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Introduction 

This manual must initially be used in conjunction with the 

racam manual in order to explain the calculation and variable 

parameters of Racam. They have not been repeated in this manual. 

The purpose of the input routine or objective is to allow a 

more efficient input operation. One that is less error prone and 

more easily subject to analyst manipulation. A second interim 

objective is to make the RACAM package partially PC (Personal 

Computer) based. While the number crunching and the calculations 

are currently done on a VAX, the data manipulation and preparation 

is done on the PC. 
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Rbase Explanation 

ID)ase is a PC based database system with its own procedural 

langua(1e. The RACAM application built from it is a set of menus, 

information screens and commands contained in a Rbase program. The 

advantage of the system is that the user needs little training to 

intiate work on the system. Many of the functions and commands are 

self explanatory. 

This Rbase application is a data input and management system. 

The menus are choices the user is allowed to make in order to 

enter new data or alter existing data. 

The information screens and commands are the "data entry 

screens that are displayed when the user has completed his menu 

choices, or the brief help screens summarizing the functions of the 

screen. 
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Screens & Functions 

The following is a Schematic Flowchart of menu choices. (N.B. 

All screens are equipped with a help screen by pressing the FlO key 

on the keyboard.) 

Racam Main Menu 
I <---------> Subdivision Data Entry and Modification 
I I <----------> Account Percentages 
I I 
I I 
I I 

<----------> Construction Costs <-----> Interest Rate & 
Subdivision Life 

<-----> Maintenance Costs 
by Subdivision Life 

<-----> Operational Costs 
by Subdivision Life 

<-----> Exit 

<----------> Depth and Diameter Data <-----> watermain unit 
Costs 

<-----> Domestic Sewer Unit 
Costs 

<-----> Storm Sewer unit 
Costs 

<-----> Catchbasin Lead 
Unit Costs 

<-----> Exit 

<----------> Subdivisions Areas 

<----------> Unit Costs 

<----------> 

<-----> Street Requirement 
Unit Costs 

<-----> Manhole and 
Catchbasin unit 
Costs 

<-----> Dwelling and 
Maintenance 
Unit Costs 

<-----> Racam Calibration 
Values 

<-----> Exit 

Link Data 
<-----> Link Data 1 
<-----> Link Data 2 
<-----> Link Data 3 
<-----> Link Data 4 



I <-----> Exit 
I 
I <----------> Node Data 
I 
I <----------> Exit 
I <---------> Reports 

<---------> Exit 

I <----------> Output 
I 
I <----------> Exit 
I 
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Subdivision Data Entry and Modification 

This is the first menu screen that user sees upon execution of 

the Rbase program. It initially gives the user the choice to 

either: 

1. Subdivision Data Entry and Modification: 
- enter and/or alter data, 

2. Reports: 
- produce the required file for uploading, 

3. Exit: 
- leave the program. 
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Choosing option 1. Subdivision Data Entry and Modification, the 

user h~s 7 data entry options available to him in order to 

facili~ate efficient and effective data management. 

1. Ac:count Percentages 
2. Construction Costs 
3. Depth and Diameter Data 
4. Subdivisions Areas 
5. unit Costs 
6. Link Data 
7. Node Data 
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1. Account Percentages 

When the user makes this choice he is immediately shown the 

screen which edits the Account percentages: 

Subdivision •••••••••••••• 
Element Number ••••••.•••• 
Element Name ••••••••••••• 
Account Number .•••••••••• 
Account Name ••••••••••••• 
Percentage .•••••••••••••• 

After this screen the Escape key causes the accperc table to 

be shown in order to directly alter the data in the database. 

Hitting the escape key again will return the user to the 

Subdivision Data Entry and Modification screen. 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Element number and element name identify the subdivision 

elements: (ie. street lights, pavement etc.) 

Account number and account name identify the account that will 

be charged a particular percentage of the construction and or 

maintenance and operating costs. 

Percentage is that percentage of the total costs that the 

account will be charged of the entire elements cost. 
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There are three options (in addition to the exit option) available 

under the construction cost heading: 

Construction costs 
<-----> Interest Rate & 

Subdivision Life 
<-----> Maintenance costs 

by Subdivision Life 
<-----> operational costs 

by Subdivision Life 

They all display the following screen which facilitates 

altering the concost table that stores the interest rate, 

maintenance and operational cost data: 

Subdivision ••••••.••••• 
status ................ . 
Element Number ••••••••• 
Element Name ••••••••••• 
cost .................. . 
Gradient Factor •••••••. 
Interest Rate .•••••••.• 
Life of Element ••••••.• 

After this screen the user has the option upon hitting the 

escape key which will display the concost table and allows direct 

alteration of it. 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Status is the variable that identifies whether the data 

entered is for the Interest Rate & Subdivision Life, or the 

Maintenance costs by Subdivision Life, or Operational Costs by 

Subdivision Life. 



Element number and element name identify the subdivision 

elements: (ie. street lights, pavement etc.) 

Cost is the price of the element, either construction, 

maintenance, or operational cost. 
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Gradient Factor is the financial accounting variable that 

allows calculation of the annual costs of maintaining or paying for 

the element over its lifetime. 

Interest rate is the rate of interest the element or 

subdivision will be charged over the life of the element or 

subdivision. 

Life of the element is the expected seviceable life of the • 

element. 
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Choosing the third option allows the user to alter or enter depth 

and diameter data. Four choices are available (along with the exit 

option) for the user to alter the dpthdia table which contains cost 

tables for various lengths, diameters and permissible operating 

depths of pipes. 

Depth and Diameter Data 

<-----> watermain unit Costs 
<-----> Domestic Sewer Unit Costs 
<-----> Storm Sewer unit Costs 
<-----> Catchbasin Lead·Unit Costs 

Choosing any of the above options will display the following 

screen: 

Subdivision Name •••••••• 
Element Number •••••••••• 
Element Name •••••.•••••• 
Diameter Index .••••• for Depth Index for the Catchbasin option) 
Diameter Range •••••• (for the Watermain option) 
unit Cost ••••••••••••••. 

1. Depth Index for the Domestic sewer option 
Depth Number for the Storm sewer option 
Depth Range for the Catchbasin option 

After this screen the user has the option upon hitting the 

escape key which will display the dpthdia table and allows direct 

alteration of it. 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 



Element number and element name identify the subdivision 

elements: (ie. street lights, pavement etc.) 
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Depth or Diameter index, range, number is the category by 

which the watermain, storm or domestic sewer and catchbasin lead 

pipes are separated for costing purposes. They indicate a range of 

pipe depths or diameters that together with another depth or 

diameter dimension will cost the pipe. The record contains the 

smallest dimension in the range. The cost is relevant up to the 

next range. 

unit cost is the per meter cost of the pipe for the two 

dimension given in the previous variable. 
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Subdivisions Areas 

Choosing the Subdivision Areas option displays the following 

screen for alteration of the subareas table. This table contains 

the elements that are not covered in the other tables. 

