52.22 52.22

COARSE B 52.22 52.22 52.22 52.22 52.22 52.22 ,2.22 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 52.2'1 52.27 52.31 52.29 52.26 52.11 52.28 52.25

01 52.36 52.33 52.30 52.36 52.32 52.28 52.36 52.31 52.27

SOllSb 02 52.42 52.37 52.B 52.42 52.36 52.30 52.42 ,2.35 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 57.36 52.38 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 52.80 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

D2 52.42

E 52.53

F 52.72

(ll)

o

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. Sl'. 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 At B. el. C2. Dl. D2. E. and F have average slopes of 1. 5. 8. II, 15. 19, 26. and 30 percent respectively.

Source: SEWRPC.



Table G-ij
LAND USE DESIGN MODEL

CO~STRUCTION COSTS

W~TER TRANS LINES 20 IN DI~ MAIN ONLY -SEPARATE
$ PER FOOT

CD-

LESS THAN 1 FT TO W~TFR T~BLE 1 TO 5 FT TO W~HR TABLE MORE THAN 5 FT TO wATER TABLE

d LESS T~ 2 2-5 ~10RE TN 5 LESS TN 2 2-5 MORE TN 5 LESS TN 2 2-5 I·'ORE TN 5
SLOPE TO BEDROCK 10 REDROCK TO RFDROCK TO HEDROCK TO BEDROCK TO BEDROCK Te BEDROCK TO BEDROCK TO BEDROCK

A 42.74 ~6. 5 7 30.40 37.45 29.52 21.'>9 37 .45 29.23 21.00

FINE B 42.74 36.57 30.40 37.45 29.52 21.'>9 37 .45 29.23 21.00

Cl 42.74 36.57 30.40 31.45 29.52 21.,>~ 37.45 29.23 21.00

GRAINED C2 42.74 36.57 30.40 37.45 29.52 21.59 37.45 29.23 ?l.00

01 42.74 36.57 30.40 31.45 29.52 21.59 37 .45 29.23 21.00

SOILS·a
02 42.74 36.57 30.40 37.45 29.52 21.59 31.45 29.23 21.00

E 42.74 36.57 30.40 31.45 29.52 21.59 37.45 29.23 21.00

F 42.74 36.57 30.40 37.45 n.52 21.59 31.45 29.23 21.00

A 42.74 40.10 37.45 37.45 33.13 30.40 37.45 32.16 26.88

COARSE B 42.74 40.10 31.45 31.45 33.93 30.40 37 .45 32.16 26.1\8

Cl 42.74 40.10 31.45 37.45 33.93 30.40 31.45 32.16 26.88

GRAINED C2 42.74 40.10 37 .45 37.45 33.93 30.40 31.45 32.16 26.88

01 42.74 40.10 37.45 31.45 33.93 30.40 37.45 32.16 26.B8

Sal LS b 02 42.74 40.10 31.45 37.45 33.93 30.40 37.45 32.16 26.88

E 42.74 40.10 31.45 37.45 33.93 30.40 31.45 32.16 26.88

F 42.74 40.10 37 .45 3/.45 33.93 30.40 37.45 32.16 26.88

A 42.74 40.10 37.45 37.45 35.69 33.9:~ 37 .45 30.40 23.35

8 42.74 40.10 31.45 37.45 35.69 33.93 31.45 30.40 23.35

ORGANIC Cl 42.74 40.10 31.45 31.45 35.69 33.93 31.45 30.40 23.35

C2 42.74 40.10 31.45 37.45 35.69 33.93 31.45 30.40 23.35

SOILS 01 42.74 40.10 37 .45 37.45 35.69 33.93 31.45 30.40 23.35

02 42.74 40.10 31.45 31.45 35.69 33.93 31.45 30.40 23.35

E 42.74 40.10. 31.45 37 .45 35.69 33.93 37 .45 30.40 23.35

F 42.74 40.10 31.45 37.45 35.69 33.93 37.45 30.40 23.35

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.

This texture subclass is based on the unified classifications of GP, SM, GW. GM. SP. and SC as described in SEWRf'C Planning Report No.8. Soils of Southeastern Wisconsin.

Costs are in Dollars Per Lineal Foot.
d Slope categories A, B, CI, C2, VI, V2, E, and F have average slopes of 1,5,8, 11, 15, 19, 26, and 30 percent respectively.

Source: SEWRPC.