Subdivisions Areas 

Subdivision .••••••••• 
Element Number ••••••• 
Element Name ••••••••• 
~~~il ••••••••••••••••• 

After this screen the user has the option upon hitting the 

escape key which will display the subareas table and allows direct 

alteration of it. 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Element number and element name identify the subdivision 

elements: (ie. street lights, pavement etc.) 

Area is the dimension (usually hectares) that the element 

covers (ie. Park, Schools, etc.). 
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unit costs 

Choosing this option allows the user to alter the unit costs 

of the following four elements (along with the exit option): 

unit Costs 
1. street Requirement Unit Costs 
2. Manhole and Catchbasin unit Costs 
3. Dwelling and Maintenance Unit Costs 
4. Racam Calibration Values 

All four options display the following screen for the 

alteration of the unitcost table: 

Subdivision Name ••.••.•• 
Element number ••••..••.• 
Element name ••••••..••.• 
Requirement Number •••••• 
Unit cost ••••••••••••••. 

After this screen the user has the option upon hitting the 

escape key which will display the dpthdia table and allows direct 

alteration of it. 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Element number and element name identify the subdivision 

elements: (ie. street lights, pavement etc.) 

Requirement number is an unused variable at the current time. 

In the future it could be used to group together different classes 



of unit costs for use in analyzing different link/node 

combinations. 

Ul:it cost is the dollar cost of the element. 

14 
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Link Data 

This option allows alteration of the link data for the 

subdivision in the linkdata table. Four screens are available ( 

along with the exit option). 

After these screens the user has the option upon hitting the 

escape key which will display the linkdata table and allows direct 

alteration of it. 

Link Data 
1. Link Data 1 
2. Link Data 2 
3. Link Data 3 
4. Link Data 4 



The Link Data 1 screen displays the following: 

Subdivision ................. . 
origin ...................... . 
Destination ••••••••••••••••• 
Length of link ••••••••••••••• 
Number of Singles ••.••••••••• 
Number of Multis ••••••••••••. 
Area ••••••••••••••••••••••••• 
Saleable Frontage •.•••••••••• 
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Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

origin identifies the origin node of the particular link in 

question. 

Destination identifies the destination node of the particular 

link in question. 

Length of link is in meters. 

Number of singles/multis quantifies the number of single and 

multi-family dwellings on the link. 

Area is the physical area accessed by the link. 

Saleable frontage based on the design of the link and is in 

meters. 



The Link Data 2 screen displays the following: 

Subdivision Name •••••••• 
Road length •••••••••••.• 
Road width •••••••••••••• 
Road Type ••••••••••••.•• 
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Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Road length and width are in meters and measured form node to 

node for length and as a standard or average for width. 

Road type is Racam code to identify various types of roads .• ( 

ie. those leading to a cul-de-sac, etc.) 



T~e Link Data 3 screen displays the following: 

S~division Name •••••••••• 
Sldewalk Length ••••••••••• 
Ba.rrier Length •••••••••••• 
Rolled Length •••.••••••••• 
Boulevard Length •••••••••• 
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S~bdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

All dimensions are in meters. The barrier and rolled lengths 

refer to the curb types. 



The Link Data 4 screen displays the following: 

Subdivision Name ••••••••••• 
Link number ............... . 
watermain Population ••••••• 
Domestic Sewer Population •• 
Storm Sewer Area (ha.) ••••• 

19 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Link Number is an unused variable at the present time. 

watermain population indicates the estimated population of the 

link using water. This number is used for watermain calculations. 

The same for the domestic sewer population. 

Storm sewer area is used to estimate runoff water amounts for 

storm sewer calculations. 



Node Data 

This option allows alteration of the node data for the 

subdivision in the nodedata table. Choosing this option will 

display the following screen: 

Node Data 

Subdivision Name ••••. 
Node Type •••••••••••• 
Node Elevation ••••••• 
Radius .............. . 
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After these screens the user has the option upon hitting the 

escape key which will display the linkdata table and allows direct 

alteration of it. 

Subdivision or Subdivision Name is the key variable that links 

all of the relevant subdivision data together. All data rows have 

this common value in order to identify the data set that deals with 

a particular subdivision. 

Node type is the Racam code differentiating various nodes. 

Node Elevation is the physical elevation of the node, again in 

meters and used for pipe costing. 

Radius is the curve radius of the pavement at the corner or in 

the cul-de-sac. If the node is not at a curve the radius is zero. 



output 

There is only one option in the Output screen that which 

produces the PC file that will be uploaded to the VAX for 

processing. 

21 
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4. Reports 

Tbe report section of the Rbase program automatically produces 

a file that can be uploaded for the execution of the Racam Program 

on the University of Regina's VAX. 
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5. Upload Procedure 

The procedure to upload is as follows: 

. 
This is assuming the kermit package of software resides on the 

users current path/directory and the coax or other cable is plugged 

into the pc. 

1. Execute the Kermit command and logon to the VAX machine and 

the users meena account. 

2. Execute the kermit command in the host and execute the 

receive command in order to be in the recieve mode. 

3. Press Control C (AC) to escape to the PC session and 

execute the send (filename) command. 

4. The PC will display a screen that will indicate the status 

of the operation and will also indicate completion. 
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1. 1 WHAT IS nCAK? 

CHAPTER 1 

INTRODUCTION 

The determination of the most cost efficient 

subdivision development requires a comparison of alternative 

subdivision layouts. This activity involves an assessment 

of construction, operation and maintenance costs for 

subdivision service elements, including water, sewer, 

utilities, roads and public open spaces. 

The Residential Area Cost Analysis Model (RACAM) was 

developed, and computerized to assess ·the construction, 

operation and maintenance costs for a proposed subdivision 

plan. RACAM calculates present and annual costs. 

RACAM is part of a larger computer procedure used for 

subdivision development. This urban modelling and design 

procedure, being developed at the University of Regina, 

includes several models in the pre-design, design, 

evaluation and management phases of subdivision development. 

(Figure 1) 
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1.2 HARDWARE REQUXREMENTS 

RACAM is written to operate on a VAX 8600 running the 

VMS operating system. If changes to the original RACAM code 

are required, a VAX FORTRAN compiler must be accessible on 

the VAX. RACAM should be executed using a VT-100 type 

terminal. 
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CHAPTER 2 

neAl! DA'l'A REQUIREKEN'l'S 

2.1 OVERVIEW 

RACAM requires that a subdivision layout be converted 

to a link and node format. Nodes represent points on the 

subdivision plan (such as corners, intersections and exits), 

and links represent lines connecting these nodes (including 

thoroughfares and easemen~s). The link and node data 

required by RACAM, including link and node characteristics 

and how the links and nodes are connected, are provided in a 

data file for each subdivision layout. 

Economic data is also required by RACAM. This 

information, including unit cost information for subdivision 

service elements, is also provided in a data file, distinct 

from the link and node data. The economic data file is 

specific to the cost data in the municipality where the 

subdivision is being planned. 



2.2 RACAH INPUT DATA FILES 

RACAM requires that the two data files, the economic 

and link/node data files, be created before the program is 

executed. Use the VAX/VMS editor facility to create these 

data files. 

2.2.1 ECONOMIC DATA FILES: 

CREATING A NEW ECONOMIC DATA FILE 

Before creating a new economic data file, it is 

necessary to logon (or gain access ) to the University of 

Regina's VAX 8600 computer, Meena, from a VT-100 terminal. 

LOGIN PROCEDURE 

Press the <RETURN> key on the terminal twice. After a 

beep, the following prompt will appear: 

REQUEST: 

When this prompt appears on the screen, type the following: 

KEENA <RETURN> 

After a beep the following prompt will appear: 

USERNAKE: 
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The user should enter the name of the account which 

contains the RACAM program. Presently, it resides in the 

CURTIS account and can be accessed by entering: 

CURTIS <RETURN> 

The password prompt will then appear: 

PASSWORD: 

This password will be given individually to authorized 

users. Type the password and press the <RETURN> key to 

obtain access and to logon to the account. Some system 

messages will appear on the screen, followed by the dollar 

sign prompt ("$"). The login procedure is now complete. 

ENTERING ECONOMIC DATA 

To begin entering economic data, enter the following at 

the "$" prompt: 

EDIT filename.DAT 

Use a filename that can be easily remembered and relates to 

the area under consideration (eg. Use ECONREGNA.DAT as a 

filename for the economic data file for Regina.) 

After entering this command, the following will appear 

on the screen: 

[EOB] 
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At the bottom of the screen will be the message: 

Input file does not exist 

The following economic data can now be entered. (See Section 

C.l, "SAMPLE DATA FILES: ECONOMIC DATA".) 
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i) INTEREST RATE AND SUBDIVISION LIFE 

~he interest rate and corresponding subdivision life, . 

data indicates the expected service lifespan of a 

subdivision for different interest rates, and is required 

for present worth and annual cost calculations. The 

information in this section includes the following data: 

INTEREST RATE - the interest rate used for present value 

calculation of construction costs. Current or 

projected bank interest rates can be used for the 

interest values. 

SUBDIVISION LIFE - the projected lifespan of the entire 

subdivision. For each of the interest rates described 

above, enter a corresponding subdivision life. 

8 

Compile the data for this section on the "INTEREST RATE 

AND SUBDIVISION LIFE" data sheet (Section A.lol). Enter the 

data into the economic data file from the data sheet 

according to the following format: 

INTEREST RATE (F10.2) SUBDIVISION LIFE (I10) 

The format code "F10.2" indicates that the data entered 

in the "INTEREST RATE" column is ten digits long (including 

the decimal) and two decimals places will be assumed if no 

decimal point is specified (eg 5025 will be read as 50.25). 

'The format code nI10" indicates that the values entered in 



the "SUBDIVISION LIFE" column are integer values and are ten 

digits long. 

When all interest rate and subdivision life values have 

been entered, enter the flag values "-1." and "-1" in the 

~'INTEREST RATE" and "SUBDIVISION LIFE" columns respectively 

(Note the decimal point in the first flag value). This 

section of the economic data file, when complete, should 

look like: 

*******5.0********50 
*******7.0********75 
*******8.0*******100 

*******-1.********-1 } flag values 

with the the "*" characters indicating spaces. 
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ii) STREET REQUIREMENTS 

This information describes unit costs for the various 

street requirements, such as traffic signs and sidewalks. 

The following is a description of each of the unit costs in 

this section: 

a) STREET SIGN ($/SIGN) - material and construction cost 

for installing one street sign 

10 

b) STREET LIGHT ($/LIGHT) - material and construction cost 

for one street light 

c) PARK DEVELOPMENT ($/HECTARE) - unit construction cost 

for park land. This may include the layinq of sod or 

planting of grass, planting of trees, the placement of 

sand or crusher dust, or the installation of playground 

facilities. 

d) BUFFER DEVELOPMENT ($/HECTARE) - unit material and 

construction costs for buffer land. This may include 

the laying of sod or planting of grass, or the planting 

of trees. 

e) COLLECTOR STREET ($/m2) - base and pavement material 

and construction costs for a unit of collector street 

area 

f) LOCAL STREET ($/m2) - base and pavement material and 

construction costs for a unit of local street area. This 

cost will be somewhat less than that for collector 



streets above due to thinner base and pavements 

requirements. 

g) BARRIER CURB AND GUTTER ($/m) - material and 

construction costs for a linear meter of barrier curb 

and gutter (Figure 2, Barrier Curb and Gutter). 
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h) ROLLED CURB AND GUTTER ($/m) - material and 

construction costs for a linear meter of rolled curb 

and gutter (Figure 3, Rolled CUrb and Gutter) • 

.ao",,,, 

l 
S : O.lln/ln 

# • 

" , • 
. " . , . . . . Z> •• I'> • I 

nominal curb tace travelled lane guller 

T or shoulder 

Figure 3, Rolled Curb and Gutter 



i) BOULEVARD CURB AND GUTTER ($/m) - material and 

construction costs for a linear meter of boulevard curb 

and gutter (Figure 4, Boulevard CUrb and Gutter). 

lIIICIian width· 

2.omin. 3.omin. 

- '5 Itf t lu,n ~ay 
I .. 
~, ulllin.i 

it .. --------
• lIIICIilll willth 5.0 m with 0.25 m Dffllt and p'DviliDtl fDI 3.0 m lI't turn lilY. 

median width 5.5 m with 0.50 m Dtt., and provisiDn fDI 3.0 III 11ft turn My. 
C'Da IIDp. 0.01 IIIlm minimum. 0.03 mlm IIIuilllUlll. 

Figure 4, Boulevard CUrb and Gutter 
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Compile this data on the "STREET REQUIREMENT UNIT COST" 

data sheet (Section A.1.2). Enter the data into the data 

file in the same order as on the data sheet and according to 

the following format: 

$/STREET SIGN (FS.2) 
$/STREET LIGHT (FS.2) 

The format code "FS.2" indicates that the data entered for 

this section is eight digits long (including the decimal 

point), and that two decimal places will be assumed if no 

decimal point is entered. When complete, this section of 

the economic data file should look like: 

***10.00 
***20.00 

where the "*" characters indicate spaces. 
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iii) WATERMAIN UNIT COSTS 

This data describes the unit costs of watermain pipe 

for six different pipe diameter ranges. Each pipe diameter 

range corresponds to a watermain diameter index: 

DIA..'1ETER INDEX DIAMETER RANGE (mm) 

1 o - 150 

2 151 - 200 

3 201 - 250 

4 251 - 300 

5 301 - 400 

6 401 - 9999 

Compile the data for this section on the "WATERMAIN 

UNIT COST" data sheet (Section A. 1. 3). Enter the data in 

the economic data file in the same order as on the data 

sheet and according to the following format: 

COST1 (F8.2) COST2 (F8.2) COST3 (F8.2) .•• COST6 (F8.2) 

the format code "F8.2" being described above. When 

complete, this section of the data file should look like: 

***10.00***14.00***15.00***12.00***11.00***13.00 

where the "*" characters indicate spaces. 
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iv) DOMESTIC SEWER UNIT COSTS 

This data describes the unit costs for domestic sewer 

pipes for five different diameter ranges and nine different 

depth ranges. Each diameter range has a corresponding 

domestic sewer diameter index: 

DIAMETER INDEX 

1 

2 

3 

4 

5 

DIAMETER RANGE (mm) 

o - 200 

201 - 250 

251 - 300 

301 - 375 

GREATER THAN 375 
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As well, each depth range has a corresponding domestic seweor 

depth index: 

DEPTH INDEX DEPTH RANGE (o:m) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

o - 3.0 

3.1 - 3.5 

3.6 - 4.0 

4.1 - 4.5 

4.6 - 5.0 

5.1 - 5.5 

5.6 - 6.0 

6.1 - 6.5 

Out of Bounds 



Compile the data for this section on the "DOMESTIC 

SEWER UNIT COST" data sheet (Section A.l. 4). Enter the data 

in the economic data file in the same order as on the data 

sheet and according to the following format: 

cost (depth1,diameter1) (F8.2) ••• ~ost(depth9,diameter1) (F8.2) 

. . ~ 
r-

cost (depth1,diameter5) (F8.2) ••• cost(depth9,diameter1) (F8.2), 

the format code "F8.2" described above. When complete, this 

section of the data file should look like: 

***10.00***12.00***13.00****9.00***13:00 ••• 14.00 
***12.00***14.00***11.00***11.00***19.00 ••• 17.00 

***11.00***12.00***14.00***13.00***15.00 ••• 11.00 

where the "*" characters indicate spaces. 
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v) STORM SEWER UNIT COSTS 

This data describes the unit costs of storm sewer pipes 

for fourteen different diameter ranges and nine different 

depth ranges. Each diameter range has a corresponding storm 

sewer diameter index: 

DIAMETER INDEX DIAMETER RANGE (mm) 

1 0 - 300 

2 301 - 375 

3 376 - 450 

4 451 - 525 

5 526 - 600 

6 601 - 675 

7 676 - 750 

8 751 - 900 

9 901 - 1050 

10 1051 - 1200 

11 1201 - 1350 

12 1351 - 1500 

13 1501 - 1650 

14 1651 - 1800 

Also, for each depth range, there is a corresponding 

storm sewer depth index (See section iv, "DOMESTIC SEWER 

UNIT COSTS" for the depth indexes corresponding to the nine 

depth ranges). 
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Compile this data on the "STORM SEWER UNIT COSTS" data 

sheet (Section A.l.5). Enter the data into the economic 

data file in the same order as on the data sheet, and 

acccr'jing to the following format: 

cost (depthl,diameterl) (F8.2) ••• cost(depth9,diameterl) (F8.2) 

. . 
cost (depthl,diameter14) (F8.2) •• cost(depth9,diameter14) (F8.2) 

the format code "F8.2n being described above. When . 
complete, this section of the data file should look like: 

***10.00***12.00***13.00****9.00***13.00 ••• 14.00 
***12.00***14.00***11.00***11.00***19.00 ••• 17.00 

. , 
***11.00***12.00***14.00***13.00***15.00 ••• 11.00 

where the n*n characters indicate spaces. 
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vi) MANHOLE AND CATCHBASIN UNIT COSTS 

This data describes the costs for catchbasin and manhole 

components. This section of the economic data file includes 

the following unit costs: 

a) MANHOLE: BASE, COVER, RISER, FRAME ($/MANHOLE) - cost 

for the above-ground portion of the manhole. This does 

not include the manhole shaft. 

b) MANHOLE SHAFT ($/m-DEPTH) - cost per meter for the 

shaft leading down from the manhole. 

c) CATCHBASIN: FRAME, COVER ($/CATCHBASIN) - cost for the 

above-ground portion of the catchbasin. This does not 

include the catchbasin shaft. 

d) CATCHBASIN SHAFT ($/m-DEPTH) - cost per meter for the 

shaft leading down from the catchbasin. 

compile the data for this section on the "MANHOLE AND 

CATCHBASIN UNIT COST" data sheet (Section A.l. 6). Enter the 

data in the economic data file in the same order as on the 

data sheet, and according to the following format: 

COST1 (F8.2) 

COST4 (F8.2), 

the format code "F8.2" being described above. When 

complete, this section of data should look like: 
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**900.00 
**150.00 
**800.00 
**900.00 

where the "*" characters indicate spaces. 
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vii) CATCHBASXN LEAD UNXT COSTS 

This data describes the unit costs of catchbasin leads, 

which are pipes leading from the catchbasins to the storm 

sewer pipes. unit costs for catchbasin leads are required 

for nine different depth ranges. For each depth range, 

there is a corresponding depth index (See Section iv, 

"DOMESTIC SEWER UNIT COSTS" for the depth indexes 

corresponding to the nine depth ranges). 

Compile the data for this section on the "CATCHBASIN 

LEAD UNIT COSTS" data sheet (Section A.1. 7). Enter the data 

into the economic data file in the same order as on the data 

sheet, and according to the following format: 

COST1 (F8.2) COST2 (F8.2) .•• COST9 (F8.2), 

the format code "F8.2" being described above. When 

complete, this section of the data file should look like: 

**10.00**11.00**15.00 ••• 14.00 

where the 11*" characters indicate spaces. 



viii) DWELLING AND MAINTENANCE UNIT COSTS: 

This data describes the unit costs for installation of 

services (gas, power, phone) per dwelling, as well as unit 

maintenance costs for the subdivision. This section of the 

economic data file includes the following: 

a) POWER: SINGLE-FAMILY UNIT ($/UNIT) - the construction 

and m~terial costs for providing power to a single

family dwelling unit 

b) POWER: MULTI-FAMILY UNIT ($/UNIT) - the construction 

and material costs for providing power to a multi-. 

family dwelling unit 
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c) GAS: SINGLE-FAMILY UNIT ($/UNIT) - the construction and 

material costs for providing gas for heating to a 

single-family unit 

d) GAS: MULTI-FAMILY UNIT ($/UNIT) - the construction and 

material costs for providing gas for heating to a 

multi-family unit 

e) PHONE: SINGLE-FAMILY UNIT ($/UNIT) - the construction 

and material cost for providing telephone facilities to 

a single-family unit 

f) PHONE: MULTI-FAMILY UNIT ($/UNIT) - the construction 

and material cost for providing telephone facilities to 

a multi-family unit 

g) STREET SWEEPING ($/Km/YR) - the yearly street-sweeping 

cost per kilometer of subdivision street 



h) WINTER ROAD MAINTENANCE ($/Km/YR) - the yearly cost for 

ploughing, sanding and salting a kilometer of 

subdivision street 

i) ASPHALT MAINTENANCE ($/Km/YR) - includes the filling of 

potholes and repairing of cracks in subdivision streets 

- j) CONCRETE MAINTENANCE ($/Km/YR) - includes the filling 

of potholes, regrading of worn surfaces and repairing 

of cracks for sections of concrete (sidewa1ks,curbs) in 

the subdivision 

k) SEWER MAINTENANCE ($/Km/YR) - includes the removal of 

debris, annual cleaning of pipes, opening of fire 

hydrants to clear lines, and the checking sewer valves 

1) SOLID WASTE COLLECTION ($/HECTARE/YR) - annual garbage 
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collection cost 

m) STREET LIGHT MAINTENANCE ($/LIGHT/YR) - annual cost for 

repair or replacement of damaged street lights 

n) PARK AND BUFFER MAINTENANCE ($/HECTARE/YR) - includes 

the cost of such things as mowing and watering lawns 

compile this data on the "DWELLING AND MAINTENANCE UNIT 

COSTS" data sheet (Section A.l.S). Enter the data into the 

economic data file in the same order as on the data sheet 

and according to the following format: 

COSTl (F8.2) 
COST2 (F8.2) 

COST15 (F8.2) 



the format code IF8.2" being described above. When 

complete, this section of the data file should look like: 

**112.00 
**150.00 
***99.00 

**190.00 

where the "*" characters indicate spaces. 
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ix) RACAM CALIBRATION VALUES 

This data describes all the calibration values used in 

RACAM. These calibration values may be obtained from 

municipal engineering departments, or the RACAM defaults may 

be used as described below. The'data input in this section 

of the economic data file includes: 

a) POPULATION DENSITY (PEOPLE/UNIT) - the average number 

of people living in each dwelling unit. If 0.0 is 

entered for this value, the default value of 3.35 

people/unit is assumed. 

b) WATERMAIN MINIMUM VELOCITY (m/s) - the minimum 

allowable water velocity in any watermain pipe. This 

value is determined by local standards and geography. 

If 0.0 is entered for this value, the default value of 

1.75 m/s is assumed. 

c) MANNING'S ROUGHNESS (unitless) - indicates the 

roughness of the material being used for sewer and 

watermain pipes. This value can be found for different 

materials in most fluid mechanics texts or from local 

suppliers. If 0.0 is entered for this value, the 

default value of 0.013 is assumed. 

d) DOMESTIC WATER USE (m3/PERSON/DAY) - the estimated 

daily water consumption for each person in the 

subdivision. If 0.0 is entered for this value, the 

default value of 0.5678 m3/person/day is assumed. 
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e) WATER USE SAFETY FACTOR eunitless) - used in the 

design of watermain and domestic sewer systems to allow 

for peak periods of water use. The value specified 

here is the number of times the domestic water use 

(above) the watermain and domestic sewer systems should 

be designed for. If 0.0 is entered for this value, the 

default value of 2 is assumed. 

f) DOMESTIC SEWER COVER DEPTH em) - the minimum amount of 

ground cover for domestic sewer pipes. If 0.0 is 

entered for this value, the default value of 2.75 m is 

assumed. 

g) DOMESTIC SEWER MINIMUM VELOCITY em/s) - the minimum 

allowable velocity in any domestic sewer p~pe. This 

value is determined by local standards and geography. 

If 0.0 is entered for this value, the default value of 

0.61 m/s is assumed. 

h) DOMESTIC SEWER MAXIMUM VELOCITY em/s) - the maximum 

allowable velocity in any domestic sewer pipe. This 

value is determined by local standards and geography. 

If 0.0 is entered for this value, the default value of 

2.75 m/s is assumed. 

i) STORM SEWER COVER DEPTH em) - the minimum amount of 

ground cover for storm sewer pipes. If 0.0 is entered 

for this value, the default value of 3.35 m is assumed. 
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j) STORM SEWER MINIMUM VELOCITY (m/s) - the minimum 

allowable velocity in any storm sewer pipe. This value 

is determined by local standards and geography. If 0.0 

is entered for this value, the default value of 0.61 

m/s is assumed. 

k) STORM SEWER MAXIMUM VELOCITY (m/s) - the maximum 
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allowable velocity in any storm sewer pipe. This value 

is determined by local standards and geography. If 0.0 . 

is entered for this value, the default value of 3.65 

m/s is assumed. 

1) MANHOLE SPACING (m) - the maximum spacing between 

manholes on a street. If 0.0 is entered for this 

value, the default value of 100 m is assumed. 

m) STREET LIGHT SPACING (m) - the maximum spacing between· 

street lights on a street where street lights are 

required. If 0.0 is entered for this value, the 

default value of 70 m is assumed. 

Compile the above data on the "RACAM CONSTANTS" data 

sheet (Section A.l.8). Enter the data into the economic 

data file in the same order as on the data sheet, and 

according to the following format: 

POPULATION DENSITY (F8.2) 
WATERMAIN MIN. VELOCITY (F8.2) 

the format code "F8.2" being described above. When this 

section of the data file is complete, it should look like: 



****3.45 
****0.70 

where the "*" characters indicate spaces. 
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x) A·:COUNT NAMES AND NUMBERS 

This data describes the names and numbers of the 

accounts among which the subdivision costs are divided. The 

following is included in this data section: 

a) ACCOUNT NAME - the name of the account to which a 

potion of the subdivision costs are allotted 

b) ACCOUNT # - the number of the account corresponding to 
. 

the account name above 

Compile the data for this section on the "ACCOUNT NAMES 

AND NUMBERS" data sheet (Section A.l. 9). Enter the data 

into the economic data file from the data sheet according to 

the following format: 

ACCOUNT # (A12) ACCOUNT NAME (A35) 

The format code "A12" indicates that the data entered in the 

ACCOUNT # column is alpha-numeric (includes both numbers and 

letters) and is twelve characters long, while the format 

code "A35" indicates that the data entered in the ACCOUNT 

NAME column is alpha-numeric and is thirty-five characters 

long. 

When all account names and numbers have been entered, 

the flag value "-1" must be entered in both the "ACCOUNT #" 

and "ACCOUNT NAME" column. When complete, this section of 

the data file should look like: 



123-456-7890*********************CITY OF REGINA 
*234-345-456***************SPIKE'S CONSTRUCTION 

**********-1*********************************-1 

where the "*" characters indicate spaces. Note that the 

account names, numbers and flags are placed as far to the 

right as possible in their respective areas. 
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xi) ACCOUNT PERCENTAGES BY SOBDIVISION ELEMENT: 

This data describes the percentages of each of the 21 

subdivision element allotted to each of the accounts 

specified in the previous section of the data file. The 

information for this section may be obtained from municipal 

engineering departments. 

This section includes the following: 

a) # OF ACCOUNTS FOR EACH ELEMENT - indicates the number 

of accounts to which the subdivision element costs are 

allocated (eg.There may be three accounts to which the 

costs for element #1 are allotted, so enter a "3" in 

this position.) 

b) # OF EACH ACCOUNT - the number of the account 
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contributing to the cost of the subdivision element. 

Note that this is not the account number but the number 

specifying the position of the account in the previous 

section. If, for example, one of the accounts to which 

the cost for an element are allocated was the third 

account entered in the "ACCOUNT NAMES AND NUMBERS" 

section above, the number for this account is "3". 

c) PERCENTAGE - the percentage of the subdivision element 

allocated to the account specified above. Enter the 

percentage as a fraction of 1 (eg. 1% is entered as 

0.1) • 

L O.ot 



Compile the data for this section on the "ACCOUNT 

PERCENTAGES BY SUBDIVISION ELEMENT" data sheet (Section 

A.1.10). Enter the data into the economic data file in the 

same order as on the data sheet and according to the 

following format: 

# OF ACCOUNTS FOR ELEMENT #1 (I10) 
# OF FIRST ACCOUNT (I10) PERCENTAGE (F10.2) 
# OF SECOND ACCOUNT (I10) PERCENTAGE (F10.2) 

# OF ACCOUNTS FOR ELEMENT #2 (I10) 

# OF ACCOUNTS FOR ELEMENT#21 (I10) 

the format codes "I10" and "F10.2" as described 

previously. When this data section is completed, it should 

look like: 

*********2 
*********1******0.20 
*********4******0.15 
*********3 
*********2******0.19 
*********4 *****0.13 
*********5******0.20 

(up to element #21) 

(for element #1) 

(for element #2) 

where the "*" characters indicate spaces. 
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xii) MAINTENANCE COSTS BY SUBDIVISION ELEMENT 

~his data describes the maintenance-cost information· 

for each of the 21 subdivision elements. This information 

can be obtained from municipal engineering departments. The 

following is included in this section: 

a) COST - the unit maintenance cost for each subdivision 

element. 

b) GRADIENT - the amount that the above maintenance cost 

will increase annually 

c) INTEREST - the interest rate on the maintenance cost 

above 

Compile the data for this section on the "MAINTENANCE 

COST BY SUBDIVISION AREA" data sheet (Section A.1.11). 

Enter the data into the economic data file in the same order 

as on the data sheet and according to the following format: 

COST1.(F10.2) GRADIENT1(F10.2) RATE 1 (F10.2) LIFE1(I10) 

COST21(F10.2) GRADIENT21(F10.2) RATE21(F10.2) LIFE21(I10), 

the format codes "F10.2" and "I10" being explained above. 

When complete, this data section should look like: 

*******10.******401.********8.*********6 
*******13.******500.********7.*********5 

*******14.******476.********9.*********8 (21 st line) 
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where the "*" characters indicate spaces. 



xiii) OPERATION COSTS BY SUBDIVISION ELEMENT 

This data describes the operation cost information for 

each of the 21 subdivision elements. The following is 

included in this section: 

a) COST - the unit operation cost for each subdivision 

element. 

b) GRADIENT - the amount that the above operation cost 

will increase annually 

c) INTEREST - the interest rate on the operation cost 

above 

Compile the data for this section on the "OPERATION 

COST BY SUBDIVISION ELEMENT" data sheet (Section A.1.12). 

Enter the data in the economic data file in the same order 

as on the data sheet and according to the following format: 

COST1(F10.2) GRADIENT1(F10.2) RATE1(F10.2) LIFE1(I10) 

COST21(F10.2) GRADIENT21 (F10.2) RATE21(F10.2) LIFE21(I10), 

the format codes "F10.2" and "I10" being explained above. 

When complete, this data section should look like: 

********1.*******11.******8.77*********6 
*******.85*******15.******7.63*********5 

*******.97*******16.******5.43*********8 (21 st line), 
where the "*" characters indicate spaces. 
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2.2.2 LINK AND NODE DATA FILES: 

CREATING A NEW LINK AND NODE DATA FILE 

Before creating a new link and node data file, it is 

necessary to logon to the University of Regina's VAX 8600 

computer, Meena (See "LOGIN PROCEDURE" above.), if you have 

not already done so. 

ENTERING LINK AND NODE DATA 

To begin entering link and node data, enter the 

following at the "$" prompt: 

EDIT filename.DAT 

Use a filename that can be easily remembered and relates to 

the area under consideration (eg. Use LINKREGNA.DAT as a 

filename for the link and node data file for Regina.) 

After entering this command, the following will appear 

on the screen: 

[EOB] 

At the bottom of the screen will be the message: 

Input-file 40es not exist 

The following link and node data can now be entered. (See 

Section C.2, "SAMPLE DATA FILES: LINK AND NODE DATA".) 
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i) NODE DATA 

rrhis data describes the nodes used for a subdivision 

plano This data includes the following information entered 

in numerical order by node number: 

a) NODE TYPE - defined by where the node is located. 

The different node types are: 

1 - terminal (dead-end, cul-de-sac) 

2 - directional (corners) 

3 - three-way intersection 

4 - four-way intersection 

5 - other, including ,easements 

Placing a minus sign ("_") in front of the node type 

indicates that the node is at an entrance or exit to the 

subdivision. 

b) NODE ELEVATION (m)- the ground elevation at the 

location of the node. This elevation may be obtained from a 

contour map of the subdivision. 

c) RADIUS (m) - the radius associated with a node. 

This is entered as a non-zero number only for nodes at bulb 

corners and cul-de-sacs. For all other cases, enter "0.0" 

for this entry. 

In the case of bulb corners, the radius is measured 

from the center of curvature of the inside curve to the 
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outside of the bulb-corner, through the node. For a cul-de-

sac, measure the radius from the node to the outside of the 

curved part of the cul-de-sac. 

Compile the data for this section on the "NODE DATA" 

data sheet (Section A.2.1). Enter the data into the link 

and node data file in the order on the data sheet and 

according to the following format: 

NODE TYPE(I10) ELEVATION (FlO. 2) RADIUS (F10.2) (for node 1) 
(for node 2) 

the format codes "I10" and "F10.2" being described above. 

After all node data has been entered, enter the flag values 

"99","99." and "99." for the node type, elevation and radius 

respectively (note the placement of decimal points). When 

completed, this data section should look like: 

*********2******25.2*******5.2 
*********4******45.8*******0.0 

********99*******99.*******99. 

where the "*" characters indicate spaces. 
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ii) LINK DATA I 

This data describes the links used for a subdivision 

concept plan. This section of the link and node data file 

includes the following entered in numerical by link number: 

a) ORIGIN NODE - the number of the node at one end of the 

link 

b) DESTINATION NODE - the number of the node at the other 

end of the link 

c) LINK LENGTH - the distance between the origin and 

destination node for the link 

d) SINGLE-FAMILY UNITS - the number of single-family units 

on the current link. This information should be part 

of the subdivision concept plan. 

e) MULTI-FAMILY UNITS - the number of multi-family units 

on the current link. This information should be part 

of the subdivision concept plan. 

f) DRAINAGE AREA - the total area which drains into the 

current link. This can be determined from a contour 

map of the subdivision. 

g) FRONTAGE - the total saleable frontage on the current 

link, including land for single- and multi-family 

dwellings. The saleable frontage is measured 6m from 

the street, except in the case of reverse-pie shaped 

lots where it is measured 18 m from the front of the 

lot. Frontage data can be obtained from a concept plan 
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of the subdivision, and both sides of the street must 

be considered for each link. 

Compile the data for this section on the "LINK DATA I" 

data sheet (Section A.2.2). Enter the data into the link 

and node data file in the same order as the data sheet: and 

according to the following format: 

ORG DST(I10) LNG SGL MLT DRNG FRTG(F10.2) 

where: 

ORG = ORIGIN NODE 

DST = DESTINATION NODE 

LNG = LINK LENGTH 

MLT = MULTI-FAMILY UNITS 

DRNG = DRAINAGE AREA 

FRTG = FRONTAGE 

The format codes "110" and "F10.2" are described above. 

After all the link data has been entered, enter the 

flag value "-1" for the origin and destination nodes, and "-

1." (note decimal) for the remainder of the data. When 

complete, this data section should look like: 
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where the "*" characters indicate spaces. 
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iii) LINK DATA II 

This data describes the road information associated 

with each link. It includes the following information, 

entered in numerical order by link number: 

a) ROAD LENGTH (m) - the length of the road for each link. 

In most cases, the road length should be the same 

length as the link length. If there is no road on a 

link, the road length should be entered as "0.0". 

b) ROAD WIDTH (m) - the width of the road for each link. 

If there is no road on a link, the road width should be 

entered as "0.0". 

c) ROAD TYPE - the type of road on each link. A road may. 

be one of two types - collector or local. Enter a "1" 

for a collector street or "2" for a local street. 

Compile the data for this section on the "LINK DATA II" 

data sheet (Section A.2.3). Enter the data in the same 

order as on the data sheet and according to the following 

format: 

ROAD LENGTH(F10.2) ROAD WIDTH(F10.2) ROAD TYPE (110) 

the format codes "F10.2" and "110" being described above. 

When complete, this data section should look like: 



****135.64*****26.00*********2 
****123.45*****10.00*********1 

(for link #1) 
(for link #2) 

where the "*" characters indicate spaces. 
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iv) LINK DATA III 

This data describes the sidewalk information associated 

with each link. It includes the following: 

a) SIDEWALK WIDTH (m)- the width of the sidewalk 

associated with the link. If there is no sidewalk on 

the link, enter "0.0" for this value. 

b) BARRIER CURB AND GUTTER LENGTH (m) - the length of 

barrier curb and gutter on the link. If there is no 

barrier curb and gutter on the link, enter "0.0" for 

this value. 
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c) ROLLED CURB AND GUTTER LENGTH (m) - the length of 

rolled curb and gutter on the link. If there is no 

rolled curb and gutter on the link, enter "0.0" for 

this value. 

d) BOULEVARD CURB AND GUTTER LENGTH (m) - the length of 

boulevard curb and gutter on the link. If there is no 

boulevard curb and gutter on the link, enter "0.0" for 

this value. 

Compile the data for this section on the "LINK DATA 

III" data sheet (Section A.2.4). Enter the data in the same 

order as on the data sheet and according to the following 

format: 

WIDTH(F10.l) BARRIER (FlO. 1) ROLLED(F10.l) BLVD(F10.l) 



the format code "F10.1" indicating that the data in each of 

the four columns is read as ten digits long (including 

deciillal points and spaces) and one decimal place is assumed 

if no decimal point is entered. When complete, this data 

section should look like: 

*******1.6****126.00*****106.7*******9.1 
******1.45****110.00*****100.1*******0.0 

where the "*" characters indicate spaces. 

(for link #1) 
(for link #2) 
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v) LINK DATA IV 

This data describes initial population and area 

information required for domestic and storm sewer 

calculations. It includes the following: 

LINK # - the number of the link which requires initial 

population or area information 

WATERMAIN POPULATION - the initial population of the link 

for watermain calculations. This population consists 

of people that are not considered part of the 

residential sector who are serviced by the watermain 

for the link. This population includes people using a 

school or working in a commercial complex within the 

study area, as well as people located outside the study 

area being serviced by a watermain within the study 

area. 

DOMESTIC SEWER POPULATION - the initial population of the 

link for domestic sewer calculations. This population 

includes people that are not considered part of the 

residential sector (as described above for "WATERMAIN 

POPULATION") but are serviced by a domestic sewer pipe 

within the study area. 

STORM SEWER AREA (Ha.) - the initial drainage area of the 

link for storm sewer calculations. This area consists 

of land that is not considered part of the residential 

sector which is drained by the storm sewer pipe for the 
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link. This area includes large parking lots, such as 

those near schools and commercial areas, and land areas 

outside the study area that are serviced by a storm 

sewer within the study area. 

Compile the data for this section on the "LINK DATA IV" 

data sheet (Section A.2.5). Enter the data into the link 

and node data file from the data sheet according to the 

following format: 

#(110) WPOP(F10.2) DSPOP(F10.2) SSAREA(F10.2) 

the format codes "110" and "F10.2" being described above. 

After all the link data for this section has been entered, 

the flag value "-1" should be entered in the "LINK #" column 

and the flag "-1. II should be entered in the other three 

columns (Note the decimal point) When complete, this data 

section should look like: 

********11*******1.0*******0.0*******0.0 

-1 -1. -1. ';"1. 

where the "*" characters indicate spaces. Note that this 

data need only be entered for links where initial values are 

required for calculations. 
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vi) SUBDIVISION AREAS 

This data consists of the areas for the various 

subdivision sections. It includes the following: 
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a) PARK AREA (Ha.)- the total park area in the subdivision 

b) BUFFER AREA (Ha.) - the total buffer area in the 

subdivision. This includes areas which provide a 

buffer between lots and streets as well as public land 

not considered park land. 

c) SCHOOL AREA (Ha.) - the total subdivision area devoted 

to schools 

d) MULTI-FAMILY DWELLING AREA (Ha.) - the total 

subdivision area devoted to multi-family units 

e) COMMERCIAL AREA CHa.) - the total commercial area in 

the subdivision 

f) OTHER (Ha.) - includes all land not accounted for in 

the above categories 

g) TOTAL SUBDIVISION AREA (Ha.) - the total area of all 

land in the subdivision 

Compile the data for this section on the "SUBDIVISION 

AREAS" data sheet (Section A.2.6). Enter the data in the 

same order as on the data sheet and according to the 

following format: 



PARi'. AREA (FlO. 2) 
BUFFER AREA (F10.2) 

the format code "F10.2" being described above. After all 

the area information has been entered, enter the flag value 

11-1". When this section is complete, it should look like: 

******7.37 
******0.27 

********-1 

where the "*" characters indicate spaces. 
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3 • 1 RUNNING RACAM 

CHAPTER 3 

RACAM OPERATION 

Before running RACAM, it is necessary to logon to the 

University of Regina's VAX 8600 computer, Meena, from a VT-

100 terminal. (See Section 2.1.1, "ECONOMIC DATA FILES: 

LOGIN PROCEDURE".) 

The RACAM program requires execution of the main RACAM 

routine, RCMAIN. Enter the following at the dollar sign 

,prompt to do so: 

RUN ReMAIN <RETURN> 

The RACAM heading will appear on the screen. Press <RETURN> 

to continue. 

The next prompt to appear is: 

Please, enter the Dame of the OUTPOT file: 

Enter the name of the filename to where the RACAM output is 

to be written, then press <RETURN>. Enter the filename in 

the form "filename.dat". The extension (the last three 

letters following the period) "dat" indicates that the file 

where the RACAM output is to be written is a data file. If 

the extension is omitted, and the filename is entered in the 
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form "filename", the ".dat" extension is assumed. 

"Filename" can be up to 39 characters long. 

The following prompt is: 

ECONOMIC DATA 

Please, enter the name of the INPUT file: 

Enter the name of the file containing the economic data for 

the area being considered. Although this file is a data 

file, and thus has the extension "dat", it is not necessary 

to include this extension when entering the filename. This 

file must have been previously created for RACAM to continue 

execution. If the data file has not been created, RACAM 

will respond with: 

F I L E NOT F 0 U N D 

FORTRAN STOP 

If an error has been made while entering the filename, 

re-execute RACAM by typing the following command: 

RUN RCMAIN <RETURN> 

otherwise, create an economic data file before 

executing RACAM again. (See section 2.2.l,"ECONOMIC DATA 

FILES: CREATING A NEW ECONOMIC DATA FILE".) 

After RACAM has completed reading the economic data 

file, the following prompt will appear: 
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LIN K / NOD E D A T A 

Please, enter the name of the INPOT file: 

Enter the name of the link/node data file for the study 

area. Like the economic data file, the link/node data file 

must be created before executing RACAM. otherwise the 

message: 

F I L E NOT F 0 0 N D 

FORTRAN STOP 

will appear. If an error is made while entering the 

data file name, re-execute RACAM, otherwise create the 

required link/node data file. (See Section 2.2.2,"LINK AND 

NODE DATA FILES: CREATING A NEW LINK AND NODE DATA FILE".) 

RACAM will print a list of default values which are 

used in calculations and then show the message: 

PROCESSING ••••••• 
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This message indicates that RACAM is analyzing the 

subcivision plan. The analysis requires approximately 30 

seccnds for a subdivision of 70 nodes. but this time 

VariG3, depending upon depending on the size of the 

subdivision (number of nodes and links), and how many other 

users are accessing the VAX 8600. After the calculations 

have been completed, RACAM returns a dollar sign ($) 

indicating that program execution has been successfully 

completed. 
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3.2 RACAM DIAGNOSTIC MESSAGES 

During program execution, RACAM indicates the 

occurrence of errors and provides information regarding 

operation of RACAM using diagnostic messages. These 

diagnostic messages may be written to the screen during 

RACAM execution, or to a file titled "ERRORFlLE.DAT". 

There are two types of diagnostic messages. The first, 

TYPE 1, is a statement appearing on the screen which states 

that an error has occurred, or indicates that RACAM is 

operating normally. The second type of diagnostic message, 

TYPE 2, which is written to the file "ERRORFlLE.DAT", 

appears in the form: 

mmmmm .•. -n-iiiiii ••.. 

where: 

1. "mmmnun •.• " is a module (subroutine) name 

indicating where the message originates. 

2. "n" is a letter indicating the type of 

message. The message may be one of three 

types: 

a) E - indicating an 

unrecoverable error has 

occurred. 

b) I - indicating an 

informational message only. 
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c) W - indicating a warning. An 

error has occurred but the 

program will try to 

continue processing. 

3. "iiiiii. .. " is additional information 

regarding the diagnostic message. 
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3.2.1 TYPE 1 MESSAGES 

a) Message: FILE INCOMPLETE 

Routines: INDAT1, INDAT2 

Explanation: This message appears on the screen after an 

input filename has been entered. It indicates RACAM input 

routines have not detected the end-of-file flag for the 

input file last specified (link and node, or economic data 

file). Either the data file has not been completed, or the 

end-of-file flag was not entered. 

Action: If the data file last specified before the message 

appeared is incomplete, enter the remainder of the data, 
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ensuring that the file is terminated with the appropriate 

end-of-file flags. If the file simply is not terminated with 

the appropriate end-of-file flags, add these flags to the 

end of the file. (See page 17, "CREATING DATA FILES" for 

information on end-of-file flags and editing a data file.) 

b) Message: F I LEN 0 T 
FORTRAN STOP 

Routine: IOFILE 

F 0 U N D 



Explanation: This message appears on the screen after an 

ir~put filename has been entered. It indicates that RACAM 

cc~ld not find the specified file for data input. The 

"FORTRAN STOP" portion of the message indicates that program 

execution is stopped in this case. 

Action: If a spelling mistake or typographical e~ror was 

made while entering the name of the input file, execute 

RACAM from the beginning, assuring that the filenames are 

spelled correctly while "entering them (See page 41, "Running 

RACAM"). If, however, no mistakes were made in the filename, 

the file does not exist and must be created before executing 

RACAM using that particular filename as an input file. 

c) Message: COMPLETED ..• 

Routine: INDAT1,INDAT2 

Explanation: This message appears on the screen after an 

input filename has been entered. It indicates that the data 

file specified has been successfully read. This message may 

appear on the screen for only a short period (one second or 

less). 

d) Message: PROCESSING ••• 

Routine: RCMAIN 
Explanation: This message appears on the screen after the 
output filename and the input filenames have been entered. 
It indicates that RACAM is doing calculations and writing 
information to the output file. 
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3.2.2 TYPE 2 MESSAGES 

a) Message: CATBAS-W-No drainage ( flat surface for link # 
xx ) 

Routine: CAT BAS 

Explanation: This message is written to ERRORFlLE.DAT if 

both origin and destination nodes for a given link are at 

the same elevation. 

b) Message: CATBAS-W-No drainage at exit node # xx 

Routine: CAT BAS 

Explanation: This message is written to ERRORFlLE.DAT if all 

the nodes connected to a subdivision exit node by links are 

of lower elevation than the exit node. 

Action: No user actions are necessary. RACAM will make 

appropriate adjustments in its calculations to account for 

the higher elevation of the exit node. Cutting and filling 

may be done by the program in this case. 

c) Message: ERRCHK-I-Link # xx has the same node at each end 

Routine: ERRCHK 

Explanation: This message is written to ERRORFlLE.DAT if the 

two node numbers entered for a link in the link and node 

60 



data file are the same. This condition is improbable, since 

it indicates a link that does not go anywhere. 

Action: If, in this case, a link that has the same nodes at 

each end is not intended, enter the appropriate node numbers 

in the link and node data file for the link specified. (See 

page 17, "Creating Data Files") 

d) Message: CREATE-I-Link # xx has no path to an exit. 

Routine: CREATE 
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Explanation: This message indicates that the link specified 

is not connected to an exit node, either directly or through 

.other links. 

Action: If the specified link is supposed to be connected to 

an exit node, there is an error in the link and node data 

file. Check to make sure that all the link and node data has 

been entered correctly and make the appropriate corrections. 

(See page 17, "Creating Data Files") 

e) Message: CREATE-I-A path choice was made in domestic 

sewer system: 

- Link not chosen - # xx 
- Link chosen - # YY 
- Location (node) - # zz 

Routine: CREATE 



Explanation: This message indicates that one link was chosen 

over another during the domestic sewer design procedure. The 

node at which this choice took place is also indicated. 

f) Message: CREATE-I-A path choice was made in storm sewer 

system: 

- Link not chosen - # xx 
- Link chosen - # yy 
- Location (node) - # zz 

Routine: CREATE 
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Explanation: This message indicates that one link was chosen 

over another during the storm sewer design procedure. The 

node at which this choice took place is also indicated. 



CHAPTER 4 

RACAM OUTPUT 

4.1 VIEWING RACAM OUTPUT 

All data output during RACAM execution is written to 

the output data file specified at the prompt: 

Please, input the name of the INPUT file: 

This RACAM output is written in tabular and graphical 

format. 

Two methods of viewing a RACAM output data file exist. 

The first method uses the VAX/VMS TYPE command. At the "$" 

prompt, enter command TYPE, followed by the RACAM output 

filename, "filename.dat". Note that the extension "dat" is 

required. The RACAM output file will be printed on the 

screen which will quickly scroll. To halt the scrolling, 

press <Ctrl-S>. (Press the "Ctrl" key then press the "S" 

key.) To resume scrolling, press <Ctrl-Q>. 
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The second method to view the RACAM output data file is 

to obtain a hard-copy (printout). Enter the command PRINT at 

the "$" prompt, followed by "filename.dat". (Note: 

variations of the PRINT command may be used depending on the 

configuration of the system in use - see VAX manuals for 

more information on the PRINT command.) Specify the "dat" 

extension for this command. This PRINT command will send the 

RACAM output data file to the default printer. RACAM will 

generate approximately 60 pages of output for a subdivision 

with 70 nodes, the number of pages increasing with the size 

of the subdivision. 
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4.2 OUTPUT DESCRIPTION 

The RACAM output data file includes the RACAM analysis 

information, and some of the original information from the 

input data files. The information written to the RACAM 

output data file includes: 

4.2.1 unit Costs 

This first section of the output data file comprises 

the unit costs for the subdivision. These are the same unit 

costs that are entered in the economic data input file. 

This unit cost output data can be compared with the original 

. unit cost input data to check for errors in the economic 

input data file. For an explanation of the unit cost data 

elements, refer to the section listed with each element 

below. 

The output for this section appears in the following 

format: 

DESCRIPTION 
(Subdivision element 
or service) 

UNITS UNIT PRICE 

The unit cost data for subdivision elements or services is 

output in the following order: 

1. STREET SIGN ($/INTERSECTION) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (ii) 

2. STREET LIGHT ($/LIGHT) - section 2.2.1, ENTERING 

ECONOMIC DATA, (ii) 
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3. COLLECTOR STREET ($/m2) - Section 2.2.1, ENTERING 

ECONOMIC DATA, (ii) 

4. LOCAL STREET ($/m2 ) - Section 2.2.1, ENTERING 

ECONOMIC DATA, (ii) 

5. SIDEWALK ($/m2 ) - Section 2.2.1, ENTERING ECONOMIC 

DATA, (ii) 

6. BARRIER CURB AND GUTTER ($/m) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (ii) 

7. ROLLED CURB AND GUTTER ($/m) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (ii) 

8. BOULEVARD CURB AND GUTTER ($/m) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (ii) 

9. PARK DEVELOPMENT ($/Ha) - Section 2.2.1, ENTERING 

ECONOMIC DATA, (viii) 

10. BUFFER DEVELOPMENT ($/Ha) - section 2.2.1, ENTERING 

ECONOMIC DATA, (viii) 

11. POWER: SINGLE-FAMILY DWELLING UNIT ($/UNIT) - Section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

12. POWER: MULTI-FAMILY DWELLING UNIT ($/UNIT) - Section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

13. GAS: SINGLE-FAMILY DWELLING UNIT ($/UNIT) - section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

14. GAS: MULTI-FAMILY DWELLING UNIT ($/UNIT) - section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

15. PHONE: SINGLE-FAMILY DWELLING UNIT ($/UNIT) - Section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 
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16. PHONE: MULTI-FAMILY DWELLING UNIT ($/UNIT) - Section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

17. STREET SWEEPING ($/KM/YR) - Section 2.2.1, ENTERING 

ECONOMIC DATA, (viii) 

18. WINTER ROAD MAINTENANCE ($/KM/YR) - section 2.2.1, 

ENTERING ECONOMIC DATA, (viii) 

19. ASPHALT MAINTENANCE ($/KM/YR) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (viii) 

20. CONCRETE MAINTEN~CE ($/KM/YR) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (viii) 

21. SEWER MAINTENANCE ($/KM/YR) - section 2.2.1, ENTERING 

ECONOMIC DATA, (viii) 

22. WATER MAINTENANCE ($/KM/YR) - Section 2.2.1, ENTERING 

ECONOM~C DATA, (viii) 
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23. SOLID WASTE COLLECTION ($/HA/YR) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (viii) 

24. STREET LIGHT MAINTENANCE ($/LIGHT/YR) - section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

25. PARK AND BUFFER MAINTENANCE ($/HA/YR) - section 

2.2.1, ENTERING ECONOMIC DATA, (viii) 

26. CATCHBASIN COSTS: 

i) BASE,FRAME,COVER ($/CATCHBASIN) - Section 

2.2.1, ENTERING ECONOMIC DATA, (vi) 

ii) SHAFT ($/M-DEPTH) - Section 2.2.1, ENTERING 

ECONOMIC DATA, (vi) 

iii) LEAD ($/M-9 Depth Indexes) - Section 2.2.1, 

ENTERING ECONOMIC DATA, (vii) 



27. MANHOLE COSTS: 

i) BASE,FRAME,COVER ($/CATCHBASIN) - Section 

2.2.1, ENTERING ECONOMIC DATA, (vi) 

ii) SHAFT ($/M-DEPTH) - Section 2.2.1, ENTERING 

ECONOMIC DATA, (vi) 

28. WATERMAIN COSTS @ 2.44 METERS OF COVER ($/M for 6 

Diameter Indexes) - section 2.2.1, ENTERING ECONOMIC 

DATA, (iii) 

29. DOMESTIC SEWER ($/M for 9 Depth Indexes, 5 Diameter 

indexes.) - section 2.2.1, ENTERING ECONOMIC DATA, (iv) 

30. STORM SEWER ($/M for 9 Depth Indexes, 14 Diameter 

Indexes.) - section 2.2.1, ENTERING ECONOMIC DATA, (v) 

4.2.2 LINK DATA 

This second section of the output data file includes 

all the input data for each of the links used to describe 

the subdivision. The output for this section can be checked 

against the original input data to check for errors in the 

link and node input data file. For an explanation of the 

link data elements, refer to the section listed with each 

element below. 

The following information for each link is included in 

this section: 

1. LINK NUMBER - section 2.2.2, ENTERING LINK AND NODE 

DATA, (ii) 
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2. ORIGIN NODE (labelled as NODE1) - section 2.2.2, 

ENTERING LINK AND NODE DATA, (ii) 

3. DESTINATION NODE (labelled as NODE2) - section 2.2.2, 

ENTERING LINK AND NODE DATA, (ii) 

4. LINK LENGTH (m) - section 2.2.2, ENTERING LINK AND 

NODE DATA, (ii) 

5. NUMBER OF SINGLE-FAMILY DWELLING UNITS - Section 

2.2.2, ENTERING LINK AND NODE DATA, (ii) 

6. NUMBER OF MULTI-FAMILY DWELLING UNITS - section 2.2.2, 

ENTERING LINK AND NODE DATA, (ii) 

7. STREET LENGTH FOR LINK (m) - Section 2.2.2, ENTERING 

LINK AND NODE DATA, (iii) 

8. STREET WIDTH FOR LINK (m) - section 2.2·.2, ENTERING 

LINK AND NODE DATA, (iii) 

9. STREET TYPE FOR LINK (Collector or Local) - Section 

2.2.2, ENTERING LINK AND NODE DATA, (iii) 

10. SIDEWALK WIDTH FOR LINK (m) - section 2.2.2, ENTERING 

LINK AND NODE DATA, (iv) 

11. BARRIER CURB AND GUTTER LENGTH FOR LINK (m) - section 

2.2.2, ENTERING LINK AND NODE DATA, (iv) 

12. ROLLED CURB AND GUTTER LENGTH FOR LINK (m) - section 

2.2.2, ENTERING LINK AND NODE DATA, (iv) 

13. BOULEVARD CURB AND GUTTER LENGTH FOR LINK (m) -

Section 2.2.2, ENTERING LINK AND NODE DATA, (iv) 
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4.2.3 NODE DATA 

This section of the output file includes information 

about the nodes used to describe the subdivision. The 

output for this section can be compared with the original 

node data to check for errors in the link and node input 

data file. For an explanation of the node data elements, 

refer to the section listed with each element below. 

The following information for each node is included in 

this section: 

1. NODE NUMBER - section 1.1.2 (xiii) 

2. NODE TYPE, where: 

1 = Termination (Cul-de-sac, Dead-End) 

2 = Directional (Corner) 

3 = 3-Way street Intersection 