SITE GRADING ALLOWABLE SLOPE 1PCT

Table G- 5
LAND USE DESIGN MODEL

CONSTRUCTION COSTS
MULTIPLY ALL FIGURES BY 10--1

S PER ACRE C

LESS THA"I 1 FT TO WATER TABLE 1 TO 5 FT TO WATER TABLE MORE THAN 5 FT TO WATER TARLE

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 BE DROCK TO OEDRDCK TO BEDROCK TO REDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK 10 BEDROCK

A

FINE B

CI

Gf(AINEO C2 342.00 270.00 198.00 342.00 243.00 144.00 342.00 234.00 126.00

01 684.00 540.00 396.00 684.00 486.00 28B.00 684.00 468.00 252.00

SOILS a [)2 1140.00 900.00 660.00 1140.00 810.00 480.00 1140.00 7BO.00 420.00

I' 1995.00 1515.00 1155.00 1995.00 1417.50 840.00 1995.00 1365.00 735.00

F 3477.00 2745.00 2013.00 3477.00 2470.50 1464.00 3477.00 2379.00 1281.00

A

COARSE l\

Cl

GRAINED C2 342.00 270.00 198.00 342.00 243.00 144.00 342.00 234.00 126.00

01 684.00 540.00 396.00 684.00 486.00 288.00 6B4.00 468.00 252.00

SOILS b 02 1140.00 900.00 660.00 1140.00 810.00 480.00 1140.00 780.00 420.00

E 1995.00 1575.00 1155.00 1995.00 1417.50 840.00 1995.00 1365.00 735.00

F 3477.00 2'745.00 2013.00 3477.00 2470.50 1464.00 3477.00 2379.00 1281.00

A

B

ORGANIC Cl

C2 342.00 397.80 453.60 342.00 336.60 331.20 342.00 315.00 288.00

SOILS Dl 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

I' 1995.00 2320.50 2646.00 1995.00 1963.50 1932.00 1995.00 1831.50 1680.00

F 3477.00 4044.30 4611.60 3477.00 3422.10 3367.20 3477.00 3202.50 2928.00

A

B

Cl

BEDROCK C2 342.00

01 684.00

02 1140.00

E 1995.00

F 3477 .00

a This texture subclass is based on the unified classifications of cr.. 01. and.l.. as described in SEDPC Planning Report No.8. Soils of Southeastern Wisconsin.
b This texture subclass is based on the unified classifications of GP. SM, aw. GIl. SP. and SC as described in SEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.
C Costs are in Tens of Dollars per Acre Graded.
d Slope categories A. B, CI. e2, VI. D2, E. and F have average slopes of 1.5.8, II, 15. 19. 26. and 30 percent respectively.

Source: SEWRPC.



Table G- 6
LAND USE DESIGN MODEL

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

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 BEOROCK TO BEOROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEOROCK TO BEDROCK

A 65,30 63.80 62.30 61.30 56.80 52.30 57.30 50.80 44.30

FINE 8 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 50.80 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.BO 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 65.80 66.30 61.30 58.80 56.30 57.30 51.30 45.30

COARSE B 65.30 65.80 66.30 61.30 58.BO 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 H.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

B 65.30 H.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

ORGANIC Cl 65.30 H.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

C2 65.30 H.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

SOILS 01 65.30 H.80 78.30 61.30 61.BO 62.30 57.30 52.80 48.30

02 65.30 H.ao 78.30 61.30 61.80 62.30 57.30 52.80 48.30

E 65.30 H.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

F 65.30 H.80 78.30 61.30 61.80 62.30 57.30 52.80 48.30

a This texture subclass is based on the unified classifications of 0...01. and ilL 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. aw, GIl. SP, and SC as described in SE1¥RPC Planning Report No.8. Soils of Southeastern Wisconsin.

C Costs are in Dollars Per Lineal Foot.
d Slope categories A. B, CI. C2. Dl. D2. E. and F have average slopes of 1.5,8. 11, 15, 19, 26. and JOpercent respectively.

Source: SEWRPC.
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LATERALS - SANITARY SEWERS

Table 6-7
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 8EDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK TO BEDROCK

A 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

FINE B 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

Cl 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

GRAINED C2 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

Dl 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

SOILS
a

23.10 18.45 13.20D2 21.08 23.14 19.20 23.10 18.64 13.58

E 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

F 21.08 23.14 19.20 23.10 18.64 13.58 23.10 18.45 13.20

A 21.08 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

COARSE B 21.08 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

Cl 21.08 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

GRAINED C2 21.08 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

Dl 21.08 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

SOILS b
02 21.0B 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

E 21.08 25.39 23.10 23.10 21.45 19.20 23.10 20.33 16.95

F 21.0B 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 14.10

B 21.08 25.39 23.70 23.70 22.5B 21.45 23.10 19.20 14.10

ORGANIC Cl 21.0B 25.39 23.70 23.70 22.58 21.45 23.70 19.20 14.10

C2 27.08 25.39 23.10 23.10 22.58 21.45 23.10 19.20 14.10

SOILS 01 21.08 25.39 23.70 23.70 22.58 21.45 23.10 19.20 14.10

02 21.08 25.39 23.10 23.70 22.58 21.45 23.10 19.20 14.10

E 27.08 25.39 23.70 23.10 22.58 21.45 23.70 19.20 14.10

F 27.08 25.39 23.10 23.70 22.58 21.45 23.10 19.20 14.10

a This texture subclass is based on the unified classifications of CL. CH. and IlL as described in SEWRPC Planning Report No.8. Soils of Southeastern Wisconsin.
b This texture subclass is based on the unified classifications of GP. SII. aw, GIl. SP. and SC as ·described in SEWRl'C Planning Report No.8. Soils of Southeastern Wisconsin.