4 = 4-Way street Intersection 

5 = Other (eg. Easements) 

- section 1.1.2 (xiii) 

3. NODE ELEVATION (m) - Section 1.1.2 (xiii) 

4. RADIUS ASSOCIATED WITH NODE (m) - Section 1.1.2 (xiii) 
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4.2.4 CALIBRATION DATA VALUES 

This section of the output data file contains the RACAM 

constants given default values. Only certain variables, 

hav~ng been assigned to 0 in the economic data input file, 

are given default values. These default values are 

displayed on the terminal screen during program execution as 

well as being included in the output data file. The default 

values are averages which are generally applicable, and have 

been obtained by considering values for several different 

areas. For an explanation of each calibration data 

elements, refer to Section 2.2.1 (ix). 

Depending on which values are assigned to 0 in the 

economic data file, this calibration data may include: 

1. Estimated Number of People Per Unit 

2. Estimated Number of People Per Acre 

3. Minimum Domestic Sewer Pipe Velocity (m/s) 

4. Minimum Storm Sewer Pipe Velocity (m/s) 

5. Maximum Domestic Sewer Pipe Velocity (m/s) 

6. Maximum Storm Sewer Pipe Velocity (m/s) 

7. Minimum Watermain Pipe Velocity (m/s) 

8. Manning's Roughness Coefficient (Unitless) 

9. Minimum Cover Depth for Domestic Sewer (m) 

10. Minimum Cover Depth for Storm Sewer (m) 

11. Maximum Spacing Between Manholes (m) 

12. Maximum Spacing Between Lights (m) 
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13. Expected Domestic water Use (Gallons/Minute) 

14. Water consumption safety Factor (Unitless) 
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4.2.5 WATERMAIN TRIBUTARY DATA 

This section of the output data file includes the 

tributary data for the subdivision watermain system. The 

information output in this section includes: 

1. Feed Links - numbers of the links whose watermain 

pipes provide flow into a certain node. There can be 

up to three feed links at a node. 

2. Receptor Link - number of the link whose watemain pipe 

is providing flow out of a certain node. There can 

only be one receptor link at a node. 

The feed and receptor links on one link of the 

tributary data section all have a common node. If the 

following were an entry in the watermain tributary data: 

12 19 o 10 

with 12, 19 and 0 in the "Feed Links" column and 10 in the 

"Receptor Links" column, the links 12, 19 and 10 would be 

connected together at a node. Although the node number is 

not specified in the watermain tributary data section, it 

could be determined by finding the node where links 12, 19 

and 10 connect on the original subdivision concept plan. 



As well as indicating that the links are connected to a 

common node, the sample entry above indicates that the 

watermain pipes along links 12 and 19 are flowing into the 

common node (or feeding the node) while the watermain pipe 

along node 10 is flowing out of the common node. The "0" in 

the "Feed Links" column indicates that there is no third 

feed link. 
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4.2.6 DOMESTIC SEWER TRIBUTARY DATA 

This section of the output data file includes the . 

tributary data for the subdivision domestic sewer system. 

The information output in this section includes: 

1. Feed Links - numbers of the links whose domestic sewer 

pipes provide flow into a certain node. There can be 

up to three feed links at a node. 

2. Receptor Link - the number of the link whose domestic 

sewer pipe provides flow out of a certain node. 

The format of the output for this section and its 

meaning is the same as for the "Watermain Tributary Data" 

section, except that domestic sewer flow is considered. See 

the example in the "Watermain Tributary Data Section". 
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4.2.7 STORK SEWER TRIBUTARY DATA 

This section of the output data file includes the 

tributary data for the subdivision storm domestic sewer 

system. The information output in this section includes: 

1. Feed Links - the numbers of the links whose storm 

sewer pipes provide flow into a certain node. There 

can be up to three feed links at a node. 

2. Receptor Link - the number of the link whose storm 

sewer pipe provides flow out of a certain node. There 

can only be one receptor link at a node. 

The format of the output for this section and its 

meaning is the same as for the "Watermain Tributary Data" 

section, except that storm sewer flow is considered. See 

the example in the "watermain Tributary Data section". 
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4.2.8 WATERMAIN LINK DATA 

This section of the output data file includes watermain 

information for the links in the subdivision. This 

watermain information includes: 

1. LINK # - Note that they are output in the order they 

are calculated by the program, not in numerical order. 

2. TRIBUTARY POPULATION - all people with access to the 

watermain for the link listed. Included in this 

population are those people with access to links into 

which the current link flows 

3. FLOW RATE (m3/s) - the rate at which the water flows 

in the watermain along the given link in order to 

supply the tributary population. 

4. REQUIRED DIAMETER (m) - the minimum diameter of 

watermain pipe allowing water to flow at the given 

flow rate. 



4.2.9 DOMESTIC SEWER LINK DATA 

This section of the output data file describes the 

domestic sewer information for each link where domestic 

sewer pipes are present. First, however, minimum and 

maximum domestic sewer calibration values are output (See 

Section 2.2.1 (ix»: 

1. MINIMUM ACCEPTABLE PIPE VELOCITY (m/s) 

2. MAXIMUM ACCEPTABLE PIPE VELOCITY (m/s) 

3. MINIMUM DEPTH OF GROUND COVER OVER PIPE (m) 

The domestic sewer data output for each of the links 

includes: 

1. LINK # - Note that these are not"in numerical order. 

2. TRIBUTARY POPULATION - all people with access to the 

domestic sewer for the link listed. Included in this 

population are those people with access to links from 

which the current link flows 

3. FLOW RATE (m3/s) - the rate at which the water flows in 

the domestic sewer along the given link in order to 

supply the tributary population. 

4. GROUND SLOPE (m/m) - the change in vertical elevation 

between the terminal nodes divided by the link length. 

S. CALCULATED DIAMETER (m) - the minimum diameter of the 

pipe required to carry the calculated flow. 

6. VELOCITY (m) - the speed of the flow in the pipe for 

the calculated flow rate and the pipe diameter. 
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7. PIPE SLOPE (m/m) - the vertical change in elevation of 

the sewer pipe per unit length of the pipe. This is 

different from GROUND SLOPE (above) due to excavation. 

3. DEPTH OF EXCAVATION (m) - This indicates the depth" of 

the sewer pipe bedding from the ground elevation at the 

two ends of the pipe (NODEl and NODE2). 
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4.2.10 STORM SEWER LINK DATA 

This section of the output data file describes the 

storm sewer information for each link where storm sewer 

pipes are present. First, however, minimum and maximum 

storm sewer calibration values are output (See section 2.2.1 

(ix»: 

1. MINIMUM ACCEPTABLE PIPE VELOCITY (m/s) 

2. MAXIMUM ACCEPTABLE PIPE VELOCITY (m/s) 

3. MINIMUM DEPTH OF GROUND COVER OVER PIPE (m) 

The storm sewer data output for each of the links includes: 

1. LINK # - Note that these are not in numerical order. 

2. TRIBUTARY POPULATION - all people with access to the 

storm sewer for the link listed. This includes those 

people with access to links which flow into the current 

link. 

3. FLOW RATE (m3/S) - the rate at which the water will 

flow in the pipe according to RACAM storm sewer design 

and analysis results. 

4. GROUND SLOPE (m/m) - the change in vertical elevation 

between the terminal nodes of the link divided by the 

length of the link. 

S. CALCULATED DIAMETER em) - the minimum diameter of the 

pipe required to carry the calculated flow. 

6. VELOCITY em) - The speed of the flow in the pipe for 

the calculated flow rate and the pipe diameter. 
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7. PIPE SLOPE (m/m) - the vertical change in elevation of 

the sewer pipe per unit length of pipe. This may be 

different from GROUND SLOPE (above) due to excavation. 

8. DEPTH OF EXCAVATION (m) - indicates the depth of the 

sewer pipe bedding from ground elevation at the two 

ends of the pipe (NODEl and NODE2). 
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4.2.11 STORM SEWER SYSTEM DATA 

This section of the output data file summarizes the 

RACAM storm sewer calculations. The data appears in a 

tabular format which includes the following for each link: 

1. LINK # - includes all subdivision links in numerical 

order. 

2. PIPE LENGTH (m) - equivalent to the length of the 'link. 

A pipe length of zero indicates that there is no storm 

sewer pipe along the current link. 

3. DIAMETER (mm) - The storm sewer pipe diameter 
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originally calculated is rounded up to the nearest even. 

pipe diameter to obtain this value. 

4. UNIT COST ($/m) - the unit cost for the particular 

diameter of pipe used for the link. 

5. TOTAL COST - the total cost of the pipe for the link. 

It is obtained by multiplying UNIT COST by PIPE LENGTH. 



4.~.12 DOMESTXC SEWER SYSTEM DATA 

This section of the output data file summarizes the 

RACAM domestic sewer calculations. The data appears in a 

tabular format which includes the following for each link: 

1. LINK # - includes all subdivision links listed in 

numerical order. 

2. PIPE LENGTH (m) - equivalent to the length of the link. 
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A pipe length of zero indicates that there is no 

domestic sewer pipe along the current link. 

3. DIAMETER (mm) - The domestic sewer pipe diameter 

originally calculated is rounded up to the nearest even 

pipe diameter to obtain this value. 

4. UNIT COST ($/m) - the unit cost for the particular 

diameter of pipe used for the link. 

5. TOTAL COST - the total cost of the pipe for the link. 

It is obtained by multiplying UNIT COST by PIPE LENGTH. 



r 
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4.2.13 WATERMAIN SYSTEM DATA 

This section of the output data file summarizes the 

RACAM watermain calculations. The data appears in a tabular 

format which includes the following for each link: 

1. LINK # - includes all subdivision links listed in 

numerical order. 

2. PIPE LENGTH (m) - equivalent to the length of the link. 

A pipe length of zero indicates that there is no 

watermain pipe along the current link. 

3. DIAMETER (mm) - The watermain pipe diameter originally 

calculated is rounded up to the nearest even pipe 

diameter to obtain this value. 

4. UNIT COST ($/m) - the unit cost for the particular 

diameter of pipe used for the link. 

5. TOTAL COST - the total cost of the pipe for the link. 

It is obtained by multiplying UNIT COST by PIPE LENGTH. 



4.2.14 MANHOLES AND CATCHBASINS 

This section of the output data file summarizes the 

manhole and catchbasin information for each of the links. 

This data section includes: 

1. LINK # - includes all subdivision links listed in 

numerical order. 

2. DOMESTIC SEWER MANHOLES: 

a) QUANTITY - the number of domestic sewer 

manholes on the link 

b) COST - the total cost for domestic sewer 

manholes on the link 

3. STORM SEWER MANHOLES: 
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a) QUANTITY - the number of storm sewer manholes 

on the link 

b) COST - the total cost for all the storm sewer 

manholes on the link 

4. STORM SEWER CATCHBASINS: 

a) QUANTITY - the number of storm sewer 

catchbasins on the link 

b) COST - the total cost for all the storm sewer 

catchbasins on the link 

The quantities and costs for each of the three manhole 

or catchbasin sections are totalled at the bottom of the 

table. 



4.2.15 STREET REQUIREMENTS 

This section describes quantities and costs of street 

lights, street signs and traffic signs for each link in the 

subdivision. The following information is included in this 

section: 

1. LINK # - includes all subdivision links listed in 

numerical order. 

2. STREET LIGHTS: 

QUANTITY - the number of street lights on each 

link 

COST - the total cost for street lights on the 

link 

3. STREET SIGNS: 

QUANTITY - the number of street signs on each 

link 

COST - the total cost for street signs on the 

link 

3. TRAFFIC SIGNS: 

QUANTITY - the number of traffic signs on each 

link 

COST - The total cost for traffic signs on the 

link. 

The quantities and costs for each of the above three 

street requirement sections are totalled at the bottom of 

the table. 
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4.:2 .16 PAVEMENT INFORMATION 

This section of the output data file describes the 

collector and local streets for each of the links in the 

subdivision. The following information, presented in 

tabular form, is included in this section: 

1. LINK # - includes all subdivision links listed in 

numerical order. 

2. LOCAL STREET: 

LENGTH (m) - the length of the local street for 

the link. If a length of zero appears in 

this column, this indicates that there is no 

l~cal street on the link. 

AREA (m2) - the local street pavement area 

associated with the link 

3. COLLECTOR STREET: 
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LENGTH (m) - the length of the collector street 

for the link. If a length of zero appears in 

this column, this indicates that there is no 

collector street on the link. 

4. TOTAL: 

AREA (m2) - the collector street pavement area 

associated with the link 

LENGTH em) - the total length of both collector 

and local streets for the link 



AREA (m2) - the total pavement area of both 

collector and local streets for the link 

COST - the total cost of both collector and 

local streets for the link 

Since links will have only one type of street on them 

(either collector or local), the values in the TOTAL section 

will be the same as those in either the LOCAL STREET or 

COLLECTOR STREET section. 

Totals for each of the sections described above appear 

at the bottom of the table, indicating street lengths, areas 

and costs for the subdivision. 

88 



4.2.17 SIDEWALK REQUIREMENTS 

This section of the output data file describes sidewalk 

areas, curb lengths, and curb and sidewalk costs for each 

link in the subdivision. For an explanation of the curb and 

gutter elements, refer to the sections listed with the 

elements below. 

This data section, which is in tabular form, includes 

the following for each link: 

1. LINK # - includes all subdivision links listed in 

numerical order. 

2. BARRIER CURB AND GUTTER LENGTH (m) - Section 1.1.2 

(xvi) 

3. ROLLED CURB AND GUTTER LENGTH (m) - section 1.1.2 (xvi) 

4. BOULEVARD CURB AND GUTTER LENGTH (m) - section 1.1.2 

(xvi) 

5. SIDEWALK AREA (m2 ) - the area for the sidewalk along 

the link 

6. TOTAL COSTS - includes the costs for the above four 

elements 

The quantities and costs for each of the above sidewalk 

requirement sections are totalled at the bottom of the 

table. 
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4.2.18 FAMILY UNITS 

This section of the output data file consists of 

information about single- and multi- family dwelling units 

for each link in the subdivision. This data section, which 

is in tabular form, includes the following for each link: 

1. SINGLE-FAMILY UNITS: 
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a) NUMBER OF UNITS - the number of single-family 

dwelling units on the link 

b) GAS COSTS - the cost of constructing gas 

lines for each single-family dwelling on the 

current link 

c) POWER COSTS - the cost of constructing power 

lines for each single-family dwelling on the 

current link 

d) TELEPHONE COSTS - the cost of constructing 

telephone lines for each single-family unit 

on the current link 

2. MULTI-FAMILY UNITS: 

(Same sub-headings are used as for single-family 

units above, except referring to multi-family 

units.) 

. The quantities and costs for each of the above sections 

are totalled at the bottom of the table. 



4.2.19 CONSTRUCTION COSTS 

This section of the output data file describes several 

un:.t construction costs for each link in the subdivision. 

This data section, which is in tabular form, includes the 

following for each link: 

1. TOTAL CONSTRUCTION COST - includes all construction 

costs associated with the link 

2. CONSTRUCTION COST PER PAVEMENT AREA - the total 

construction cost divided by the link pavement area. 

3. CONSTRUCTION COST PER STREET LENGTH - the total 

construction cost divided by the street length 

associated with the link 

4. CONSTRUCTION COST PER SALEABLE FRONTAGE - the total 

construction cost divided by the saleable frontage for 

the link 

5. CONSTRUCTION COST PER DWELLING UNIT - the total 

construction cost divided by the number of dwelling 

units on the link 

The total construction costs for each link in the 

CONSTRUCTION COST column are totalled at the bottom of the 

table, giving the total construction cost for the 

subdivision. 
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4.2.20 SUMMARY - CONSTROCTION COSTS 

This section of the output data file summarizes the 

construction costs for the subdivision. The information for 

this section is output in the following format: 

DESCRIPTION 
(Name of 
element) 

The data for this 

subdivision element in 

1- WATERMAIN 

2. DOMESTIC SEWER 

3. STORM SEWER 

4. COLLECTOR STREET 

5. LOCAL STREET 

6. SIDEWALK 

7. BARRIER CURB AND 

QUANTITY 

section is output for 

the following order: 

GUTTER 

8. ROLLED CURB AND GUTTER 

9. BOULEVARD CURB AND GUTTER 

10 PARK DEVELOPMENT 

11. BUFFER DEVELOPMENT 

12. CATCHBASIN 

13. DOMESTIC SEWER MANHOLE 

14. STORM SEWER MANHOLE 

15. STREET LIGHT 

16. STREET SIGN 

COST 

each 
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17. TRAFFIC SIGN 

18. GAS: SINGLE-FAMILY UNIT 

19. POWER: SINGLE-FAMILY UNIT 

20. TELEPHONE: SINGLE-FAMILY UNIT 

21. GAS: MULTI-FAMILY UNIT 

22. POWER: MULTI-FAMILY UNIT 

23. TELEPHONE: MULTI-FAMILY UNIT 



4.2.21 SITE SPECIFIC INFORMATION 

This section of the output data file gives a summary of 

the intersection type and the land use for the subdivision. 

The following is included in this data section: 

1. NUMBER OF ROAD ELEMENTS: 

a) CUL-DE-SACS 

b) DEAD-ENDS 

c) THREE-WAY INTERSECTIONS 

d) FOUR-WAY INTERSECTIONS 

e) SUBDIVISION EXITS 

2. LAND USE DISTRIBUTION (AREA IN Ha): 

a) NET SINGLE-FAMILY 

b) NET MULTI-FAMILY 

c) SCHOOL 

d) PARK 

e) BUFFER 

f) COMMERCIAL 

g) PAVEMENT 

h) SIDEWALK 

i) OTHER 

At the bottom of this LAND USE DISTRIBUTION summary is 

a total of all the areas, giving GROSS SUBDIVISION AREA in 

Ha. 
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4.2.22 SUBDIVISION CONSTRUCTION COST 

This section of the output data file describes various 

unit construction costs for the subdivision. For all unit 

costs below, a lower value indicates greater efficiency than 

/a higher one •• This data section includes: 

1. TOTAL CONSTRUCTION COST PER TOTAL SUBDIVISION AREA 

($/Ha) - indicates-.the per unit cost to build the 

complete subdivision. 

2. TOTAL CONSTRUCTION COST PER GROSS SUBDIVISION AREA 

($/Ha) - Gross subdivision area includes residential 

land, road allowances, parks, playgrounds and schools, 

but does not include commercial areas. The total 

construction cost per gross area value can be compared 

for different proposed subdivisions to give an 

indication of which is more cost efficient, neglecting 

commercial areas. 

3. TOTAL CONSTRUCTION COST PER NET SUBDIVISION AREA ($/Ha) 

- Net subdivision area is the area of land used 

entirely for dwellings sites. The total construction 

cost per net subdivision area value can be compared for 

different proposed subdivisions to indicate which is 

more cost effective considering dwelling units. This 

is important since the since the sale of land 

comprising the net subdivision area accounts for most 

of the return from the subdivision. 



3. TOTAL CONSTRUCTION COST PER SINGLE FAMILY AREA ($/Ha) -

This value can be compared for proposed subdivisions to 

determine which is less expensive considering single 

family area only. This is an important consideration 

since most subdivision return comes from the sale of 

single-family lots 

4. TOTAL CONSTRUCTION COST PER PAVEMENT AREA ($/Ha) - This 

value, when compared for different proposed 

subdivisions, determines which is more efficient with 

respect to the total street area. This must be 

considered since pavement costs contribute 

significantly to the cost of constructing a 

subdivision. 

5. TOTAL CONSTRUCTION COST PER STREET LENGTH ($/Ha) - When 

this value is used with the above value in comparing 

two proposed subdivisions, it gives an indication as to 

which proposal makes more efficient use of pavement. 

If the street widths for two proposed subdivisions are 

very different, this value unlike the value in the last 

section, will not consider this. 

6. TOTAL CONSTRUCTION COST PER SALEABLE FRONTAGE ($/Ha) -

This is one of the more important of the per unit 

construction cost values, since the saleable frontage 

is the portion of the subdivision which generates the 

most revenue by its sale. 
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7. TOTAL CONSTRUCTION COST PER TOTAL DWELLING UNIT 

($/UNIT) - includes both single- and multi-family 

dwellings. This value, when compared for proposed 

subdivisions, indicates which is more cost-efficient 

with regards dwelling units. 

8. TOTAL CONSTRUCTION COST PER SINGLE FAMILY UNIT ($/UNIT) 

- Like the single-family area unit cost above, this 

value is important because single-family units provide 

much of the return for a subdivision. 
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4.2.23 SUBDIVISION DENSITY 

This section of the output data file describes the 

number of single- and multi-family dwellings per unit area. 

This data for this section is output in the following 

format: 

FAMILY UNIT QUANTITY AREA (Ha) DENSITY (UNITS/Ha) 
(Single, Multi 
or Total) 
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There are two parts to this section, with the above format 

applying to both. The first is based on gross area, while 

the second is based on net area. See the section above for • 

a description of gross and net area. 



4.~.24 YIELD EFFICIENCY 

This section of the output data file describes the 

yield, which is a "frontage per unit" value. This data 

section includes the following: 

1. SALEABLE FRONTAGE (m) - measured 6 m from the front 

property line on all single-family units, except for 

reverse pie-shaped.lots which are measured 18 m from 

the front property line 

2. STREET LENGTH (m) - total street length for the 

subdivision 

3. GROSS SUBDIVISION AREA (Ha) - subdivision area 

neglecting commercial area. 

4. YIELD: 

a) YIELD BASED ON TOTAL STREET LENGTH (m/m) -

cost measurement which considers revenue in 

relation to street length 

b) YIELD BASED ON TOTAL SUBDIVISION AREA (m/Ha) 

- cost measurement which considers revenue in 

relation to subdivision area. 
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4 • 2 .25 "INVESTMENT RATE OF RETURN VS. REVENUE" GRAPH 

This section of the output data file is a graphical 

analysis of the investment rate of return. The graph plots 

the investment rate of return (%) on the vertical axis and 

revenue ($jm) on the horizontal axis. 

This graph indicates the percent return on investment 

for a given revenue amount per meter of frontage. 
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4.2.26 MAINTENANCE COST 

This section of the output data file summarizes the 

maintenance costs for the various subdivision elements. 

This section is output in the following format: 

DESCRIPTION 
(Element Name) 

QUANTITY UNIT COST MAINTENANCE COST 

where UNIT COST is the unit maintenance cost. The above 

information is provided for the following subdivision 

elements: 

1. WATERMAIN 

2. DOMESTIC SEWER 

3. STORM SEWER 

4. PAVEMENT 

5. SIDEWALK 

6. BARRIER CURB AND GUTTER 

7. ROLLED CURB AND GUTTER 

8. BOULEVARD CURB AND GUTTER 

9. PARK DEVELOPMENT 

10. BUFFER DEVELOPMENT 

11. CATCHBASIN 

12. MANHOLE 

13. STREET LIGHT 

14. STREET SIGN 

15. TRAFFIC SIGN 
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16. SINGLE-FAMILY DWELLING INFORMATION: 

a) GAS 

b) POWER 

c) TELEPHONE 

17. MULTI-FAMILY DWELLING INFORMATION: 

(Same as for single-family dwellings.) 

At the end of this data section, a total of maintenance 

costs for all the subdivision elements is provided. 
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4.2.27 CONSTROCTION COSTS 

This section of the output data file summarizes the 

construction costs for the various subdivision elements. 

The data in this section is output in the same format as the 

m2intenance cost section above, except that the UNIT COST 

column is now construction unit costs and the MAINTENANCE 

COST column is replaced by the CONSTRUCTION COST column. A 

total for construction costs for the subdivision also 

appears at the end of this section. 
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4.2.28 OPERATION COSTS 

This section of the output data file summarizes the 

operation costs for the various subdivision elements. The 

data in this section is output in the same format as the 

maintenance cost section above, except that the UNIT COST 

column is now operation unit costs and the MAINTENANCE COST 

column is replaced by the OPERATION COST column. A total 

for operation costs for the subdivision also appears at the 

end of this section. 
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4.2.29 DETAILED ANALYSIS 

This section of the output data file summarizes present 

worth and the annual cost for various interest rates and 

subdivision life length. First, CONSTRUCTION COST, ANNUAL 

MAINTENANCE COST and ANNUAL OPERATION COST is output for the 

subdivision. The remainder of the output in this section 

has the following format: 

INTEREST(%) LIFE (YRS) PRESENT WORTH($) ANNUAL COST 

105 



4.2.30 CONSTROCTION COST BREAKDOWN 

This section of the output data file describes the cost 

breakdown for subdivision elements by account. The data for 

this section is presented in the following format: 

DESCRIPTION 
(Element) 

ACCOUNT NUMBER PRESENT WORTH ANNUAL COST 

The above information is provided for all 21 subdivision 

elements which include: 

1. WATERMAIN 

2. DOMESTIC SEWER 

3. STORM SEWER 

4. PAVEMENT 

5. SIDEWALK 

6. BARRIER CURB AND GUTTER 

7. ROLLED CURB AND GUTTER 

8. BOULEVARD CURB AND GUTTER 

9. PARK DEVELOPMENT 

10 BUFFER DEVELOPMENT 

11. CATCHBASIN 

12. MANHOLE 

13. STREET LIGHT 

14. STREET SIGN 

15. TRAFFIC SIGN 
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16. SINGLE-FAMILY DWELLING ELEMENTS: 

a) GAS 

b) POWER 

c) TELEPHONE 

17 MULTI-FAMILY DWELLING ELEMENTS: 

(Same as single-family dwelling elements.) 

Not.e that after the account data for each subdivision 

element are totals for both present worth and annual cost . 
. 

At the end of this data section is also a total for PRESENT 

WORTH and ANNUAL COST for all subdivision elements. 



4.2.31 MAINTENANCE COST BREAKDOWN 

This section of the output data file describes the 

maintenance cost breakdown for the subdivision elements by 

account. The data output for this section appears in the 

same format as for construction costs above, but the PRESENT 

COST and ANNUAL COST columns now refer to maintenance costs. 

Totals for present and annual maintenance costs are output 

for each subdivision element and for the overall subdivision 

as for the construction cost breakdown. 
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4.2.32 OPERATXON COST BREAKDOWN 

This section of the output data file describes the 

operation cost breakdown for the subdivision elements by 

account. The data output for this section appears in the 

same format as for construction costs above, but the PRESENT 

COST and ANNUAL COST columns now refer to operation costs. 

Totals for present and annual operation costs are output for 

each sUbdivision element and for the overall subdivision as 

well as for the construction cost breakdown. 
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4.2.33 SUMMARY OF ACCOUNTS 

This section of the output data file summarizes the 

construction, maintenance and operation costs by account. 

The data for this section is output in the following format: 

DESCRIPTION ACCN'T # 
(ACCN'T NAME) 

CONST. COST MAIN. COST OPe COST 

At the end of the summary are totals for construction, 

maintenance and operation costs for the complete 

subdivision. 

1.1.0 
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CHAPTER 5 

RACAK MODULES 

5.1 PLOWCHART OP RACAM MODULES 

RCHIUN 

<---------> HEAD 

<---------> CLEAR 

<---------> IOFILE 

<---------> INDAT1 <----------> IOFILE 

<---------> OUTDAT1 

<---------> CLEAR 

<---------> INDAT2 <----------> IOFILE 

<---------> OUTDAT2 

<---------> CLEAR 

<---------> ERRCHK <----------> PATHS 1 

<---------> I DWATR <----------> PATHS 2 
I 
I <----------> PATHS 3 

<---------> IDDMSW <----------> PATHS 2 
I 
I <----------> PATHS 4 
I 
I <----------> PATHS 5 
I 
I <----------> PATHS 7 
I 
I <----------> TAG PIT <-----> PATHS 5 
I 
I <----------> OPTPTH <-----> PATHS 4 

<---------> IDSTSW 

")( 
/ 
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\. 
I <---------> CREATE <----------> GROUP 1 <-----> PATHS 7 
I I I 
I I I <-----> PATHS 2 
I I 
I I <----------> GROUP2 <-----> PATHS 7 
I I 
I I <-----> OPTPTH 
I 
I <---------> ATTACH <----------> ADJ 
I 
I <---------> WATER 
I 
I <---------> DMSTC <----------> DIAMTR 
I I 
I I <----------> DEPTH 
I I 

I <----------> DSSDPTH 

<---------> STORM <----------> DIAMTR 
I 
I <----------> DEPTH 
I 
I <----------> SSSDPTH 
I 
I <----------> ASPLIT 

<---------> PAVEMENT <--------> ADJ 
I 
I <--------> SAC 
I 
I <--------> TUBE 
I 
I <--------> COR 
I 
I <--------> DMAKER <-----> CULCHK 

<---------> MANHOLE <---------> CULCHK 
I 
I <---------> DMAKER <-----> CULCHK 
I 
I <---------> ASPLIT 

<---------> LIGHT <-----------> COUNTER 
I 
I <-----------> FINDPATH 
I 
I <-----------> CHECKLEN 
I 
I <-----------> CULCHK 
I 
I <-----------> DMAKER <-----> CULCHK 
I 
I <-----------> THREEWAY 
I 



<-----------> ASPLIT 

<---------> CATBAS <----------> DRAIN 

<----------> CATDEPTH 

<----------> CAT CALC 

<----------> CATNODE <----> CULCHK 

<----------> CORCHK 

<----------> CATLIN <-----> CHECKLEN 
I 
I <-----> CATDEPTH 
I 
I <-----> CAT CALC 2 

<----------> ASPLIT 

<----------> CORNER <-----> CHECKLEN 
I 
I <-----> CATNODE 
I 
I <-----> CATLIN 

<---------> SIDEWALK <--------> ASPLIT 

<---------> SIGN <------------> DMAKER <-----> CULCHK 
I 
I <------------> DMAKER2 
I 
I <------------> ASPLIT 

<---------> UTILITY 

<---------> PARKBUFF <--------> ASPLIT 

<---------> FRONTAGE 

<---------> ANALYSIS <-------->. SWTABLE 
I 
I <--------> CLINE 
I 
I <--------> ASPLIT 
I 
I <--------> GRAPH 

<---------> OMINIT 

<---------> MAINCE <----------> GOGRAD 

<---------> OPERAT <----------> GOGRAD 
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'/... 
I <---------> ECONOM 
I 
I <---------> ACCOUNT <---------> ACCOUT 
I 
I <---------> ACCOUNT1 <--------> ACCOUT1 
I 
I <---------> AC COUNT 2 <--------> ACCOUT2 
I 
I <---------> ACCSUM 



5.2 HAIN ROOTINE DESCRIPTION 

5.2.1 RCHAIN - A Routine to Control the Execution of RACAM 

Pr'')eedures 

The main program controls the output and the screen 

output or the interactive portion of the RACAM program. The 

subroutines HEAD and CLEAR control the screen. The 

subroutines INDATl,INDAT2 read in the service element unit 

costs and the link and node data respectively. The routines 

OUTDAT1,OUTDAT2 output the unit cost and node and link data. 

The IOFILE routine creates the input and output files for 

the derived data that RACAM calculates. The HEAD routine 

creates and prints the RACAM heading in two inch letters on 

the screen. 

The second function of RCMAIN is to set the following 

calibration data values used by the program: 

* PEOPLE - the number of people per unit (multi- or 

* DSVMIN 

* SSVMIN 

* DSVMAX 

* SSVMAX 

* WVMIN 

single-family) 

the minimum domestic sewer pipe velocity 

(m/s). 

- the minimum storm sewer pipe velocity 

(m/s). 

the maximum domestic sewer pipe velocity 

(m/s). 

- the maximum storm sewer pipe velocity 

(m/s). 

the minimum water velocity in a pipe (m/s). 
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* FRICTN 

* DSCOVR 

* SSCOVR 

* SPAMAN 

* SPALIT 

* USE 

* FLOAD 

'Manning's' pipe roughness coefficient. 

- minimum depth of coverage for domestic 

sewer pipe em). 

- minimum depth of coverage for storm sewer 

pipe em). 

- maximum spacing between manholes em). 

- maximum spacing between lights em). 

- domestic watermain use (m3/person/day). 

- water consumption safety factor. 
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5.3 DESCRIPTION OP SUBROUTINES CALLED BY THE MAIN ROUTINE 

5.3.1 ACCOUNT - A Routine to Output Construction Cost 

Breakdown 

The variables used by ACCOUNT are: 

* TIME 

* WUNIT1 

* MHCOST 

* LTCOST 

* INTRST 

* ACCONT 

* ACCNUM 

* DEFINE 

* NINT 

* LIFE 

* WMCOST 

* DSCOST 

* SSCOST 

* TCPAVE 

* WKCOST 

* BRCOST 

* RLCOST 

* PCOST 

* BCOST 

* CBCOST 

* MHCOST 

- number of times to overtype headings. 

- the output device number code. 

- manhole construction costs. 

- light construction costs. 

- interest rate in percentage. 

- the account name, associated with an 

element. 

- account number. 

- full descripti~n of account. 

- the number of different rates in INTRST. 

- the life of the construction element. 

- water-main construction cost. 

- domestic sewer construction cost. 

- storm sewer construction cost. 

- pavement construction cost. 

- sidewalk construction cost. 

- barrier curb construction cost. 

- rolled curb construction cost. 

- park development cost. 

- boulevard curb construction cost. 

- catch-basin construction cost. 

- manhole construction cost. 
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* LTCOST 

* CSIGN 

* TRACOS 

* GAS 1 

* POW1 

* PH1 

* GAS 2 

* POW2 

* PH2 

* TLCOST 

* AWORTH 

- street light construction cost. 

- street sign construction cost. 

- traffic light construction cost. 

- gas line construction cost - single family 

unit. 

- power line construction cost - single 

family unit. 

- phone line construction cost - single 

family unit. 

- gas line construction cost - multi-family 

unit. 

- power line construction cost - multi

family unit. 

- phone line construction cost - single 

family unit. 

- total construction cost. 

- annual worth. 

ACCOUNT outputs the construction cost breakdown for 

each subdivision service element (watermain, domestic sewer, 

etc.) by account number. This routine outputs the requisite 

headings for the construction cost output, and outputs the 

interest rate and subdivision life. The routine ACCOUT which 

outputs the account numbers, and corresponding present and 

annual costs for each subdivision service element is then 

called. Total costs for each element and overall totals are 

provided by ACCOUT and ACCOUNT. 
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First, ACCOUNT outputs the heading for the construction 

cc~t breakdown. (Note: all output in this routine is written 

tc WUNITl which is assigned to 6 in the main program and 

opened in a routine called IOFILE.) This heading is 

overtyped to highlight it, the number of overstrikes being 

determined by TIME. The interest rate, INTRST, and the 

subdivision life, LIFE, are then output. 

Next, ACCOUNT outputs the headings for description, 

account number and costs, which are also overtyped. ACCOUNT 

alternately outputs the element description, then calls the 

routine ACCOUT which outputs the account name, ACCONT, the 

present cost, TYCOST, and the annual cost, TANNUL, by 

subdivision element. (See page 234, ACCOUT.) When calling 

ACCOUT, ACCOUNT passes the element name and the element cost 

variable. (eg: (l,WMCOST) is the argument passed to ACCOUT 

for watermain costs.) 

For each subdivision element, ACCOUT outputs totals for 

present and annual construction costs, with this output 

being overtyped. As well, ACCOUNT outputs a net total for 

present and annual construction costs, TLCOST and AWORTH 

respectively, for all subdivision elements, with this output 

also being overtyped. Control is then returned to the 

calling program. 
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5.3.2 ACCOONTl - A Routine to output Maintenance cost 

Breakdown 

The variables used by ACCOUNT1 a~e: 

* TIME - number of times to overtype headings. 

* MINST 

* MLIFE 

* MNCOST 

* MCAPAF 

- interest rate for maintenance costs. 

- useful life of the element. 

- total elemental maintenance costs. 

- present value and annual present value of 

the maintenance costs. 

ACCOUNT1 outputs the maintenance cost br~akdown for 

each subdivision element (watermain, domestic sewer, etc.) 

by account number. This routine outputs the necessary 

headings for the maintenance cost output, as well as most of 

the maintenance cost data { the rest of the maintenance cost 

data is output by ACCOUNT2 and ACCOUT2).ACCOUNT1 then calls 

the routine ACCOUT1 which outputs the account numbers, and 

corresponding present and annual costs for each subdivision 

element. Total costs for each element are also provided by 

ACCOUNT1. 

First, ACCOUNTl outputs the heading for the maintenance 

cost breakdown. (Note: all output in this routine is written 

to WUNITl which is assigned to 6 in the main program and 

opened in a routine called IOFILE.) This heading is 
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overtyped to highlight it, the number of overstrikes being 

determined by TIME. 

Next, ACCO~T1 outputs the headings for description, 

account number and costs, which are also overtyped. ACCOUNT1 

alternately outputs: the element description, the interest 

rate, MINST, and the service life, MLIFE, then calls the 

routine ACCOUTl ,the present cost, MCAPAF(TYPE,J,l), and the 

annual cost, MCAPAF(TYPE,J,2), by subdivision element. (See 

page 186, ACCOUT1.) When calling ACCOUT1, ACCOUNT1 passes 

the element number. (eg: (1) is the argument passed to 

ACCOUT1 for watermain maintenance costs.) 

For each subdivision element, ACCOUT1 outputs totals 

for present and annual maintenance costs, with this output 

being overtyped. Control is then returned to the calling 

program. 
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5.3.3 ACCOUNT2 - A Routine to output operations cost 

Breakdown 

The variables used by ACCOUNT2 are: 

* TIME - number of times to overprint headings. 

* OINST 

* OPCOST 

* OLIFE 

* OCAPAF 

- interest rate for the operational costs. 

- total elemental operational costs. 

- useful life of the element. 

- present value and annual present value 

of the operational costs. 

ACCOUNT2 outputs the operation cost breakdown for each 

subdivision element (watermain, domestic sewer, etc.) by 

account number. This routine outputs the necessary headings 

and data for most of the operation cost output, as well as 

some of the maintenance cost data( the rest of the 

operational cost data is output by ACCOUNT1 and ACCOUT1). It 

then calls the routine ACCOUT2 which outputs the account 

numbers, and corresponding present and annual operation 

costs for each subdivision element. Total costs for each 

element are also provided by ACCOUNT2. 

First, ACCOUNT2 outputs the heading for the maintenance 

cost breakdown. (Note: all output in this routine is written 

to WUNIT1 which is assigned to 6 in the main program and 

opened in a routine called IOFILE.) This heading is 



overtyped to highlight it, the number of overstrikes being 

determined by TIME. 
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Next, ACCOUNT2 outputs the headings for description, 

ac~ount number and operation costs, which are also 

overtyped. ACCOUNT2 alternately outputs the element 

description, the interest rate, OINST, and the service life, 

OLIFE, then calls the routine ACCOUT2 which outputs the 

account name, ACCONT, the present cost, OCAPAF(TYPE,J,l), 

and the annual cost, OCAPAF(TYPE,J,2), by subdivision 

element. (See page 186, ACCOUT1.) When calling ACCOUT2, 

ACCOUNT2 passes the element number. (eg: (1) is the argument 

passed to ACCOUT1 for watermain maintenance costs.) 

For each subdivision element, ACCOUT2 outputs totals 

for present and annual maintenance costs, with this output 

being overtyped. As well, ACCOUNT2 outputs a net total of 

present and annual construction costs for all subdivision 

elements, with this output also being overtyped. Control is 

then returned to the calling program. 



5.3.4 ACCSUK - A Routine to output a cost Summary by 

Account 

Variables used by ACCSUM are: 

* ACCOST - total construction costs by account. 

* AMCOST - total maintenance costs by account. 

* AOCOST - total operation costs by account. 

* DEFINE - account description. 

* ACCNUM - account number. 

* TLCOST - total subdivision construction costs. 

* TMCOST - total subdivision maintenance costs. 

* TOCOST - total subdivision operation costs. 

ACCSUM outputs total construction, operation and 

maintenance costs for each account. This routine also 

outputs net construction, operation and maintenance cost 

totals for the subdivision. 

First, ACCSUM calculates the total subdivision cost for 

first account, TOTAL, by summing the construction costs, 

ACCOST , maintenance costs, AMCOST, and operation costs, 

AOCOST for it. 

Secondly, ACCSUM outputs the headings for the cost 

summary. Each heading is overtyped to highlight it, with the 

number of overstrikes being determined by TIME. 
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Thirdly, the cost totals for the first account are 

output. The account description, DEFINE, the account number, 

ACCNUM, the construction cost total, ACCOST, the maintenance 

cost total, AMCOST, and the operation cost total, AOCOST, 

are all output for the first account. 

Fourth, the value of TOTAL, as described previously, is 

calculated for the remainder of the accounts. In this same 

loop, the cost totals for the remainder of the accounts are 

output. The variables used for the account description and 

account name, are the same as those described for the first 

account. Control is then returned to the calling program. 
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5.3.5 ANALYSIS - A Routine to output Data for All 

Subdivision Elements by Link 

The variables used by ANALYSIS are: 

* YSEC - number of rows in each section of the link 

* COL 

* TIME 

* OIASS 

* CSS 

* SSCS 

* SSPIPE 

* SSCOST 

* LINE 

* OIAOS 

* COS 

* OSCS 

* OSPIPE 

* OSCOST 

* OIAWM 

* CWM 

* WMCS 

description tables. 

- starting column for the link description 

tables. 

- number of times heading are overtyped. 

- link diameter of storm sewer pipe (m). 

- link unit cost of storm sewer pipe. 

- link storm sewer total cost 'CCSS x SSPIPE). 

- total subdivision storm sewer pipe length 

(m) • 

- total subdivision storm sewer pipe cost. 

- used to define the table borders. 

- link diameter of domestic sewer pipe (m). 

- link unit cost of domestic sewer pipe. 

- link domestic sewer total cost (COS x 

OSPIPE) •. 

- total subdivision domestic sewer length 

em) • 

- total subdivision domestic sewer cost. 

- link diameter of watermain em). 

- link unit cost of watermain. 

- link watermain total cost (CWM x WMPIPE). 
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* WMPIPE 

* WMCOST 

* XSEC 

* XSPA 

* MCOL 

* LENGTH 

* I FRONT 

* LINEl-4 

* TOSMAN 

* TSSMAN 

* TSSCAT 

* TOSCOS 

* TSSCOS 

* TCBCOS 

* YTOTAL 

* OSMAN 

* OSCOSL 

* SSMAN 

* SSCOSL 

- total subdivision watermain length (m). 

- total subdivision watermain cost. 

- number of sections in the link description 

tables. 

- number of columns in each section of the 

link description tables. 

- maximum number of columns in the link 

description tables. 

- length .of the table section subheadings. 

- starting column for the table section 

subheadings. 

- used to define borders and titles for link 

description tables. 

- total subdivision domestic sewer manholes. 

- total subdivision storm sewer manholes. 

- total subdivision storm catchbasin. 

- total subdivision domestic sewer manhole 

cost. 

- total subdivision storm sewer manhole cost. 

- total subdivision catch basin cost. 
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- flag to indicate when a table line division 

should be printed. 

- number of domestic sewer manholes per link. 

- cost of domestic sewer manholes per link. 

- number of storm sewer manholes per link. 

- cost of storm sewer manholes per link. 



* LBASIN 

* LCBCOS 

* NBASIN 

* CBCOST 

* SPACE 

* TRAFIC 

* TRACOS 

* LSTOP 

* LYELD 

* STCOST 

* YDCOST 

* LTLINK 

* LTCOSL 

* NSIGN 

* SGCOST 

* NLIGHT 

* LTCOST 

* TSIGN 

* CSIGN 

* NTRAFF 

* TFCOST 

* CSCOST 

* PVCOST 

* RDPINT 

- number of storm sewer catch-basins per 

link. 

- cost of storm sewer catch-basins per link. 

- number of storm sewer catch-basins per 

street length (#/m). 

- total cost of storm sewer catch-basins 

- used to format subheadings for link 

description tables. 

- number of traffic signs per link. 

- cost of traffic signs per link. 

- number of stop signs per link. 

- number of yield signs per link. 

- cost of stop signs per link. 

- cost of yield signs per link. 

- number of street lights per link. 

- cost of street lights per link. 

- number of street signs per link. 

- cost of street signs per link. 

- number of street lights for subdivision. 

- cost of street lights for subdivision. 

- number of street signs for subdivision. 

- cost of street signs for subdivision. 

- number of traffic signs for subdivision. 

- cost of traffic signs for subdivision. 

- cost of collector streets for subdivision. 

- cost of all pavement for subdivision. 

- road length per link (m). 
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* ALINK 

* PVCOST 

* LSCOST 

* TPLEN 

* COLLEN 

* LOCLEN 

* TPAREA 

* ACOL 

* TSRCOS 

* SRCOST 

* BARIER 

* ROLLED 

* BLVD 

* ASIDE 

* TBR 

* TRL 

* TWK 

* TBL 

* GAS 1 

* POW 1 

- road area per link (m2). 

- pavement cost per link. 

- local street cost for subdivision. 

- pavement length for subdivision (m). 

- collector street length for subdivision 

(m) • 

- local street length for subdivision (m). 

- pavement area for subdivision (m2). 

- collector street area for subdivision (m2). 

- total sidewalk cost for subdivision. 

- sidewalk cost for link. 

- barrier curb/gutter length per link (m). 

- rolled curb/gutter length per link (m). 

- blvd. curb/gutter length per link (m). 

- sidewalk area per link (m2). 

- barrier curb/gutter length for subdivision 

(m) • 

- rolled curb/gutter length for subdivision 

(m) • 

- sidewalk area for subdivision (m2). 

- blvd. curb/gutter length for subdivision 

(m) • 

- gas line construction cost - single family 

unit. 

- power line construction cost - single 

family unit. 

129 



* PH1 

* GAS 2 

* POW2 

* PH2 

* UTOTAL 

* GSSING 

* PWSING 

* TSING 

* GSMULT 

* PWMULT 

* PHMULT 

* UTCOST 

* VALl-7 

* WKCOSL 

* BRCOSL 

* BLCOSL 

* RLCOSL 

- phone line construction cost - single 

family unit. 

- gas line construction cost - multi-family 

unit. 

- power line construction cost - multi-family 

unit. 

- phone line construction cost - single 

family unit. 

- number of family units per subdivision. 

- gas line cost for single family units per 

link. 

- power line cost for single family units per 

link. 

- telephone line cost for single family units 

per link. 

- gas line cost for multi family units per 

link. 

- power line cost for multi family units per 

link. 

- telephone line cost for multi family units 

per link. 

- utility costs per link. 

- total construction costs per link. 

- sidewalk cost per link. 

- barrier curb/gutter cost per link. 

- blvd. curb/gutter cost per link. 

- rolled curb/gutter cost per link. 
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* TCONST 

* CNCOSL 

'* XTOTAL 

* FRONT 

oj.. MULTI 

* UNITS 

* RATl-4 

* APARK 

* PCOST 

* ABUFF 

* BCOST 

* MNHOLE 

* MHCOST 

* TMULT 

* TSING 

* TUSING 

* TUMULT 

- total construction cost for subdivision. 

- total construction cost per link. 

- used to format link description table 

subheadings. 

- saleable frontage per link (m). 

number of multi family units per link. 

- number of single family units per link. 

- construction costs per: road area, street 

length,. frontage, dwelling unit (multi and 

single). 

- area of park development in subdivision 

(Ha. ) • 

- park construction cost per subdivision. 

- area of buffer development in subdivision 

(Ha. ) • 

- buffer construction cost per subdivision. 

- number of manholes in subdivision. 

- manhole cost for subdivision. 

- number of multi-family units per 

subdivision. 

- number of single-family units per 

subdivision. 

- total utility cost for single-family units 

in subdivision. 

- total utility cost for multi-family units 

in subdivision. 
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* TLCOST 

* NCUL 

* NDEAD 

* N3WAY 

* N4WAY 

* NEXIT 

* ASING 

* AMULT 

* ASCHOL 

* ACOM 

* APAVE 

* AWALK 

* AOTHER 

* ASUB 

* GROSS 

* TLEN 

* TCPTA 

* TCPGA 

* TCPSA 

* TCPPV 

- grand total construction costs for 

subdivision. 

- number of cul-de-sacs per subdivision. 

- number of dead ends per subdivision. 

- number of 3-way intersections per 

subdivision. 

- number of 4-way intersections per 

subdivision. 

- number of subdivision exits. 

- area of single family units per subdivision 

(Ha. ) • 

- area of multi family units per subdivision 

(Ha. ) • 

- area of schools per subdivision (Ha.). 

- area of commercial section per subdivision 

(Ha. ) • 

- area of pavement per subdivision (m2). 

- area of sidewalk per subdivision (m2). 

- area of 'other' land per subdivision CHa.). 

- area of total subdivision CHa.). 

- gross area CHa.). 

- street length Cm). 

- total construction cost per total area. 

- total construction cost per gross area. 

- total construction cost per single-family 

area. 

- total construction cost per pavement area. 
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* TCPNA 

* TCPST 

* TCPFG 

* TCPDW 

* TCPSG 

* TFRONT 

* SIGPGA 

* GSING 

* MULPGA 

* TOTPGA 

* SIGPNA 

* MULPNA 

* TOTPNA 

* YSTLEN 

* YGROSS 

* TCOS 

* ASSUME 

* REVMAX 

* REVMIN 

- total construction cost per net area. 

- total construction cost per street length 

($/m). 

- total construction cost per saleable 

frontage ($/m). 

- construction cost for total dwelling unit. 

- total construction cost per single-family 

dwelling. 

- saleable frontage em). 

- single-family dwellings for gross area. 

- single family unit for gross area. 

- multiple-family dwellings for gross area. 

- total dwellings for gross area. 

- single-family dwellings for net area. 

- multiple-family dwellings for net area. 

- total dwelling for net area. 

- yield based on total street length. 

- yield based on total gross area. 

- actual and assumed total construction cost 

per saleable frontage. 

- assumed total construction cost per 

saleable frontage. 

- maximum revenue. 

- minimum revenue. 

ANALYSIS calculates and outputs information describing 

the subdivision elements for each link. Physical, as well as 
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economic information is output for each link, with the 

information being laid out in tabular form. 

First, ANALYSIS outputs the link description tables for 

storm sewer, domestic sewer and watermain information. This 

begins with outputting the appropriate headings which are 

overprinted to highlight them. ANALYSIS then calls SWTABLE 

which outputs physical and economic information, as well as 

formatting the table itself. (See page 335, SWTABLE.) The 

above procedure is repeated three times: for storm sewer, 

domestic sewer and watermain information. This results in 

the output of three separate tables. 
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Second, ANALYSIS does calculations and outputs the link 

description tables for manholes/catch-basins, street 

lights/street lengths/traffic signs, pavement, 

sidewalks/curbs, family units and link construction costs. 

For each of these tables, the number of sections, XSEC, and 

the number of spaces in each column, XSPA, are first 

defined. The routine, CLINE, is then called to define the 

variables (LINE1 to LINE4, XTOTAL) used in outputting the 

table borders. (See page 261, CLINE.) The maximum number of 

columns in the table, MCOL, is then calculated. 

ANALYSIS does calculations allowing the section headings to 

be centered in each section, using the character string 

LINE3, and the variables LENGTH, and IFRONT. Subheadings are 

then assigned in a similar manner to the section headings, 



but the subheading are inserted as a substring of LINE4, 

wtile the section headings are assigned as a substring of 

LIHE3. The upper portion of each table is then output by 

WRITEing the character strings LINE, and LINEl to LINE4. 

Next, the totals for each section in the tables are 

initialized where necessary then calculated using loops. In 

these same loops, the subdivision element information for 

eclch link is output for the tables, with calculations of 

this link information baing done where necessary. After 

outputting the information for each link, the totals for 

each section of the table are output. Note that there is a 

separate section of code for the output of each table. 
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Finally, several summaries are output: general quantity 

and cost, site-specific information, subdivision 

construction cost, subdivision density and yield efficiency. 

Each summary is basically an overview of the information 

presented in the link description tables. 

The quantity and price summary section of ANALYSIS 

outputs quantity (length, or area, or number of units) and 

total costs for each of the subdivision elements. These 

values that are output have either been calculated 

previously in ANALYSIS, or in other routines. 

Next, ANALYSIS outputs the site specific information 

summary. The number of each of the major road elements 

(NCUL, NDEAD, etc.) are output for the subdivision. Analysis 



also outputs the land use distribution in terms of areas. 

(ASING, AMULT, etc.) These values, as well as those used 

indicating the number of road elements, have also been 

calculated previously in ANALYSIS or in other routines. 

ANALYSIS then outputs a summary of subdivision 

construction costs. In order to create this summary, several 

cost per unit construction costs (eg. TCPPV, which is the 

total construction cost per hectare of pavement) are 

calculated. The total construction cost for the subdivision 

is printed out, followed by the cost per unit construction 

costs calculated previously. 

ANALYSIS outputs the subdivision density summary next. 

In order to do so, the gross .density (number of dwelling 

units per gross area) is calculated for single- and multi

family dwellings, as well as for all dwellings (SIGPGA, 

MULPGA and TOTPGA respectively). Net density (number of 

dwelling units per net area) is also calculated for single

and multi-family dwellings, and for all dwellings (SIGPNA, 

MULPNA and TOTPNA respectively). ANALYSIS then outputs the 

quantity of each of the dwelling type, TSING and TMULT, the 

area occupied by each dwelling type, GSING and GMULT for 

gross area and ASING + AMULT for net area, as well as the 

density is output for gross and net density. Totals for 

numbers of units, area and density are also output for both 

gross and net densities. 
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ANALYSIS now outputs a yield efficiency summary. 

Saleable frontage, TFRONT, total street length, TLEN and 

gross subdivision area, GROSS are first output for the 

summary. ANALYSIS then outputs the yield efficiency, 

including that based on total street length, YSTLEN, and 

that based on gross area, YGROSS. All of these values output 

have been calculated previously. 

Finally, ANALYSIS calls a routine, GRAPH, which plots a 

graph of investment rate of return against revenue. (See 

page 293, GRAPH). After GRAPH returns control to ANALYSIS, 

control is returned to the calling program. 
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5.3.6 ATTACH - A Routine to Initialize Variables for the 

PAVEMENT Routine 

The variables used by ATTACH are: 

* ALINK - area of road on the link. 

* AINTS 

* CORWD 

* LROAD 

* DSLINK 

* SSLINK 

* EXIT 

* L,N,J 

- area of an intersection. 

corresponding road width of a given link. 

- length of road on a given link. 

- domestic sewer elevation of a given link. 

- storm sewer elevation of a given link. 

- a flag indicating the exit node. 

- loop counters. 

This is a supplementary routine of PAVEMENT, it will 

initialize all the calculated variables to zero (LROAD, 

ALINK, CORWD, EXIT, AINTS) and the elevation variables to 

9999.9 (SSLINK, DSLINK). 
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5.3.7 CATBAS - A Routine to Calculate Number and Cost of 

Catehbasins 

The variables used by CATBAS are: 

* BASHGT 

~ BAS BED 

* OFFSET 

* SPACAT 

* CBASIN 

* CBCOST 

* NNODE 

* CBCOS 

* BASIN 

* FLINK 

* STRCAT 

* NLINK 

* LBASIN 

* LCBCOS 

* AVEDEP 

* NTYPE 

* NFLOW 

* NL 

* CLINK 

- height between the lead and the bedding 

(m) • 

- height of the bedding (m). 

- distance from center of street (m). 

- spacing of catchbasins (m). 

- number of catchbasins in subdivision. 

- cost of catchbasins in subdivision. 

- number of nodes in subdivision. 

- cost of catchbasins for the node. 

- number of catchbasins for the node. 

- flow link flag. 

- number of catchbasins per street length 

(tIm) • 

- number of links in subdivision. 

- number of catchbasins per link. 

- cost of catchbasins per link. 

- average link depth (m). 

- node type. 

- number indicating the flow paths of the 

node to the catchbasins. 

- number of links associated with a node. 

- current link in memory. 
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* ATTLIN 

* WROAD 

* F~G 

* E~F~ 

* WUNIT2 

* CBLEAD 

* CLEAD 

* CBDPTH 

* CDPTH 

* BRANCH 

* NBL 

* BULB 

* TLCOST 

links associated with the given node. 

- width of road of a given link (m). 

- indicates the direction of drainage flow. 

- flag to indicate that node has no drainage. 

- device number for the error file. 

- length of catchbasin lead (m). 

- minimum length of catchbasin lead (m). 

- indicates depth of catchbasins or non-

existence of catchbasin (CBDPTH~Om). 

- depth of catchbasin lead (m). 

- one of a number of links attached to the 

node used to indicate the end of a PATH 

when it equals 1. 

- number of links between 2 intersections .. 

- flag indicating bulb curve(s) presence. 

- grand total construction costs for 

subdivision. 

CAT BAS is used to calculate the total number of 

catchbasins required for the subdivision. The total 

construction costs for the catchbasins in the subdivision 

are also calculated by this routine. 

First, CATBAS initializes the variables. Next the 

number of catchbasins for each intersection are found by 

identifying: the intersections by checking the NTYPE of the 

nodes being processed; easements by checking the WROAD of 

the ATTLIN of the node being processed, and identifying 
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which links drain into the intersection or node by calling 

DRAIN,. It is assumed that each link attached to the node 

justifies a catchbasin. The routine checks for the existence 

of no drainage by calling the DRAIN routine. If there is no 

drainage then an error message is printed (eg. 'CATBAS-W-No 

drainage ••• ). 

Each ATTLIN are checked to see if it is an easement, if 

it is then CBLEAD equals 9999999.99 and CBDPTH is assigned 

the value of o. If it is not then CATDEPTH is called to 

calculate the catchbasin lead lengths and CBLEAD equals 

CLEAD returned from CATDEPTH and CBDPTH equals CDPTH. 

Second, the costs of the catchbasins are found by 

calling CAT CALC to calculate catchbasin construction costs 

for a node. If the NTYPE of the node being processed is 1 

then CATNODE is called to calculate the cost of catchbasins. 

Third, the catchbasins required at the nodes are 

allocated to links. Then each intersection is processed in a 

do-loop. Each node prior to the node being processed N2, 

assigns BRANCH to equal 4, the last node through the loop is 

the node being processed N1, and it assigns the value of 1 

to BRANCH. As long as STRLEN of both of these nodes is not 0 

and BRANCH is greater than 0 then BRANCH is decremented by 

1. NBL is initialized to 0 and then incremented at a 

numbered command. CLINK becomes the NBLth link of the PATH 

between 2 intersections, an intersection and a dead-end, and 

an intersection and a cul-de-sac. NBL is incremented until 

141 



CLINK of 0 is found at which point NBL is decremented and 

CORCHK is called to check the nodes to determine if they are 

bulb corners. If the BULB returned from CORCHK is 0 CATLIN 

is called to calculate the number of catchbasins per link. 

If BULB is not 0 CORNER is called to calculate the number of 

catchbasins on the bulb corner. 

Fourth, the costs of the catchbasins for the link are 