C Costs are in Dollars Per L.ineal Foot.
d Slope categories A. B. el. e2. Dl, D2. E. and F have average slopes of 1. 5. 8. 11. 15. 19, 26. and 30 percent respectively.

Source: SEWRPC.



RAILROAD MAIN LINE

Table 6-8
LAND USE DESIGN MODEL

CONSTRUCTION COSTS

$ PER fOOT C

00
Of

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 USS TN 2 2-5 MORE TN 5
10 BEOROCK TO BEDROCK TO BEDROCK TO BEOROCK TO BEOROCK TO BEDROCK TO BEDROCK TO ~EOROCK TO BEDROCK

A 20.3B 20.30 20.22 20.38 20.27 20.16 20.3B 20.26 20.14

FINE 8 22.2B 21.80 21.32 22.28 21.62 20.96 22.28 21.56 20.84

C1 24.56 23.60 22.64 24.56 23.24 21.92 24.56 23.12 21.68

GRAINED C2 26.46 25.10 23.14 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 2B.36 25.72 23.08

501 LS a 02 31.02 28.70 26.38 31.02 21.83 24.64 31.02 27.54 24.06

E 36.34 32.90 29.46 36.34 31.61 26.88 36.34 31.1B 26.02

F 45.84 40.40 34.96 45.84 38.36 30.88 45.B4 31.68 29.52

A 20.38 20.30 20.22 20.38 20.27 20.16 20.38 20.26 20.14

CliARSE 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.B4 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 3B.36 30.88 45.84 37.68 29.52

A 20.38 20.44 20.50 20.38 20.31 20.31 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

OKGANIC Cl 24.56 25.30 26.05 24.56 24.49 24.42 24.56 24.20 23.84

C2 26.46 27.51 28.57 26.46 26.36 26.26 26.46 25.95 25.44

SOilS 01 28.36 29.12 31.09 28.36 28.23 28.10 28.36 27.70 27.04

02 31.02 32.82 34.62 31.02 30.85 30.61 31.02 30.15 29.28

E 36.34 39.01 ~1.61 36.34 36.08 35.82 36.34 35.05 33.76

F 45.84 50.06 5~.27 45.84 ~5.4J 45.02 45.84 43.80 41.76

This texture subclass is based on the unified classifications of a, 01. and ilL as described in SEWRPC PlanninA Report No.8, Soils of Southeastern Wisconsin.

b This texture subclass is based on the unified classifications of GP t 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, CI, e2, Dl. D2. E, andF have average slopes of 1,5,8,11,15.19,26. and 30 percent respectively.

Source: SEWRPC.
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APPENDIX H
DATA REDUCTION INITIAL LINKAGE COST

CARD CODE 09

LINK NO.

01

02

03

04

05

06

07

08

09

10

11

lQ

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

COST PER FOOT

0.00

5.00

20.27

14.25

21.10

28.52

18.57

25.34

32.63

10.14

12.26

14.5/t

10.93

13.15

15.63

5.00

42.16

33.40

24.45

18.93

13.52

10.26

63.92

51.61

52.22

28.65

23.41

11.30

12.62

16.60
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APPENDIX I
DATA REDUCTION DIVISION CONNECTIVITY PRICE

CARD CODE 05

CIVISION PRICE OF DIVISION PARENT NO. CEllS INNe. CONNECTION PARENT DIVISION HALF THIS DIVISION DISTANCE

1 1128.75 0 1 472 48500

2 1128.75 1 1 209 28500

3 1128.75 1 2 262 16250

4 1128.75 2 1 124 16000

5 1128.75 2 2 88 22000

6 1128.75 3 1 127 28000

7 1128.75 3 2 110 32000

8 1128.75 4 1 62 16000

9 1128.75 4 2 62 16000

10 1128.75 5 1 55 12000

11 1128.75 5 2 35 12000

12 1128.75 6 1 55 18000

13 1128.75 6 2 81 12000

14 1128.75 7 1 49 18000

15 Ill8.75 10 1 32 12000

16 1128.75 10 2 23 12000

17 1128.75 13 1 33 13500

18 1128.75 13 2 48 16000

19 1128.15 1 2 61 16000
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APPEND IX J
DATA REOUCT ION INITIAL CONDl nONS

CARD CODE 00

CEll MODULE QUANTI TY

189 01 00001

132 01 00002

139 01 00001

145 01 00001

110 01 00001

144 01 00001

295 02 00001

111 02 00001

159 02 00002

152 02 00001

315 02 00001

110 02 00001

119 02 00001

132 02 00009

317 02 00002

138 02 00001

076 02 00001

114 02 00001

074 02 00001

228 02 00001

113 02 00001

122 02 00001

044 02 00001

279 02 00001

048 02 00001

280 02 00001

261 02 00001

246 02 00001

320 03 00001

269 03 00001

134 03 00002

253 03 00004

132 03 00055

272 03 00001

184 03 00001

246 03 00022
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