summed. CBCOST is incremented by LCBCOS and CBASIN by 

LBASIN. These variables are calculated in the CATCALC 

routine. The costs are allocated to the appropriate accounts 

using the ASPLIT routine and TLCOST is incremented by 

CBCOST. The catchbasin amounts and costs are output. Control 

is then passed to the calling program. 
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5.~.8 CLEAR - A Routine to Clear the Terminal Soreen and 

Print the RACAM Title 

The variables used by CLEAR are: 

* ESC - output escape code (used to indicate that 

'. BLA 

* SH,Q 

* J 

special control characters will follow). 

- control code used for screen manipulation. 

- contro~ codes used to home the cursor. 

- control codes used to clear the screen. 

CLEAR is used to clear the terminal screen, home the 

cursor, then print the RACAM heading. This routine is for 

VT-IOO terminals. 

After initializing the variables, CLEAR writes the a 

set of control codes. This set of control codes causes the 

terminal screen to clear. Second, CLEAR writes a second set 

of control codes. This set of control codes causes the 

cursor to home (go to the top left of the screen). CLEAR 

then prints the RACAM heading at the top of the screen. 

Control is then returned to the calling program. 
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5.3.9 CREATE - A Routine to Create Tri~utary Data 

The variables used by CREATE are: 

* TBTRYW - watermain tributary data returned from 

* TBTRYD 

* TBTRYS 

* NWMLNK 

* WLINKS 

* NDSLNK 

* DLINKS 

* NSSLNK 

* SLINKS 

* CHONUM 

* CHOLNK 

GROUP1. 

- domestic sewer system data returned from 

GROUP2. 

- storm sewer system data returned from 

GROUP2. 

- number of watermain links. 

- links involved in the watermain system. 

- number of domestic sewer links. 

- links involved in the domestic sewer 

system. 

- number of storm sewer links. 

- links involved in the storm sewer system. 

- number of choices that were made in 

designing a particular system. 

link numbers of links involved in each 

choice. 

- (index from 1 to CHONUM, 1-3). 

- 1 is the number of the link not chosen. 

- 2 is the number of the link chosen. 

- 3 is the number of the node at which the 

choice occurred. 
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* E~F~ 

* TRIF~ 

* L 

* X,X1,X2 

- a flag to indicate whether error messages 

should be output to the screen (E~F~=O), 

to the error file (E~F~=l), or both 

(E~FLG=2). 

- a flag to indicate whether the tributary 

data should be output or not (O=output, 

l=no output). 

- loop index. 

- miscellaneous variables. 

CREATE creates tributary data for the watermain, 

domestic sewer, and storm sewer systems from the list of 

-links involved in each system. Tributary data are data which 

organize the links into related groups of feeding and 

receiving links so that the flow in each system can be 

traced from origin to destination. The tributary data for 

each respective system consists of many groups, each 

composed of 2 to 4 links. There may be 1-3 'from' links 

(links supplying flow) in a group, but there must always be 

one 'to' link (link receiving flow) in a group. 

First, CREATE organizes the link descriptors of each 

link so that the node of higher elevation is in the array 

NODE1 and the node of lower elevation is in the array NODE2. 

This node arrangement corresponds to the data format 

requirements of succeeding subroutines. 
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Second, CREATE calls GROUP1 to determine the tributary 

data for the watermain system; the results of GROUP1 are 

stored in TBTRYW. 

Third, CREATE calls GROUP2 to determine the tributary 

data for the domestic sewer system. These results are stored 

in TBTRYD. GROUP2 also returns the path choices that were 

made while processing the data including the number of the 

link not chosen, the number of the link chosen, and the node 

at which the choice occurred. CREATE outputs this data to 

the error file as specified by ERRFLG (i.e. to the screen, 

error file, or both). Note: The path choices made by GROUP2 

cannot be changed at present. The user will have this 

ability in the future. 

Fourth, CREATE calls GROUP2 to determine the tributary 

data for the storm sewer system, the results are stored in 

TBTRYS. Again, CREATE outputs the path choice information, 

as described above. 

Finally, CREATE outputs the tributary data to the data 

file. Output is controlled by TRIFLG: O=output; l=no output. 

Control then returns to the calling routine. 
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5.3.10 DHSTC - a Routine to Design the Sewer System and 

Find the Associated Costs. 

The variables used by DMSTC are: 

* DSCOVR 

* DSDPTH 

'if DSCOST 

* QPCDS 

* SLOPE 

* OS LOPE 

* DSELEV 

* TDAREA 

* A1 

* Xl 

* QDS 

* 0 

* 02 

* DIADS 

* INDX2 

* DINDX2 

* CDS 

- minimum depth of coverage for sewer pipe 

(m) • 

- depth of sewer (m). 

- total cost of sewer. 

- sewer flow per capita. (455 liters per 

capita converted to ems per capita as 

obtained from Hamilton/Wentworth.) 

- slope between node1 and node2. 

- slope of sewer pipe between origin and 

destination node. 

elevation of sewer pipe (m). 

- total drainage area of each destination 

link (Ha.). 

- total drainage area of each link (acres). 

- total drainage area of each link (Ha.). 

- total generated sewer flow (cfs). 

- calculated diameter of pipe (m). 

- required diameter of sewer pipe (m). 

- diameter of sewer pipe (m). 

- diameter index for sewer(l-5). 

- depth index for sewer (1-9). 

- sewer unit link cost. 
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* TBTRYD - locations (1-3) contain the origin links 

describing the domestic sewer tributaries. 

Location 4 contains the destination link. 

Temporarily assigned to the variable CONST. 

* NDSGRP - number of tributary groups in domestic 

sewer system. 

* TPOP - total population feeding each destination 

link. 

* PDS - initial population of link for domestic 

sewer calculation. 

* P1 - population of a tributary link. 

* UNITS - number of single family units per link. 

* MULTI - number of multi family units per link. 

* FM - empirical formula result. 

* El-2 - elevation of origin and destination nodes 

of TBTRYD link. 

* LLINK - link length (m). 

* DESl-2 - ground elevation of the sewer pipe at the 

node (m). 

* ELEV - ground elevation of the node (m). 

* VEL - actual velocity of water in pipe (m/s). 

* DEPTHl-2 - elevation of the origin and destination 

nodes minus the elevation of the pipes (m). 

* ADPTH - average depth into ground of pipe em). 

The DMSTC routine calculates the sewer system 

parameters and costs. 
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First, for each tributary group DMSTC checks the origin 

links, if they are less than or equal to zero, then 

PDS(TBTRYD) of the destination link is incremented by TPOP 

and the next NDSGRP is processed. If the origin links are 

greater than zero TOLINK is set to zero. If the the origin 

links equal the destination link then TOLINK equals one. P1 

is calculated and added to TPOP. 

P1 = [UNITS(TBTRYD)+MULTI(TBTRYD)]*PEOPLE +PDS(TBTRYD) 
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Secondly, DMSTC calculates the generated domestic sewer 

flow. FM and QDS are calculated: 

FM = 5.0 / [(P1/1000)2] 

,QDS = P1 * QPCDS * FM. 

FM is checked and values greater than 5 are recued to 5, 

values less than 2 are increased to 2. Next GSLOPE is 

calculated: 

GSLOPE = ( E1 - E2 ) / LLINK(TBTRYD) 

GSLOPE is checked to see if its value is greater than zero, 

if so then SLOPE IS EQUAL to 0.000169, if not SLOPE equals 

GSLOPE and DSLOPE equals SLOPE. DD and D are calculated: 

DD = D = [3.20S*QDS*FRICTN/SQRT(DSLOPE)]O.375 

Thirdly DD is checked and INDX2 is assigned. If DD is 

less than 0.200, 0.250, 0.300 D2 is sequentially assigned to 

0.200, 0.250, 0.300 and INDX2 to 1, 2, 3. Otherwise D2 



equals 0.375 and INDX2 equals 4. DIADS of the tributary link 

,TBTRYD, is equal to D2. 

Fourth DMSTC calls DIAMTR to determine the pipe slope 

required to meet or exceed the minimum acceptable water 

velocity in a pipe. If VEL is greater than DVSMAX, and D2 is 

less than 0.375 then the diameter of the pipe is not 

appropriate for the water speed within it and it both must 

be changed. DSLOPE equals SLOPE, and DD equals D2 and DD is 

checked and INDX2 is reassigned. If DD is less than 0.200, 

0.250, 0.300 D2 is sequentially assigned to 0.200, 0.250, 

0.300 and INDX2 to 1, 2, 3. Otherwise D2 equals 0.375 and 

INDX2 equals 4. This loop continues until the appropriate 

velocity and diameter is calculated. DSDPTH and DSE1 are 

calculated: 

DSDPTH = DSCOVR + DIADS(TBTRYD) + 0.100 

DSE1 = ELEV[NODE1(TBTRYD)] - DSDPTH 

and TOLINK is checked, if it is greater than 0.5 it checks 

DSELEV and continues as explained in the next paragraph. If 

TOLINK is less than 0.5, then DSE2 equals: 

DSE2 = DSE1 - LLINK(CONST) * DSLOPE 

If DSELEV[NODE2(CONST)] is greater than DSE2, then 

DSELEV[NODE2(CONST)] equals DSE2. DEPTH is called to 

determine the depth index of a given pipe. If DPTH2 * 1.001 

is greater than DSDPTH then: 
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DSE1 = DSE1 - DSDPTH + DPTH2 

ana the DMSTC loops back to recalculating DSE2 with a new 

valQe of DSE1. If DPTH2 * 1.001 is less than DSDPTH then 

DM,·:'rc continues executing. 

Fifth the DSELEV of the origin node of the tributary 

link is checked against DSE1. If it is greater than DSE1 

than it is assigned the value of DSE1. DSE2 is calculated as 

being: 

DSE2 = DSELEV[NODE1(TBTRYD)] - LLINK(TBTRYD) * DSLOPE 

If DSELEV[NODE2(TBTRYD)] is greater than DES2 then DES2 is 

assigned the value of DSELEV. DEPTH is called to determine 

the depth index of a given pipe. If DPTH2 * 1.001 is less 

than DSDPTH then: 

DSELEV[NODE1(TBTRYD)]=DSELEV[NODE1(TBTRYD)]-DSDPTH+DPTH2 

and DMSTC loops back to the beginning of the fifth section, 

otherwise it continues to the sixth section which calculates 

costs. 

Sixth, the costs of the excavation are calculated and 

stored or passed to the appropriate accounts by calling 

ASPLIT. CDS is equal to the COST12, which is dependent upon 

the depth indexes. DSCOST is incremented by the value of 

CDS*LLINK of the tributary link being processed and DIADS is 

multiplied by 1000. The following values are output: 

CONST, P1, QDS, GSLOPE, D, VEL, DSLOPE, DPTH1, DPTH2, ADPTH 
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DSSDPTH is called to calculate the excavation depth for 

the pipe and PDS is calculated as explained in the first 

section. Control is then returned to the calling program. 
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5.3.11 ECONOM - A Routine to Calculate the Present Value 

Totals for operational and Maintenance Costs 

The variables used by ECONOM are: 

* TLCOST - total subdivision construction costs. 

* TMCOST 

* TOCOST 

* OPCOST 

* MNCOST 

* TACOST 

* NINT 

* PW 

* AC 

* INTRST 

* LIFE 

* RI 

- total subdivision maintenance costs. 

- total subdivision operation costs. 

- present, future, annuity values returned 

from GOGRAD, stored in an array. 

- total elemental maintenance costs. 

- total annual operation and maintenance 

cost. 

- total number of interest rate values. 

- the present value of a particular cost 

returned from the UNFORMl function. 

- the present value of an annual cost 

returned from the UNFORM function. 

- interest rate in percentage. 

- the life of the construction element. 

- the interest rate in decimal terms. 

The ECONOM routine calculates the totals for the 

operational and maintenance costs for the subdivision. The 

routine adds the operational, TOCOST, and maintenance, 

TMCOST, costs then totals them in TACOST. 
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The present and annual costs are calculated by using 

the UNFORM functions (See page 348, for an explanation of 

the function.). 

ECONOM writes all of these results to the output file. 
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5.3.12 ERRCHK - A Routine to Check for Data Errors 

Th: variables used byERRCHK: 

'k NNODE 

* NTYPE 

* NLINK 

* NODE1 

* NODE2 

* ERRFLG 

* CHEKED 

- the number of nodes in a subdivision. 

- The type of node: cul-de-sac, dead-end, 3-

way, etc. If a node is an access/egress 

node, then NTYPE will initially have a 

negative value; later, when the 
. 

access/egress points no longer need to be 

identified, the negative values are 

converted to positive values. 

- the number of links in the subdivision. 

- an array which holds the node of highest 

elevation for each link. 

- an array which holds the node of lowest 

elevation for each link. 

- a flag to indicate whether error messages 

should be output to the screen (ERRFLG=O), 

to the error file (ERRFLG=l), or both 

(ERRFLG=2) . 

- an array which keeps track of which links 

are directly or indirectly attached to an 

access/egress point (i.e. continuous with 

an exit). If a link is continuous, its 

corresponding element in CHEKED is flagged 

with a value of one. 
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* CHEKIN 

* REFLNK 

* BRANUM 

* BRALNK 

* NUMPTH 

* PATHS 

* FLAG1 

* FLAG2 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- the number of branches (forks in the path) 

encountered during a given continuity test 

of a link. 

- an array holding the link number of the 

link which occurred before each branch. 

- number of possible paths which REFLNK can 

follow from a given link. 

- an array listing the link numbers of all 

the possible paths. 

- if set to one, signifies an end to the 

continuity test of a given link. 

- if set to one, signifies that REFLNK should 

return to tha most recently encountered 

branch and try another path. 

* L,L1,L2,I - loop index variables. 

* X,X1,X2 - miscellaneous variables. 
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ERRCHK checks the validity of the input data and 

outputs the appropriate error message when an error is 

detected. 

First, ERRCHK checks for out of range link descriptor 

values, that is, node values which are greater than the 

number of nodes in the system. A simple loop steps through 

the link descriptors of each link and compares these 

descriptors to the total number of nodes in the system 

(NNODE). When a node descriptor is greater than NNODE, then 

the following error message is output (in a manner defined 

by ERRFLG): ERRCHK-I-Link #xx references an out of range 

node. 

Second, ERRCHK checks for links which have the same 

link descriptor at each end. A simple loop steps through the 

links and compares the descriptors of each link. If the 

descriptors are the same, the. following error message is 

output (in a manner defined by ERRFLG): ERRCHK-I-Link #xx 

has the same node at each end. 

Third, ERRCHK checks for links which have the same pair 

of link descriptors (end points). For example, if one link 

has the end points 4 and 7, and another link has the end. 

points 7 and 4, or 4 and 7, an error would be detected. This 

check is performed by two nested loops. The first loop steps 

through the links, and the second loop compares each link to 

the one indexed in the first loop. If two links having the 

same link descriptors are detected, the following error 
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message is output (in a manner defined by ERRFLG): ERRCHK-I

Link #xx has the same nodes as link #yy. Note that if an 

error of this type occurs, two error messages will be 

displayed, one message for each link in the offending pair. 

The fourth and most important task performed by ERRCHK 

is to verify that every link is directly or indirectly 

attached to an access/egress point (i.e. continuous with an 

exit). A loop is used to index each link for testing. If a 

link was tested in connection with the test of a prior link, 

(CHEKED indicates whether the link has already been tested) 

then the test for this link is not repeated and the loop 

continues to the next link. To determine whether a link is 

directly or indirectly attached to an access/egress point, 

REFLNK is initially set to the link indexed by the loop. 

Then PATHSl is called to identify all possible paths 

emerging from the current link (PATHS1 only returns those 

paths which have not already been tested). If more than one 

path choice exists, the link number to which REFLNK is 

pointing is stored in BRALNK, a path is selected and the 

test repeated with REFLNK pointing to the newly chosen link. 

As REFLNK is moved from link to link, each link it points to 

is flagged in CHEKIN. If a dead end (i.e. no path choices) 

is reached, REFLNK is reset to the most recent link where a 

branch was identified. When an access/egress point has been 

found, the original link and every link accessed by REFLNK 

(as recorded in CHEKIN) is flagged in CHEKED, all CHEKIN 

flags are cleared, and the next link is indexed for testing. 
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If all branches have been tried and no paths leading to 

ar access/egress point can be found, the following error 

message is output: ERRCHK-I-Link #xx has no path to an exit. 

Nota that when one of these errors occurs, several other 

errors may occur as well. These errors may often be 

corrected by: (1) correcting a previously identified error, 

(~) ensuring that no links are arranged in a loop without 

being joined to the rest of the system, and (3) ensuring 

that all access/egress ~oints are properly identified (i.e. 

node type values have negative signs). Also, note that if 

none of the access/egress paths were properly identified 

then all links will produce this error message. 

Finally ERRCHK organizes the link descriptors of each 

link so that the node of higher elevation is in array NODEl 

and the node of lower elevation is in array NODE2. This node 

arrangement corresponds to the data format requirements of 

succeeding subroutines. Control then returns to the calling 

routine. 
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5.3.13 FRONTAGE - A Routine to Calculate Saleable Frontage 

Area and Yield Efficiencies for the Subdivision 

The variables used by FRONTAGE are: 

* FRAT I 0 

* CONS 

* APAVE 

* TAREA 

* AWALK 

* TWK 

* TFRONT 

* ASING 

* ASUB 

* APARK 

* ABUFF 

* ASCHOL 

* AMULT 

* ACOM 

* AOTHER 

* FRONT 

* NLINK 

* GROSS 

- a constant ratio used to calculate the 

saleable frontage for school and multi

family units. 

- 10000.00 constant divisional factor. 

- pavement area for subdivision (m2 ). 

- total area of the pavement (m2 ). 

- sidewalk area for subdivision (m2 ). 

- total sidewalk length in the subdivision 

(m) • 

- total saleable frontage for the subdivision 

(m) • 

- total area of single family units (m2 ). 

- total area of the subdivision (m2 ). 

- total area of the parks (m2 ). 

- total area of the buffers (m2 ). 

- total area of the schools (m2 ). 

- total area of multi-family units (m2). 

- total area of the common areas in 

subdivision (m2 ). 

- total area of 'other' areas in subdivision 

(m2 ) • 

- saleable frontage of a given link (m2). 

- number of links in the subdivision. 

- the gross subdivision area (m2). 
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* YSTLEN 

* TLEN 

* YGROSS 

- yield efficiency based on total street 

length (TFRONT/TLEN). 

- total street length in the subdivision (m). 

- yield efficiency based on subdivision's 

gross area (TFRONT/GROSS) (m/m2). 

FRONTAGE determines the total saleable frontage 

available for the subdivision. It also calculates yield 

efficiency factors based on the street length and gross area 

in the subdivision. 

First the routine calculates the single family area in 

the subdivision by subtracting all other areas from the 

total area. 

Second the total frontage lengths (TFRONT) are 

calculated by summation of: 

TFRONT = FRONT + ASCHOL * FRATIO + AMULT * FRATIO 

The gross area of the subdivision is 

GROSS = ASUB - ACOM - AOTHER 
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5.3.14 HEAD- A Routine to Clear the Terminal Screen and 

Print the RACAM Title. 

The variables used by HEAD are contained only in HEAD 

and are not passed or used in any other routine. various 

constants are defined in the routine to define the screen 

size. 

First, the cursor is 'homed' to bring it to a 

particular position on the screen. Second, the screen is 

cleared. Third, the RACAM heading is printed using a series 

of formatted asterisks to print out the RACAM title. 
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5.3.15 IDDMSW - A Routine to Identify Links Comprising the 

Domestic Sewer system 

Tht~ variables used by IDDMSW are: 

x NTYPE - The type of node: cul-de-sac, dead-end, 3-

* NODE1 

* NODE2 

* NEWELV 

* OLDELV 

* CHEKED 

* CHEKIN 

* PCHIDX 

way, etc. If a node is an access/egress 

node, then NTYPE will initially have a 

negative value; later, when the 

access/egress points no longer need to be 

identified, the negative values are 

converted to positive values. 

- an array which holds the node of highest 

elevation for each link. 

- an array which holds the node of lowest 

elevation for each link. 

- a copy of ELEV that can be modified. 

- a copy of NEWELV to reverse modifications. 

- an array which keeps track of which links 

directly or indirectly attach to 

access/egress points (i.e. continuous with 

an exit). If a link is continuous, its 

corresponding element in CHEKED is flagged 

with a value of one. 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

index into POSCHN. 
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* POSCHN 

* CHNIDX 

* CHAINS 

* REFLNK 

* BRANUM 

* BRALNK 

* NUMPTH 

* PATHS 

- an array containing the links possibly 

belonging to the chain currently being 

developed. 

- index into CHAINS. 

- a two-dimensional array containing a list 

of chains and the links which make up each 

chain. (A chain is a connected group of 

links.) Any chain that leads to an 

access/egress point is identified with a 

one in the zeroth element of the array. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at 'the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- the number of branches (forks in the path) 

encountered during a given continuity test 

of a link. 

- an array holding the link number of the 

link which occurred before each branch. 

- number of possible paths which REFLNK can 

follow from a given link. 

- an array listing the link numbers of all 

possible paths. 
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* FLAG 1 

* FLAG2 

* FLAG3 

* ERRFLG 

* RESULT 

* LNKTYP 

* CHECK 

- indicates how many times the pit routine 

has been done. The routine will be forced 

to end if this reaches 1000. 

- if set to one, signifies an end to the 

continuity test of a given link. 

- if set to one, signifies that REFLNK should 

return to the most recently encountered 

branch and try another path. 

- a flag to indicate whether error messages 

should be output to the screen (ERRFLG=O), 

to the error file (ERRFLG=l), or both 

(ERRFLG=2) . 

- indicates whether the current path choice 

has been tried before. If RESULT=O, the 

current path choice has not been tried. If 

RESULT=l, the current path choice has been 

tried; this path would result in the 

duplication of an existing chains. 

if a link is directly or indirectly 

connected to an access/egress point via 

links which are obviously part of the 

domestic sewer system LNKTYP (link type) is 

set to zero. If a link is not continuous, 

LNKTYP is set to 1. 

- an array used to keep track of links which 

are obviously in the domestic sewer system. 
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* LENGTH 

* NDSLNK 

* DLINKS 

* L,Ll-3,I 

* X,X1,X2 

- the sum of the lengths of each individual 

link in a chain. 

- number of domestic sewer links. 

- an array holding the links involved in the 

domestic sewer system. 

- loop index variables. 

- miscellaneous variables. 
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IDDMSW identifies links comprising the domestic sewer 

system. Since the domestic sewer and storm sewer systems 

operate primarily under gravity flow conditions, IDDMSW must 

eliminate all pits from the sewer system. (A pit is a node 

with inflows but no outflows; that is, the elevation of a 

node is lower than the elevations of all adjacent nodes.) 

First, the trenching elevation of each node, obtained by 

subtracting the trenching depth (i.e. 2.75 m) from the 

natural ground elevation (ELEV), is stored in NEWELV and 

OLDELV. 

Then a DO-WHILE loop is set up for the pit elimination 

procedure. This loop will continue to execute as long as 

FLAG1 remains less than 1000. Within the DO-WHILE loop, 

another loop indexes nodes in the subdivision. REFNOD is set 

to the point to the indexed node and TAGPIT is called. If 

TAGPIT indicates that REFNOD is not a pit (i.e. PITFLG-O), 

then the next node is indexed. However, if REFNOD is a pit 



(i.e. PITFLG=l), then an attempt is made to eliminate the 

pit. 

PATHS5 is called to identify nodes adjacent to the pit. 

These nodes are systematically lowered by 0.02 m. Their new 

elevations are compared to REFNOD elevation with a call to 

TAGPIT. If one of the adjacent nodes is not a pit then the 

nu~~er of this node is stored in Xl. The elevations of the 

remaining adjacent nodes are restored to their original 

values. If none of the adjacent nodes can be lowered by 0.02 

m to eliminate the pit, then REFNOD is raised 0.02 m above 

the lowest adjacent node. Raising REFNOD may result in the 

formation of a pit elsewhere; however, these new pits will 

probably be eliminated during the 1000 iterations of the pit 

elimination section of IDDMSW. When all pits have been 

eliminated or FLAG1=1000, ELEV is updated with the new 

elevations. 

Then the domestic sewer links are identified. First, 

link descriptors of each link are organized so that the node 

of higher elevation is in array NODEl and the node of lower 

elevation is in array NODE2. Node arrangement corresponds to 

the data format requirements of succeeding subroutines. 

Second, the links which are obviously part of the 

domestic sewer system are identified. A loop indexes each 

link in the subdivision so that the presence of single and 

multi family units and initial conditions may be detected. 

When family units and initial conditions are present on the 
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indexed link, the link number is copied into DLINKS and its 

corresponding element is flagged in CHECK. 

Third, each link in the domestic sewer system is tested 

to determine whether it is directly or indirectly connected 

to an access/egress point via other domestic sewer links. 

However, a new criteria is introduced; the path must be 

downhill. A loop is used to index each link for testing. If 

a link was tested in connection with the test of a prior 

link (CHEKED indicates whether the link has already been 

tested), then the test for this link is not repeated and the 

loop continues to the next link. To determine whether a link 

is directly or indirectly attached to an access/egress 

point, REFLNK is initially set to the link indexed by the 

loop. Then PATHS2 is called to identify all possible paths 

emerging from the current link (PATHS2 only returns those 

paths which have not already been tested). A loop is used to 

delete all upward sloping paths from the list of possible 

paths so that only downsloping paths remain. If more than 

one path choice exists, the link number to which REFLNK is 

pointing is stored in BRALNK, a path is chosen, and the test 

repeated with REFLNK pointing to the newly chosen link. As 

REFLNK is moved from link to link, each link it points to is 

flagged in CHEKIN. If a dead end is reached (i.e. no path 

choices), REFLNK is reset to the most recent link where a 

branch was identified. When all branches have been tried and 

no paths leading to an access/egress point can be found, 

LNKTYP is set to one indicating that a path must be created. 
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When an access/egress point is found, the original link and 

every link accessed by REFLNK (as recorded in CHEKIN) is 

flagged in CHEKED, all CHEKIN flags are cleared, and LNKTYP 

remains set to zero. 

At this point, if LNKTYP=O, the loop finishes and the 

routine returns to test the next link. If LNKTYP=l, the 

routine identifies the shortest path from the given link to 

an access/egress point, adding all links along that path to 

the domestic sewer system. REFLNK is set to the current 

link. PATHS4 is called to identify valid domestic sewer 

links (including easement). Each link REFLNK points to is 

stored in POSCHN: links are stored in the order they were 

pointed to. When a dead end or access/egress point is 

encountered, or when REFLNK has pointed to 50 links, the 

contents of POSCHN are copied into CHAINS. (A one is stored 

in the zeroth element of CHAINS if an access/egress point is 

encountered.) The elements are then erased up to the last 

branch, a new chain is begun, and the procedure repeats. 

When all branches have been taken, (i.e. all chains have 

been found) the shortest chain capable of reaching an 

access/egress point is identified. 

A loop is used to step through the chains so that 

chains ending in an access/egress point (i.e. zeroth element 

equals one) may be found. When such a chain is found, a 

second loop steps through the links in the chain and sums 

their lengths. The total length is stored in CHAINL in the 
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element corresponding to the chain number. When the length 

of all chains ending in an access/egress point have been 

calculated, a loop is used to isolate the shortest chain. 

The procedure assumes that the first chain possesses the 

shortest length, and stores the chain's number in X2. The 

length of each remaining chain is then compared to the 

length of chain X2. If a chain with a shorter length than 

chain X2 is discovered, the number of the shorter chain is 

stored in X2. When the loop ends, X2 identifies the shortest 

chain. Another loop flags the elements in CHECK 

corresponding to the links in the chosen chain. 

Links that are used to find the shortest path but which 

were not previously included in the domestic sewer system 

are added to the system now. Note, an important difference 

between IOWATR and IOOMSW is that IOWATR does not update 

WLINKS until a path leading to an access/egress point has 

been identified for all links in the subdivision system. 

IOOMSW updates OLINKS after a path leading to an 

access/egress point has been identified for each link. The 

result is a priority given to existing links in the system 

when testing for continuity with an exit. Consequently, the 

domestic sewer routine does not include new links in the 

system if a path to an access/egress point along previously 

identified links already exists. 

The routine returns to the beginning of the loop to 

test the next link. When all links have been tested, the 
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rcutine eliminates level links (i.e. links having the same 

elevation on both ends). These links must be eliminated so 

that the direction of sewer flow can easily be defined. A 

lo~p indexes links. PATHS7, is called to identify links. 

adjacent to the nodes belonging to the indexed link. OPTPTH 

id€ntifies the shortest path leading to an access/egress 

pcint. The link leading to the shortest path is connected to 

one of the corresponding nodes belonging to the level link. 

Then one of the nodes is lowered by 0.01 m. TAGPIT 

determines whether lowering this node creates a pit, in 

which case the opposite node is raised. 
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When a level link is eliminated, the flow situation may 

change. The routine consequently returns to the beginning 

and recreates the domestic sewer system using the modified 

elevations. 

When all pits and level links are eliminated, the 

domestic sewer system has been defined and, control returns 

to the calling program. 



5.3.16 IDSTSW - A Routine to Identify Links Involved in the 

storm Sewer system 

The variables used by IDSTSW are: 

* NLINK - number of links in the subdivision. 

* NSSLNK 

* SLINKS 

* L 

- number of storm sewer links. 

- links involved in the storm sewer system. 

- loop index. 

IDSTSW identifies links involved in the storm sewer system. 

Every link in the subdivision is assumed to be part of the 

storm sewer system. Therefore, a loop is used to copy the 

link identifier into SLINKS. NSSLNK is initialized to NLINK. 
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5.3.17 IDWATR - A Routine to Identity Links Comprising the 

Watermain System 

The variables used by I DWATR are: 

* NTYPE - The type of node: cul-de-sac, dead-end, 3-

* NODE1 

* NODE2 

* CHEKED 

* CHEKIN 

* PCHIDX 

way, etc. If a node is an access/egress 

node, then NTYPE will initially have a 

negative value; later, when the 

access/egress points no longer need to be 

identified, the negative values are 

converted to positive values. 

- an array which holds the node of highest 

elevation for each link. 

- an array which holds the node of lowest 

elevation for each link. 

- an array which keeps track of which links 

are directly or indirectly attached to an 

access/egress point (i.e. continuous with 

an exit). If a link is continuous, its 

corresponding element in CHEKED is flagged 

with a value of one. 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- index into POSCHN. 
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* POSCHN 

* CHNIDX 

* CHAINS 

* REFLNK 

* BRANUM 

* BRALNK 

* NUMPTH 

* PATHS 

- an array containing the links possibly 

belonging to the chain currently being 

developed. 

- index into CHAINS. 

- a two-dimensional array containing a list 

of chains and the links which make up each 

chain. (A chain is a connected group of 

links.) Any chain that leads to an 

access/egress point is identified with a 

one in the zeroth element of the array. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point)·at any given 

time. REFLNK (reference link) starts at the 

link being test, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- the number of branches (forks in the path) 

encountered during a given continuity test 

of a link. 

- an array holding the link number of the 

link which occurred before each branch. 

- number of possible paths which REFLNK can 

follow from a given link. 

- an array listing the link numbers of all 

possible paths. 
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* FLAG 1 

FLAG 2 

* ERRFLG 

* LNKTYP 

* CHECK 

* LENGTH 

* NWMLNK 

* WLINKS 

* L,Ll-3,I 

* X,X1,X2 

- if set to one, signifies an end to the 

continuity test of a given link. 

- if set to one, signifies that REFLNK should 

return to the most recently encountered 

branch and try another path. 

- a flag to indicate whether error messages 

should be output to the screen (ERRFLG=O), 

to the error file (ERRFLG=l), or both 

(ERRFLG'""2) • 

if a link is directly or indirectly 

connected to an access/egress point via 

links which are obviously part of the 

watermain system, LNKTYP (link type) is set 

to zero. If a link is not continuous, 

LNKTYP is set to 1. 

- an array used to keep track of links which 

are obviously in the watermain system. 

- the sum of the lengths of each individual 

link in a chain. 

- number of watermain links. 

- an array holding the links involved in the 

watermain system. 

- loop index variables. 

- miscellaneous variables. 
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IDWATR identifies links comprising the watermain 

system. First, the links which are obviously part of the 

watermain system are identified. A loop indexes each link in 

the subdivision so that the presence of single- and multi

family units and initial conditions may be detected. When 

family units and initial conditions are present on the 

indexed link, the link number is copied into WLINKS and its 

corresponding element is flagged in CHECK. 
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Second, each link in the watermain system is tested to 

determine whether it is directly or indirectly connected to 

an access/egress point via other watermain links. A loop is 

used to index each link for testing. If a link was tested in 

connection with the test of a prior link, (CHEKED indicates 

whether the link has already been test), the test for this 

link is not repeated and the loop continues to the next 

link. To determine whether a link is directly or indirectly 

attached to an access/egress point, REFLNK is initially set 

to the link indexed by the loop. Then PATHS2 is called to 

identify all possible paths emerging from the current link 

(PATHS2 only returns those paths which have not already been 

tested). If more than one path choice exists, the link 

number to which REFLNK is pointing is stored in BRALNK, a 

path is selected, and the test repeated with REFLNR pointing 

to the newly chosen link. As REFLNK is moved from link to 

link, each link it points to is flagged in CHEKIN. If a dead 

end (i.e. no path choices) is reached, REFLNK is reset to 

the most recent link where a branch was identified. When all 



branches have been tried and no paths leading to an 

access/egress point can be found, LNKTYP is set to one 

indicating that a path must be created. When an 

access/egress point is found, the original link and every 

link accessed by REFLNK (as recorded in CHEKIN) is flagged 

in CHEKED, all CHEKIN flags are cleared, and LNKTYP remains 

set to zero. 

At this point, if LNKTYP=O, the loop finishes and the 

routine returns to test the next link. Note, however, that 

LNKTYP is immediately forced to one to prevent a watermain 

link on one side of the subdivision from being connected to 

an access/egress point on the opposite side. This situation 

is undesirable because the pressure available at an 

access/egress point on one side of the subdivision may not 

be large enough to adequately feed a link on another side. 

By forcing LNKTYP to be one, the shortest path to an 

access/egress point is found for every link, effectively 

rendering the continuity check useless. However, the 

continuity check remains a part of the routine since some 

situations may require that a minimum number of links be 

used without regard for pressure losses. 

Therefore, since LNKTYP=l, the routine identifies the 

shortest path from the given link to an access/egress point, 

adding all links along that path to the watermain system. 

First, a simple loop indexes all watermain links so 

that they may be tested for cul-de-sacs and dead-ends (i.e. 
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NTYPE=l). These links are then flagged in CHEKIN. PATHS3 is 

called to identify valid (non-easement and unused) watermain 

links adjacent to REFLNK. REFLNK is set to the current link. 

As REFLNK is moved from link to link, the number of each 

link it points to is stored in POSCHN; links are stored in 

the order they were pointed to. When a dead end, or 

access/egress point is encountered, or when REFLNK has 

pointed to 50 links, the contents of POSCHN are copied into 

CHAINS (a one is stored in the zeroth element of CHAINS if 

an access/egress point is encountered). The elements in 

POSCHN are then erased up to the last branch, a new chain is 

begun and the procedure repeats. When all branches have been 

taken, (i.e. all chains have been found), the shortest chain 

capable of reaching an access/egress point is identified. 

A loop is used to step through the chain so that chains 

ending in an access/egress point (i.e. zeroth element equals 

one) may be found. Whenever such a chain is found, a second 

loop steps through the links in the chain and sums their 

lengths. The total length is stored in CHAINL in the element 

corresponding to the chain number. When the length of all 

chains ending in an access/egress point have been 

calculated, a loop is used to isolate the shortest chain. 

The procedure assumes that the first chain possesses the 

shortest length, and stores the chain's number in X2. The 

length of each remaining chain is then compared to the 

length of chain X2. If a chain with a shorter length than 

chain X2 is discovered, the number of the shorter chain is 



I . 

stored in X2. Another loop flags the elements in CHECK 

corresponding to the links in the chosen chain. 

Finally, the routine returns to the beginning of the 

loop to test the next link. When all links have been tested, 

the routine returns control to the calling program. It is 

important to note that except for easement links, the chains 

can be composed of any link type. 
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5.3.18 INDAT1- A Routine to Read the Unit cost Data 

The variables used by INDAT1 are: 

* IST - flag indicating the naming of the input or 

output file. 

* RUNIT1 - unit device number as dictated by RCMAIN. 

* COSTl-33 - the unit costs of the service elements (See 

page 208 OUTDAT1). 

* PEOPLE - the number of people per unit (multi- or 

single-family) 

* DSVMIN the minimum domestic sewer pipe velocity 

(m/s) . 

* SSVMIN 

* DSVMAX 

* SSVMAX 

* WVMIN 

* FRICTN 

* DSCOVR 

* SSCOVR 

* SPAMAN 

* SPALIT 

the minimum storm sewer pipe velocity 

(m/s) • 

the maximum domestic sewer pipe velocity 

(m/s) . 

the maximum storm sewer pipe velocity 

(m/s) • 

the minimum water velocity in a pipe (m/s). 

'Manning's' pipe roughness coefficient. 

- minimum depth of coverage for domestic 

sewer pipe (m). 

- minimum depth of coverage for storm sewer 

pipe (m). 

- maximum spacing between manholes (m). 

- maximum spacing between lights (m). 

180 



* USE 

* FLOAD 

* ACCNUM 

* DEFINE 

* NACCNT 

* NUMELE 

* NACONT 

* ACCODE 

* PRCENT 

* MBCOST 

* MGRAD 

* MINST 

* MLIFE 

* OBCOST 

* OGRATE 

* OINST 

* OLIFE 

- domestic watermain use (m3/person/day). 

- water consumption safety factor. 

- account number. 

- full description of account. 

- number of accounts. 

- number of subdivision service elements. 

- number of account numbers associated with a 

subdivision element. 

- account code. 

- cost percentage of each subdivision service 

element by account. 

- the unit cost of the subdivision element. 

- maintenance cost gradient factor. 

- the maintenance cost interest rate. 

- the element's maintenance service life. 

- the unit cost of the subdivision element. 

- the operational cost gradient factor. 

- interest rate for the operational costs. 

- useful life of the element. 

The INDAT1 routine obtains its input from the IOFILE 

routine, which when called by INDAT1 opens the economic data 

input file. INDAT1 then reads: the cost data into the COST 

variables listed above, and the other subdivision parameters 

into the rest of the variables listed above. 
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The cost data is divided into various sections that are 

differentiated by flags of -1 within the data files. 
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5.3.19 INDAT2- A Routine to Read the Subdivision Design 

Dat! 

The variables used by INDAT2 are: 

* P.uNIT2 

* NINT 

* INTRST 

* LIFE 

* NNODE 

* NTYPE 

* ELEV 

* NLINK 

* NODE1 

* NODE2 

* LLINK 

* UNITS 

* MULTI 

* AREA 

- unit device number as dictated by RCMAIN. 

- total number of interest rate values. 

- interest rate value. 

- expected life of the project. 

- total number of nodes. 

- type of node where: 1-termination 

2-directional 

3-3-way 

4-4-way 

5-other 

-3-access/egress 

-5-access/egress 

easements 

- ground elevation of the node. 

- total number of links. 

- origin node of the link. 

- destination node of the link. 

- link length. 

- number of single family units per link. 

- number of multi family units per link. 

- total drainage area of link (Ha). 
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* LROAD 

* WROAD 

* TROAD 

* WWALK 

* BARIER 

* ROLLED 

* BLVD 

* NWM 

* NDS 

* NSS 

* RADIUS 

* FRONT 

* TBTRYW 

* TBTRYD 

* TBTRYS 

* IQ 

* L 

- length of road on a given link (m). 

- width of road of a given link (m). 

- type of road/s~reet. 

- sidewalk width (m). 

- barrier curb/gutter leng~h per link (m). 

- rolled curb/gutter length per link (m). 

- blvd. curb/gutter length per link (m). 

- total number of destination links 

describing the watermain system. 

- total number of destination links 

describing the domestic sewer system. 

- total number of destination links 

describing the storm sewer system. 

- radius of the cul-de-sac/tube (m). 

- saleable frontage per link (m). 

- locations (1-3) contain the origin links 

describing the watermain tributaries. 

Location 4 contains the destination link. 

- locations (1-3) contain the origin links 

describing the domestic sewer tributaries. 

Location 4 contains the destination link. 

- locations (1-3) contain the origin links 

describing the storm sewer tributaries. 

Location 4 contains the destination link. 

- the total number of assigned an initial 

value, to follow: 

- the number of the link. 
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* P 

* PDS 

* ASS 

* APARK 

* ABUFF 

* ASCHOL 

* AMULT 

* ACOM 

* AOTHER 

* ASUB 

- initial population of link for watermain 

calculation. 

- initial population of link for domestic 

sewer calculation. 

- initial population of link for storm sewer 

calculation. 

- total area of the parks (m2). 

- total area of the buffers (m2). 

- area of schools per subdivision (m2). 

- area of multi family units per subdivision. 

- area of commercial section per subdivision 

(m2 ) • 

- area of 'other' land per subdivision (m2). 

- area of total subdivision (m2). 

The INDAT2 routine opens the input file by calling 

IOFlLE. The link and node data is read into the arrays 

described by the variables above. 
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5.3.20 IOFILE- A Routine to Open the Files Used for Input 

and output. 

The variables used by IOFILE are: 

* DEVICE - unit device name as dictated by RCMAIN. 

* IST 

* FNAME 

- flag indicating the naming of the input or 

output file. 

- the name of the input or output files. 

The IOFILE's input is the device number under which to 

assign a unit number for the input and output files. The 

routine reads the user's names for these files and opens 

space for them on the VAX system. 
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5.3.21 LIGHT - A Routine to Calculate the Number and Cost 

of street Lights in the Subdivision. 

The .,ariables used by LIGHT are: 

* NNODE - number of nodes in subdivision. 

* LTCOSN - light costs per node. 

* LTNODE 

* STRLIT 

* NLINK 

* LTCOSL 

* LTLINK 

* NTYPE 

* CLINK 

* TOTAL 

* SLEN 

* PATH 

* STRLEN 

* ATTLIN 

* NRGLIT 

* NSALIT 

* RADIUS 

* WROAD 

- number of lights per node. 

- number of street lights per street length. 

- number of links in subdivision. 

- light costs per link. 

- the number of lights per link. 

- node type. 

- current link. 

- street length between intersections and 

intersections, dead-ends. (temporary) (m). 

- street length of a given link (returned 

from CHECKLEN routine) em). 

- links between two intersections or 

intersection and dead end or intersection 

and cul-de-sac. 

- street length between two intersections or 

intersection and dead end or intersection 

and cul-de-sac (m). 

- links associated with the specified node. 

- number of street lights. 

- number cul-de-sac street lights. 

- radius of the cul-de-sac/tube em). 

- width of road of a given link em). 
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* COST2 

* NBL 

* BRANCH 

* STLEN1 

* STLEN2 

* EXRLEN 

* SPALIT 

* LIGHTS 

* SLCOST 

* NLIGHT 

* NLITS 

* NL 

* LINK1 

- street light cost. 

- number of links between 2 intersections. 

- number of links attached to the node. 

- the summation of the spacing between street 

lights (m). 

- the summation of the street lengths (m). 

- the extra street length attributed to the 

width of the road (m). 

- the spacing distance between lights on a 

street (m). 

- the number of street lights on the current 

street. 

- total cost of all street lights. 

- the total number of street lights. 

- the total number of street lights. 

- the number of links between two 

intersection,dead-end nodes. 

- the link between type 2 node and the other 

nodes. 

LIGHT calculates the number of street lights and their 

cost in the subdivision. First the routine identifies and 

counts the intersection and cul-de-sac nodes by calling 

COUNTER to count the number of 3 way, 4 way, cul-de-sac, and 

exit nodes in the subdivision. LIGHT then checks if the 

NTYPE is 3 or 4, if so each possible path leading from the 

node (there are 4) is processed by calling FINDPATH to 

identify the links between intersections, dead-ends, and 
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cul-de-sac nodes. If NL equals 0 processing continues as 

described in the third action paragraph. If NL is not 0 then 

CLINK is the assigned to the last link on the PATH. 
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Second, each link returned in the PATH is processed 

through CHECKLEN to calculate the length of cul-de-sacs, and 

TOTAL is incremented by SLEN. STRLEN of: the node being 

processed, one of the links attached to the node and the 

subsequent other node attached to this link, is assigned the 

value of TOTAL. 

Third, LIGHT rearranges the STRLEN array and puts the 

subscripts in decreasing order. LIGHT checks STRLEN(N1,N2,J) 

in a triple do-loop incrementing each node, N1,N2 and J. If 

STRLEN(N1,N2,J) is not 0, FINDPATH is called, CLINK is 

assigned the value of the last link on the PATH, and each 

attached link is checked to see if it is equal to CLINK and 

it is identified as J2. If Nl is less than N2 and 

STRLEN(N2,N1,J2) equals 0 then STRLEN(N2,N1,J2) equals 

STRLEN(N1,N2,J). 

Fourth, the street lights for the cul-de-sacs are 

calculated. Each node Nl is checked to see if its RADIUS is 

not 0 and NTYPE is 1. If so then NSALIT is incremented by 1~ 

LTNODE(Ll) equals 1, and LTCOSN equals COST2. Each ATTLIN 

(CLINK), is checked for a value of 0 and WROAD greater than 

O. CLINK's origin and destination node types are checked to 

see if they are equal to 2. If so, COLCHK is called. If COL 

equals 0, LTCOSL is incremented by COST2 and LTLINK is 



incremented by 1. If CUL does not equals 0 LTCOSL(LINK1) is 

incremented by COST2 and LTLINK(LINK1) is incremented by 1. 

If neither of the origin or destination CLINK's Ntype's are 

2 then LTCOSL(CLINK) is incremented by COST2 and 

LTLINK(CLINK) is incremented by 1. 

If the NTYPE of the node is equal to 3 or 4, LTNODE and 

NRGLIT is incremented by the NTYPE of the node minus 2. 

LTCOSN equals LTNODE * COST2 and DMAKER is called. A loop is 

set to assign costs to the LINK that OMAKER finds. 

LTCOSL(LINK) is incremented by COST2 and LTLINK(LINK) by 1. 

Then each intersection is processed in a do-loop. Each node 

prior to the node being processed N2, assigns BRANCH to 

equal 4, the last node through the loop is the node being 

processed N1, and it assigns the value of 1 to BRANCH. As 

long as STRLEN of both of these nodes is not 0 and BRANCH is 

greater than 0 then BRANCH is decremented by 1. NBL is 

initialized to 0 and then incremented at a numbered command. 

CLINK becomes the NBLth link of the PATH between 2 

intersections, an intersection and a dead-end, and an 

intersection and a cul-de-sac. NBL is incremented until 

CLINK of 0 is found at which point NBL is decremented and 

THREEWAY is called to identify the threeway intersection 

locations and to calculate their extra lengths. 

The number of street lights per street length is 

calculated: 

LIGHTS = INTEGER { [ STRLEN + EXRLEN ] / SPALIT - 0.5 } 
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NRGLIT is incremented by LIGHTS, and STRLIT(N1,N2) is equal 

to LIGHTS. 
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LIGHT determines the street that contains the lights 

and checks the length by adding the spacing between the 

lights. STLENl-2 are initialized to 0 and EXRLEN 

respectively. CLINK is set to the beginning link of the PATH 

being processed starting at N1. If STLEN1 is Less than or 

equal to STLEN2 and LIGHTS is greater than 0, LTLINK(CLINK) 

is incremented by 1, LIGHTS is decremented by 1 and LTCOSL 

is incremented by COST2. STLEN1 is incremented by SPALIT 

until it is greater than STLEN2. The next link on the street 

is processed or the next CLINK is assigned. CHECKLEN is 

called to calculate the length of cul-de-sacs and STLEN2 is 

incremented by SLEN. The loop continues until all the 

intersections and PATHs are processed. 

Finally the total number of street lights are 

calculated along with the costs of light for the 

subdivision. NLIGHT is incremented by NRGLIGHT, 

SLCOST = NLIGHT * COST2 

ASPLIT is called to divide and summarize subdivision costs 

amongst accounts. TTLCOST is incremented by SLCOST and the 

routine then outputs the results before passing control back 

to the RCMAIN. 



5.3.22 HAINCE - A Routine to Calculate the Present and 

Future Values and Annuity Amounts of Subdivision Maintenance 

Costs 

The variables used by MAINCE are: 

* TYPE - subdivision element type number. 

* TPCENT - check figure to ensure that 100% of an 

* NACONT 

* PRCENT 

* METHOD 

* MGRAD 

* GO GRAD 

* MGRATE 

* MINST 

* MLIFE 

* P,A,F 

* MNCOST 

* MNPACC 

element's cost is allocated to accounts. 

- number of the account associated with a 

subdivision element. 

- percentage of each element cost allocated 

to each account. 

- flag to indicate method to be used in 

allocating element costs to accounts. ( If 

METHOD = 1: allocate by amount. If METHOD 

=2: allocate by percentage) 

- maintenance cost gradient factor. 

- is a routine to calculate present,future 

values and annuity amounts. 

- growth rate of the maintenance costs. 

- the maintenance cost interest rate. 

- the element's maintenance service life. 

- present, future, annuity values. 

- present, future, annuity values returned 

from GOGRAD, stored in an array. 

- the amount of a subdivision element's cost 

allocated to an account. 
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* MCAPAF 

* NACCNT 

* ACCNUM 

* ACCONT 

* ELEM 

* AMCOST 

* TIME 

* TMCOST 

* IMCOST 

* MNTFLG 

* MBCOST 

* WMPIPE 

* DSPIPE 

* SSPIPE 

* TPAREA 

* TWK 

- present value and annual present value of 

the maintenance costs. 

- number of accounts. 

- account number. 

- the account name, associated with an 

element. 

- represents elements for each cost account. 

- total maintenance costs by account. 

- the number of times headings are to be 

overtyped on the output page. 

- total maintenance costs for the 

subdivision. 

- the annual maintenance costs of the 

subdivision elements. 

- flag indicating that MAINCE results should 

be written to the output file. 

- the unit cost of the subdivision element. 

- the quantity of watermain pipe in the 

subdivision. 

- the quantity of domestic sewer pipe in the 

subdivision. 

the quantity of storm sewer pipe in the 

subdivision (m). 

- the quantity of pavement in the subdivision 

(m2 ) • 

- the quantity of sidewalk area in the 

subdivision (m2). 
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* TBR 

* TRL 

* TBL 

* APARK 

* ABUFF 

* NBASIN 

* MNHOLE 

* NLIGHT 

* TSIGN 

* NTRAFF 

* TSING 

* TMULT 

- the length of barrier curb and gutter in 

the subdivision em). 

- the length of rolled curb and gutter in the 

subdivision em). 

- the length of boulevard curb and gutter in 

the subdivision em). 

- the quantity of park area in the 

subdivision.CHa.) 

the quantity of buffer area in the 

subdivision. (Ha.) 

- the number of catch-basins in the 

subdivision. 

- the number of manholes in the subdivision. 

- the number of street lights in the 

subdivision. 

- the number of street signs in the 

subdivision. 

- the number of traffic signs in the 

subdivision. 

- the number of single-family dwellings in 

the subdivision. 

- the number of multi-family dwellings in the 

subdivision. 

The MAINCE routine calculates maintenance costs and 

distributes them to the accounts. It also sums the costs by 

subdivision element. 
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First MAINCE determines the method by which costs are 

to be broken out. Each account is associated with, or 

chal'ged a portion of, one or more of the construction 

elerrent costs. MAINCE sums the percentage, PRCENT, of the, 

element cost each account is associated with. If the 

summation, TPCENT, is less than or equal to 1, METHOD=l and 

the percentage method is to be used. If TPCENT is greater 

than 1 the amount method is used. 

Next the present value calculations are done by calling 

the GOGRAD routine and the ARITH(A,P,F) functions. (See page 

291 for an explanation of GOGRAD and page 346 for an 

explanation of the functions and the financial formulas used 

in them.) 

Following the present value calculations the correct 

method is used to accumulate the maintenance costs into the 

accounts. The various costs are multiplied by PRCENT and 

stored in MNPACC. The total per account is calculated and 

stored in AMCOST. The total maintenance cost per subdivision 

is calculated. The results are output by this routine. 
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5.3.23 MANHOLE - A Routine to Calculate Engineering and 

Financial Data for Domestic and storm Xanhole Construction. 

The variables used by MANHOLE are: 

- * MANBED 

* NNODE 

* DSCOSN 

* MNHOLE 

* MHCOST 

* SSCOSN 

* NLINK 

* DSCOSL 

* DSMAN 

* SSCOSL 

* SSMAN 

* CUL 

* NTYPE 

* NODE1,N1 

* NODE2,N2 

* LINK1 

* LENGTH 

* CLINK 

* LLINK 

- height of the bedding beneath the manhole 

em) • 

- number of nodes in subdivision. 

- the cost of domestic manholes per node. 

- total number of manholes required in the 

subdivision. 

- total cost of manholes in subdivision. 

- the cost of storm manholes per node. 

- number of links in subdivision. 

- the cost of domestic manholes per link. 

- the number of domestic manholes per link. 

- the cost of storm manholes per link. 

- the number of storm manholes per link. 

- cul-de-sac node type 2 flag. 

- node type. 

- origin node for the current link. 

- destination node for the current link. 

- the link between type 2 node and other 

nodes. 

- length of the link em). 

- current link. 

- link length em). 
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* HOLE 

* SPAMAN 

* ATTLIN 

* DSELE1 

* DSLINK 

* DSELE2 

* ELEV1 

* ELEV2 

* ANG 

* SSELE1 

* SSELE2 

* SSLINK 

* COST1S 

* RADIUS 

* WROAD 
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- the number of manholes required per link 

per sewer. 

- spacing between catchbasins (m). 

- links associated with the specified node. 

- the domestic sewer elevation at the current 

link at the origin node (m) • 

domestic sewer elevation of a given link 

(m) • 

- the domestic sewer elevation at the current 

link at the destination node (m). 

- the elevation difference at the origin node 

(m) • 

- the elevation difference at the destination 

node (m). 

- the domestic sewer slope angle (rad). 

- the storm sewer elevation at the current 

link at the origin node (m). 

- the storm sewer elevation at the current 

link at the destination node (m). 

- storm sewer elevation of a given link (m). 

- manhole shaft cost ( $/m-depth ). 

- radius of the cul-de-sac/tube (m). 

- width of road of a given link (m). 

The MANHOLE routine calculates the engineering and 

financial characteristics of the domestic and storm sewer 

manholes. The routine first initializes all cost 

accumulators (DSCOSL, SSCOSL, SSMAN, DSMAN) and manhole 



counters (DSCOSN, SSCOSN). It then checks for the existence 

of cul-de-sacs depending on the node types of the CLINK. If 

NODE1 or NODE2 of CLINK is equal to 1 or 2, COLCHK is called 

to identify and calculate the length of the links leading to 

a cul-de-sac. And CLINK becomes LINK1 if COL equals 1, 

otherwise CLINK equals the link being processed. 

Secondly, HOLE, or the number of manholes required per 

link is calculated. 

HOLE = INTEGER ( LENGTH / SPAMAN - 0.5 

If HOLE is less than 1 the link is too short and is not 

assigned a domestic manhole. 

Thirdly, the slope or ANG of the domestic sewer pipe is 

calculated by finding the elevation of the domestic sewer at 

the origin and destination nodes. It identifies which of the 

ATTLIN to the NODE1(CLINK) equal CLINK and sets DSELEl equal 

to DSLINK(NODE1,ATTLIN) for the origin node. The same thing 

is then done for the destination node. Next MANHOLE checks 

to see if DSELE1,2 are both less than 9000.0. If so then 

MNHOLE is incremented by HO~ and DSMAN(CLINK) is assigned 

the value of HOLE. ELEV1,2 is equal to ELEV(NODE1,2) minus 

DSELE1,2. If ELEV1 is less than ELEV2, ANG equals: 

ANG = ARCTAN [ ( ELEV2 - ELEV1 ) / LENGTH ] 

Fourth, the cost of each domestic sewer manhole is 

found by calculating the position of each manhole. The 
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position of each manhole is determined by using the spacing 

between manholes, the number of manholes and the slope of 

the domestic sewer pipe. Each manhole M is then used to 

calc~~ate DSCOSL: 

DPTH = TAN (ANG) * M * SPAMAN + ELEVl + MANBED 

DSCOSL(CLINK) = DSCOSL(CLINK) + COST15 * DPTH 

If ELEVl is less than ELEV2, ANG, DPTH, DSCOSL equal: 

ANG = ARCTAN [ ( ELEVl - ELEV2 ) / LENGTH ] 
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DPTH = TAN (ANG) * ( LENGTH - M * SPAMAN ) + ELEV2 + MANBED 

DSCOSL(CLINK) = DSCOSL(CLINK) + COST15 * DPTH 

The total manhole link costs and subdivision totals are 

summed. DSCOSL is incremented by COST14 and MHCOST by 

DSCOSL. 

Fifth, the storm sewer manhole data is calculated in a 

similar manner as the domestic sewer manholes as described 

above, starting from the paragraph describing the third 

action. 

Sixth, each node is given a manhole and the cost is 

assigned to the node. If NTYPE of the node equals 2, then 

each ATTLIN NODEl or NODE2 is checked to see if both the 

NTYPE equals 1 and RADIUS is not equal to o. If so then CUL 

is set to 1 and processing continues. See the paragraph 

describing the eighth action. 



If the check fails and COL is 0, the lowest domestic 

pipe elevation is found. The DSLINK's of the node being 

processed ATTLIN's are checked to see if they fall between 

9999 and o. If they do DSELE1 equals DSLINK. If DSELE1 is 

less than 9000 MNHOLE is incremented by 1, 

DPTH = ELEV - DSELE1 + MANBED, 

DSCOSN = COST14 + COST15 * DPTH 

and MHCOST is incremented by DSCOSN. 
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If the NTYPE of the node equals 7, the ATTLIN whose 

WROAD is not equal to 0 and is not itself equal to 0 is 

identified as SSe COLCHK is called to identify and calculate 

the length of the links leading to a cul-de-sac. If CUL 

equals 0 DMAKER is called to allocate subdivision elements 

to collector streets or links at major intersections. 

DSCOSL[LINK(1)] is incremented by DSCOSN and DSMAN[LINK(l)] 

is incremented by 1. If CUL is not equal to 0 DSCOSL(LINK1) 

is incremented by DSCOSN and DSMAN(LINK1) is incremented by 

1. If NTYPE does not equal 7, DMAKER is called to allocate 

subdivision elements to collector streets or links at major 

intersections. DSCOSL[LINK(l)] is incremented by DSCOSN and 

DSMAN[LINK(l)] is incremented by 1. 

Seventh, the storm sewer manholes are checked in 

exactly the same manner as the domestic sewer manholes were. 

See the paragraphs describing the sixth actions. 



Eighth, the costs calculated are transferred to the 

appropriate accounts for cost allocation by ASPLIT. The 

manholes and their costs are output according to the links 

and nodes they are associated with. Control is then returned 

to the calling program. 
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5.3.24 OHINIT - A Routine to Calculate the Total 

Subdivision Element Costs 

The variables used byOMINIT are: 

* IMCOST 

* IOCOST 

* MBCOST 

* WMPIPE 

* DSPIPE 

* SSPIPE 

* TPAREA 

* TWK 

* TBR 

* TRL 

* TBL 

* APARK 

- the annual maintenance costs of the 

subdivision elements. 

- the annual operation costs of the 

subdivision elements. 

- the unit cost of the Subdivision element. 

- the length of watermain pipe in the 

subdivision (m). 

- the length of domestic sewer pipe in the 

subdivision (m). 

- the length of storm sewer pipe in the 

subdivision (m). 

- the area of pavement in the subdivision 

(m2 ) • 

- the length of sidewalk area in the 

subdivision (m). 

- the length of barrier curb and gutter in 

the subdivision em). 

- the length of rolled curb and gutter in the 

subdivision (m). 

- the length of boulevard curb and gutter in 

the sUbdivision (m). 

- the park area in the subdivision (Ha.). 
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* ABUFF 

* NBASIN 

* HmIOLE 

* N1...IGHT 

* TSIGN 

* NTRAFF 

* TSING 

* TMULT 

- the buffer area in the subdivision (Ha.). 

- the number of catch-basins in the 

subdivision. 

- the number of manholes in the subdivision .. 

- the number of street lights in the 

subdivision. 

- the number of street signs in the 

subdivision. 

- the number of traffic signs in the 

subdivision. 

- the number of single family dwellings in 

the subdivision. 

- the number of multi family dwellings in tr 

subdivision. 

The IMCOST and IOCOST arrays are filled the results of 

multiplying MBCOST and OBCOST by the other variables listed 

above (eg. WMPIPE * MBCOST(l)=IMCOST). 
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5.3.25 OPERAT - A Routine to Calculate the Present and 

Future values and Annuity Amounts of Subdivision operational 

Costs 

The variables used by OPERAT are: 

* TYPE - subdivision element type number. 

* TPCENT - check figure to ensure that 100% of an 

* NACONT 

* PRCENT 

* METHOD 

* OGRAD 

* GOGRAD 

* OGRATE 

* OINST 

* OLIFE 

* P,A,F 

* OPCOST 

* OPPACC 

* OCAPAF 

element's cost is allocated to accounts. 

- number of account number associated with a 

subdivision element. 

- percentage of each element cost allocated 

to each account. 

- flag to indicate method to be used in 

allocating element costs to accounts. 

- the operational costs that will escalate 

the operational costs every year. 

- is a routine to calculate present,future 

values and annuity amounts. 

- growth rate of the operational costs. 

- the operational cost interest rate. 

- the element's operational service life. 

- present, future, annuity valUes. 

- present, future, annuity values returned 

from GOGRAD, stored in an array. 

the amount of a subdivision element's cost 

allocated to an account. 

- present value and annual present value 

of the operational costs. 
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* NACCNT 

* ACCNUM 

* ACCONT 

* ELEM 

* AOCOST 

* TIME 

* TOCOST 

* IOCOST 

* OPRFLG 

* OBCOST 

* WMPIPE 

* DSPIPE 

* SSPIPE 

* TPAREA 

* TWX 

* TBR 

- the number of accounts. 

- account number. 

- the account name, associated with an 

element. 

- represents elements for each cost account. 

- total operational costs by account. 

- the number of times headings are to be 

overtyped on the output page. 

- total operational costs for the 

subdivision. 
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- the annual operational costs of the 

subdivision elements. 

- flag indicating that OPERAT results should 

be written to the output file. 

- the unit cost of the subdivision element. 

- the quantity of watermain pipe in the 

subdivision (m). 

the quantity of domestic sewer pipe in the 

subdivision (m). 

- the quantity of storm sewer pipe in the 

subdivision (m). 

- the quantity of pavement in the subdivision 

(m2 ) • 

- the quantity of sidewalk area in the 

subdivision (m2). 

- the length of barrier curb and gutter in 

the subdivision (m). 



* TRL 

* TBL 

* APARK 

* ABUFF 

* NBASIN 

* MNHOLE 

* NLIGHT 

* TSIGN 

* NTRAFF 

* TSING 

* TMULT 
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the length of rolled curb and gutter in the 

subdivision (m). 

- the length of boulevard curb and gutter in 

the subdivision Cm). 

- the quantity of park area in the 

subdivision CHa.) 

the quantity of buffer area in the 

subdivision. (Ha.) 

- the number of catch-basins in the 

subdivision. 

- the number of manholes in the subdivision. 

- the number of street lights in the 

subdivision. 

- the number of stree.t signs in the 

subdivision. 

- the number of traffic signs in the 

subdivision. 

- the number of single family dwellings in 

the subdivision. 

- the number of multi family dwellings in the 

subdivision. 

The OPERAT routine calculates operational costs and 

distributes them to the accounts. The routine also sums the 

costs by subdivision element. 

First OPERAT determines the method by which costs are 

to be broken out. Each account is associated with, or 



charged a portion of, one or more of the construction 

element costs. OPERAT sums the percentage, PRCENT, of the 

ele~ent cost each account is associated with. If the 

su~ation, TPCENT, is less than or equal to 1, METHOD=l- and 

the percentage method is to be used. If TPCENT is greater 

than 1, the amount method is used. 

Next present value calculations are done by calling 

GOGRAD and the ARITH(A,P,F) functions. (See page 291 for an 

explanation of GOGRAD and page 346 for an explanation of the 

functions and the financial formulas used in them.). 

Following the present value calculations the correct method 

is used to accumulate the operational costs into the 

accounts. The various costs are multiplied by PRCENT and 

stored in OPPACC. The total per account is calculated and 

stored in AOCOST. The total operational cost per subdivision 

is calculated. The results are output by this routine. 
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5.3.26 OUTDATl - A Routine to Output the unit Cost Data for 

the service Blements. 

The variables used by OUTDATl are: 

* COSTl - street sign unit cost ($/sign). 

* COST2 - street light cost ($/light). 

* COST3 - park development ($/hectare). 

* COST4 - buffer development ($/hectare). 

* COSTS - collector street costs ($/m2). 

* COST6 - local street costs ($/m2). 

* COST7 - cost of sidewalk ($/m2). 

* COSTS-lO - unit cost of barrier, rolled, boulevard 

curb and gutter ($/m). 

* COSTll-l3 - watermain, domestic and storm sewer costs 

* COSTl4 

* COSTl5 

* COSTl6 

* COSTl7 

* COSTl8 

* COSTl9 

* COST20 

* COST2l 

* COST22 

($/m). 

- manhole - base, cover, riser, frame 

($/manhole). 

- manhole shaft cost ( $/m-depth ). 

- catchbasin - base, cover, riser, frame 

($/catchbasin). 

- catchbasin shaft ( $/m-depth). 

- catchbasin lead costs ($/m). 

- single-family unit power costs ($/unit). 

- multi-family unit power costs ($/unit). 

- single-family unit gas costs ($/unit). 

- multi-family unit gas costs ($/unit). 
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* COST23 

* COST24 

* COST25 

* COST26 

* COST27 

* COST28 

* COST29 

* COST30 

* COST31 

* COST32 

* COST33 

- single-family unit phone costs ($/unit). 

- multi-family unit phone costs ($/unit). 

- street sweeping costs ($/km/yr). 

- winter road costs ($/km/yr). 

- asphalt maintenance ($/km/yr). 

- concrete maintenance ($/km/yr). 

- sewer maintenance ($/km/yr). 

- water distribution costs ($/km/yr). 

- solid waste collection ($/hectare/yr). 

- street light maintenance ($/light/yr). 

- park and buffer maintenance ($/hectare/yr). 

The OUTDATl routine outputs all of the service element 

unit cost data with labels. 

209 



5.3.27 OUTDAT2- A Routine to Output the Node and Link 

Design Data 

The variables used by Ot~DAT2 are: 

* NNODE - total number of nodes. 

* NTYPE 

* ELEV 

* NLINK 

* NODE1 

* NODE2 

* LLINK 

* UNITS 

* MULTI 

* LROAD 

* WROAD 

* TROAD 

* WWALK 

* BARIER 

* ROLLED 

* BLVD 

* WUNIT1 

- type of node. 

- ground elevation of the node (m). 

- total number of links. 

- origin node of the link. 

- destination node of the link. 

- link length (m). 

- number of single family units per link. 

- number of multi family units per link. 

- length of road on a given link (m). 

- width of road of a given link em). 

- type of road/street. 

- sidewalk width em). 

- barrier curb/gutter length per link em). 

- rolled curb/gutter length per link em). 

- blvd. curb/gutter length per link (m). 

- the output device number code. 

The OUTDAT2 routine outputs the subdivision design data 

referred to above. The data is written to the device 

specified by WUNIT1. 
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5.3.28 PARKBUFP - A Routine to Calculate Park and Buffer 

Costs 

The variables used by PARKBUFF are: 

* PCOST - total cost of park development. 

* BCOST 

* TLCOST 

- total cost of buffer development. 

- total subdivision cost. 
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PARKBUFF determines the development costs of the park 

and buffer areas. PCOST and BCOST are calculated by 

multiplying the corresponding areas by their respective unit 

costs. ASPLIT is called to categorize these costs according 

to their account numbers. TLCOST is updated by adding PCOST 

and BCOST. The results are output to the device specified by 

WUNIT. 



5.3.29 PAVEMENT - A Routine to Calculate the Area of 

Pavement and Allocate the Area Costs to the Appropriate 

Links 

The variables used by PAVEMENT are: 

* TAREA 

* PI 

* TLEN 

* LOCLEN 

* COLLEN 

* ACOL 

* ALOC 

* NLINK 

* CNODE 

* NODE1 

* NTYPE 

* WD 

* I 

* CORWD 

* NODE2 

* WROAD 

* RADIUS 

* PNODE 

* ASAC 

- total area of the pavement (m2 ) 

- arc cosine of -1.0 (rad). 

- total length of the pavement (m). 

- total local street pavement length (m). 

- total collector street pavement length (m). 

- total collector street pavement area (m2 ). 

- total local street pavement area (m2). 

number of links in subdivision. 

- current node. 

- origin node for the current link. 

- node type. 

- road width (from ADJ routine) (m). 

- current link (for ADJ routine). 

- road width of a given link (m). 

- destination node for the current link. 

- width of road of a given link (m). 

- radius of the cul-de-sac/tube (m). 

previous node in memory. 

area of the road (from COR/SAC/TUBE 

routines) (m2). 
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* LEN 

* ALINK 

* LROAD 

* RDPINT 

* LLINK 

* TV 

* BULB 

* EXTRA 

* AINTS 

* CURVE 

* LINK 

* RCURB 

* DIRECT 

* ACOL 

* COLLEN 

* PVCOST 

* LOCLEN 

* COST6 

* COSTS 

* CSCOST 

* LSCOST 

- road length (from COR/SAC/TUBE routines) 

(m) • 

- area of the road on a link (m2). 

- calculated length of road on link (m). 

- road length per link (m). 

- link length (m). 

- length of a link less the width of half the 

intersections at the ends of the road (m). 

- the number of bulb curves. 

- the length of the link within the bulb 

curve (m). 

- area of the intersection (m2). 

- the area in front of the sidewalk curb 

(m2 ) • 

- the link to which elements are charged to 

(returned from DMAKER). 

- radius of the corner curb (m). 

- indicates the origin/destination node for a 

given link. 

- total collector street pavement area (m2). 

- total collector street pavement length (m). 

- cost of the pavement area per link ($/m2). 

- total local street pavement length (m). 

- local street costs ($/m2). 

- collector street costs ($/m2). 

- total collector street pavement cost. 

- total local street pavement cost. 
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* TLCOST - total subdivision pavement cost. 

The PAVEMENT routine calculates the pavement areas and 

costs for the local, collector, bulb curve and 

intersections, and allocates the area to the local and 

collector streets. It also calculates the cost and area per 

link. 

First PAVEMENT determines the width of the various 

links by calling ADJ to determine the links attached to 

NODE1 and NODE2, and the width of the corresponding road. 

The CORWD of the link being processed is assigned the value 

of WD returned from ADJ only if the NTYPE of the road is a 3 

or 4. If the NTYPE check fails then CORWD equals zero 

signifyi~g an easement. 

Second, PAVEMENT checks each link's WROAD to determine 

if they are 0, if so PAVEMENT skips to the paragraph 

describing PAVEMENT's sixth action. 

If the NTYPE of the NODE1 of the link is 1, CNODE 

becomes the destination node and PNODE the origin NODE. If 

NTYPE of NODE2 is 1, PNODE becomes the destination node and 

CNODE the origin NODE1. Next PAVEMENT checks if CNODE has an 

NTYPE of 2. If not this indicates a tube sac and PAVEMENT 

checks for a one by checking RADIUS(PNODE), if RADIUS(PNODE) 

is not equal to 0 TUBE is called and ALINK is given the 

value of ASAC, LROAD the value of LEN and RDPINT the value 

of LROAD. If RADIUS(PNODE) is equal to 0: 
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TV = LLINK(I) - [CORWD(I,l) + CORWD(I,2)] / 2 

LROAD is assigned the value of TV, ALINK equals TV * WROAD 

anj RDPINT equals LROAD. If the check for the tube sac 

initially fails and the NTYPE(CNODE) is 2, PAVEMENT checks 

the RADIUS(PNODE). If it is not equal to 0 a cul-de-sac is 

present and SAC is called. ALINK is assigned the value of 

ASAC, LROAD equals LEN, and RDPINT equals LROAD. If 

RADIUS (PNODE) is equal to 0, indicating no cul-de-sac, ALINK 

equals LLINK * WROAD, LRbAD equals LLINK, and RDPINT equals 

LROAD. 

Third, the straight road and bulb curve areas are 

calculated. The bulb curves are first identified by checking 

if the NTYPE's of NODE1,NODE2 both equal 2 and RADIUS(NODE1) 

does not equal o. CNODE equals NODEl and BULB equals 1. 

If the NTYPE's of NODE1,NODE2 both equal 2 and 

RADIUS (NODE2) does not equal 0 then CNODE equals NODE2 and 

BULB is incremented by 1.COR is called for the area 

calculation. 

If the NTYPE's of NODE1,NODE2 both equal 2 and BULB 

does not equal 0 then COR is called to calculate the 

pavement area for the bulb curves. ALINK is assigned the 

value of ASAC, LROAD equals LEN, RDPINT equals LROAD. If 

BULB equals 0, indicating no bulb curves, ALINK equals LLINK 

* WROAD, LROAD equals LLINK, and RDPINT equals LROAD. 
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Fourth intersection areas are calculated. If the NTYPE 

of NODE1 is 2, PNODE becomes the NODE1 the origin node and 

CNODE the destination NODE2. If the NTYPE(CNODE} equals 3 or 

4, and RADIUS{PNODE} is not equal to 0, BULB equals 1 and 

COR is called to calculate the pavement area for straight 

roads streets and bulb curves. EXTRA, ALINK, LROAD are 

calculated: 

EXTRA = [CORWD(I,l} + CORWD(I,2}] / 2.0 

ALINK = ASAC - WROAD(I} * EXTRA 

LROAD = LEN - EXTRA 

and RDPINT equals LROAD. 

If RADIUS(PNODE} is equal to 0, LROAD is assigned the 

value of TV, ALINK equals TV * WROAD and RDPINT equals 

LROAD. 

TV = LLINK(I} - [CORWD(I,l} + CORWD(I,2}] / 2 

Fifth, PAVEMENT checks if the NTYPE of NODE1 and NODE2 

equal 3 or 4, indicating an intersection crossing an 

intersection. If so: 

LROAD = LLINK - [CORWD(I,l} + CORWD(I,2}] / 2.0 

ALINK = LROAD * WROAD and RDPINT equals LROAD. 

Sixth, PAVEMENT calculates CURVE: 

CURVE = RCURB2 * ( 1.0 - 0.25 * PI ). 
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The intersection area is calculated and is split 

amongst the collector streets by calling DMAKER. If the 

NTYPE of each node is 3 the variable A equals 2 otherwise A 

is equal to 4. DMAKER is called to allocate the pavement 

area to collector streets at major intersections. If the 

node being processed is an exit node, then: 

CLINK = LINK(l) returned from DMAKER 

N = the node being processed. 

AINTS = [WROAD(CLINK)2]/2.0 + 2.0*CURVE 

ALINK (CLINK) is incremented by AINTS(N), and RDPINT is 

. incremented by O.S*CORWD(CLINK,DIRECT). 

If there is no exit node, PAVEMENT checks if 

NODE1(CLINK) equals N and DIRECT equals 1: if it does not 

equal N, DIRECT equals 2. AINTS equals: 

AINTS(N) = WROAD(CLINK)*CORWD(CLINK,DIRECT) + A*CURVE 

ALINK(LINK1,2) is incremented by AINTS(N)/2.0 and RDPINT is 

incremented by O.S*CORWD(CLINK,DIRECT). 

The areas and costs are summed by link and then by 

collector and local streets and by subdivision. If TROAD 

equals 1 ACOL is incremented by ALINK, COLLEN by LROAD, and: 

PVCOST = ALINK*COSTS 
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If TROAD does not equals 1 ALOC is incremented by ALINK, 

LOCLEN by LROAD, and: 

PVCOST = ALINK*COST6 

The routine outputs the pavement lengths areas and 

costs. 

TAREA = ALOC + ACOL 

TLEN = COLLEN = LOCLEN 

CSCOST = ACOL * COSTS 

LSCOST = ALOC * COST6 

TLCOST = TLCOST + CSCOST + LSCOST 

Control is then passed back to the calling routine. 
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5.3.30 SIDEWALK - A Routine to Calculate Sidewalk Area and 

Cost for the Subdivision 

The variables used by SIDEWALK are: 

-to WIDTH 

* TWK 

* TBR 

* TRL 

* TBL 

* SRCOST 

* WWALK 

* AS,IDE 

* LWALK 

* TROAD 

* BARIER 

* ROLLED 

* BLVD 

* COST7-10 

* WKCOSL 

* BRCOSL 

* RLCOSL 

* BLCOSL 

* TLCOST 

- minimum sidewalk width (m). 

- total sidewalk area(m2). 

- total barrier curb and gutter length (m). 

- total ~olled curb and gutter length (m). 

- total boulevard curb and gutter length (m). 

- total sidewalk cost per link. (barrier, 

rolled, boulevard) 

- sidewalk width (m). 

- sidewalk area (m2). 

- sidewalk length (m). 

- type of road or street. 

- barrier curb/gutter length per link (m). 

- rolled curb/gutter length per link (m). 

- blvd. curb/gutter length per link (m). 

- unit cost of sidewalk, barrier, rolled, 

boulevard curb and gutter. 

- link cost of sidewalk. 

- link cost of barrier curb and gutter. 

- link cost of rolled curb and gutter. 

- link cost of boulevard curb and gutter. 

- total cost of sidewalk (including curb and 

gutter) for subdivision. 
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* WKCOST 

* BRCOST 

* RLCOST 

* BLCOST 

- sidewalk element cost per subdivision. 

- barrier curb and gutter element cost per 

subdivision. 

- rolled curb and gutter element cost per 

subdivision. 

- boulevard curb and gutter element cost per 

subdivision. 
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The SIDEWALK routine calculates the link and 

subdivision cost of the construction of the sidewalk and 

curbs and gutters. 

The routine first checks whether the link has a 

sidewalk, by checking if WWALK equals 0, if affirmative 

calculates the sidewalk area by multiplying LWALK of the 

link by WIDTH(TROAD) of the link. If WWALK does not equal 0 

then ASIDE equals WWALK * LWALK. 

Second, the areas and widths of the curbs, gutters and 

sidewalk are summed for the subdivision (TWK,TBR,TRL,TBL). 

The link costs are calculated for the elements and in 

total for the link. Then the elemental costs are summed. The 

elemental costs are allocated to the various accounts by 

calling ASPLIT. The total subdivlsion cost is calculated and 

the elemental costs and areas are output. 



5.3.31 SIGN - A Routine to Determine the Street and Traffic 

Sign Requirements for the Links and Nodes 

The variables used by SIGN are: 

* NSTR 

* TYELD 

* TSTOP 

* YCOST 

* SCOST 

* NYELD 

* NNODE 

* NSIGN 

* SGCOST 

* LINK 

* NCOL 

* NLOC 

* CLINK 

* ATTLIN 

* WROAD 

* TROAD 

* LYELD 

* YDCOST 

* COST! 

* LSTOP 

* STCOST 

- number of street signs in subdivision. 

- number of yield signs in subdivision. 

- number of stop signs in subdivision. 

- cost of yield signs in subdivision. 

- cost of stop signs in subdivision. 

- number of yield signs per node. 

- number of nodes in subdivision. 

- number of street signs per node. 

- cost of street signs per link. 

- stores the collector/major local link 

(returned from DMAKER). 

- number of collector streets. 

- number of local street. 

- current link. 

- links associated with the specified node. 

width of road of a given link (m). 

- type of road/street. 

number of yield signs per link. 

- yield sign cost per link. 

- street sign unit cost. 

- number of stop signs per link. 

- stop sign cost per link. 
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* TFCOST 

* NTRAFF 

* SNCOST 

total traffic sign cost for subdivision. 

- number of traffic signs in subdivision. 

- street sign cost for subdivision. 

The SIGN routine calculates the number and cost of 

street and traffic signs in the subdivision. The routine 

allocates one street sign per intersection. At threeway 

intersections local streets crossing collectors require a 

yield sign, collectors crossing collectors require a stop 

sign. At fourway intersections, local streets crossing 

collectors require 2 yield signs, collectors crossing 

collectors require 2 stop signs. 

If the NTYPE of the node is 3 or 4, NSTR is incremented 

by 1. DMAKER is called to identify the major LINK. 

NSIGN(LINK) is incremented by 1, SGCOST(LINK) is incremented 

by COST1. 

Secondly the ATTLIN of the node being processed are 

checked to see if they are equal to 0 and WROAD is o. If it 

is, processing continues,if not TROAD of the ATTLIN being 

processed is checked to see if it is equal to 1. If so NCOL 

is incremented by 1, otherwise NLOC is incremented by 1. 

Third, if NCOL is greater than or equal to 2 local 

streets crossing collectors are processed. If NCOL is less 

than 2 SIGN commences its sixth process. If NCOL equals 2 

and NLOC is less than 2, then NYELD equals NTYPE minus 2, 
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and DMAKER2 is called to assign subdivision elements to the 

local street LINK. LYELD(LINK) is incremented by 1, YDCOST 

ar. d YCOST are incremented by COST1. 

Fourth, if NCOL is greater than or equal to 3 and NLOC 

equals 0, collector streets crossing collector streets are 

being processed. NSTOP equals NTYPE minus 2 of the node 

being processed and DMAKER2 is called. LSTOP(LINK) is 

incremented by 1, STCOST and SCOST are incremented by COST1. 

Fifth, if NCOL equals 3 and NLOC is not 0, then NSTOP 

equals 2. DMAKER2 is called and each stop sign is allocated 

to LINK(l) and LINK(2) as identified by DMAKER2. 

LSTOP(LINK)is incremented by 1, STCOST and SCOST are 

incremented by COST1. 

Sixth, if NCOL + NLOC is greater than or equal to 3 and 

NCOL does not equal 0, collector streets at uneven crossings 

are being processed. NYELD equals NTYPE minus 2 of the node 

being processed and DMAKER2 is called. LYELD(LINK) is 

incremented by 1, YDCOST and YCOST are incremented by COST1. 

Seventh, the total number of traffic signs required are 

calculated by summing the NYELD, NSTOP by node. 

TFCOST = YCOST + SCOST 

NTRAFF = TYELD + TSTOP 

SNCOST = NSTR * COST1 
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Eighth, ASPLIT is called to allocate the street and 

traffic signs costs to the appropriate accounts. The sign 

costs and amounts are output and control is returned to the 

main routine. 
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5.3.32 STORK - A Routine to Design the Storm Sewer System 

and Find the Associated Costs 

The variables used by STORM are: 

* SSOPTH 

* SSCOST 

* TSAREA 

* SSLOPE 

* SSELEV 

* AS 

* QSS 

* 0 

* 03 

* OlASS 

* lNOX3 

* DlNOX3 

- minimum depth of storm sewer (m). 

- total cost of storm sewer. 

- total drainage area of each destination 

link (including upstream area) (Ha.) 

- slope of storm sewer from origin node to 

destination node. 

- elevation of storm sewer pipe (m). 

- total drainage area of each link (Ha). 

- total generated storm sewer flow (m3/s). 

calculated pipe diameter (m). 

- required diameter of storm sewer (m). 

- diameter of storm sewer (m). 

- diameter index for storm sewer (1-14). 

- depth index for storm sewer (1-9). 

STORM designs the storm sewer system and estimates the 

associated costs. For each link, the routine estimates the 

generated storm sewer flow, calculates the slope and the 

pipe size required to carry the estimated sewer flow, 

selects a standard sized storm sewer pipe based on the 

calculated diameter, verifies the maximum and minimum 

allowable water velocities, adjusts the pipe slope and/or 

pipe size to meet the tolerances set by the maximum and 
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minimum allowable water velocities, and calculates the 

average depth of ground cover over the storm sewer. 
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First, STORM outputs the minimum and maximum acceptable 

water velocities, the minimum depth of ground over the sewer 

pipe and a header describing the output data. Then a loop 

indexes each group of storm sewer tributary data. A second 

loop indexes each feed link in the tributary data group. A 

third loop is used to compare the receptor links of other 

tributary data groups to the indexed link. If a match is 

found, TOLINK is set to one. Third, the expected storm sewer 

flow is calculated using a standard engineering formula 

obtained from the City of Regina Public Works and 

Engineering Department. 

Third the area contributing to the storm sewer flow for 

the indexed link is calculated by summing the area for the 

indexed link and the total upstream area. (The upstream area 

was combined with the original initial area values for the 

link ASS: Remember, the initial area values represent the 

potential contributing storm runoff area that the link must 

convey support.) The total area for the link is added to 

TSAREA, which will eventually contain the total area of all 

the feed links contributing flow to the 'from' links of the 

indexed tributary data group. The expected storm sewer flow 

is calculated next using formulas derived from data obtained 

from the City of Regina. The existing slope of the pipe is 

calculated and used in Manning's formula to calculate the 



pipe diameter. This diameter is rounded up to the nearest 

standard pipe size using a series of IF-THEN statements. 

Next, OMSTC calls OIAMTR to determine whether the 

calculated slope and the chosen pipe size meet the maximum 

and minimum water velocity limits. If OIAMTR is unable to 

adjust the slope with the chosen pipe size so that the water 

velocity falls within the defined tolerances the next 

largest pipe diameter is selected. The minimum trenching 

depth is determined by sUmming the minimum depth of ground 

cover, and the pipe diameter and adding 0.1 meters. The 

trenching elevation of each end of the pipe is found by 

subtracting the minimum trenching depth from the 'from' node 

and using the link length and the slope to calculate the 

elevation at the 'to' node. The routine ensures that the 

'from' node of the next 'to' link has the lowest elevation 

possible if more than one 'from' link contributes flow to 

the 'to' link. 

The cost of installing the storm sewer pipe is 

calculated by multiplying the link length by the unit cost. 

The unit cost is a function of the diameter index-INO*3 and 

the depth Index -OINO*3. The cost of the entire storm sewer 

system is a summation of the storm sewer costs for each 

link. The diameter is converted from meters to millimeters 

and the link I.O., feed area, flow, ground slope, diameter, 

fluid velocity, pipe slope, depths of pipe ends, average 

depth and depth index, are output to the specified device. 
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The excavation depth is saved, with a call to SSDPTH. Upon 

completion of the second loop all upstream areas for the 

most recent tributary group are added to the initial 

conditions of the receptor link. The first loop continues 

until all the groups have been analyzed. 

Finally, ASPLIT is called to assign the storm sewer 

system costs to the appropriate account. Control then return 

to the calling program. 
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5.3.33 UTILITY - A Routine to Calculate Utility Costs 

The variables used by UTILITY are: 

* TMULTI 

* TSNGLE 

* TMCOST 

* TSCOST 

* PWSING 

* GSSING 

* PHSING 

* PWMULT 

* GSMULT 

* PHMULT 

* UTCOST 

* TLCOST 

- total number of multi family units. 

- total number of single family units. 

- total cost of utilities for multi-family 

units. 

- total cost of utilities for single family 

units. 

- single family power costs per link. 

- single family gas costs per link. 

- single family telephone costs per link. 

- multi-family power costs per link. 

- mutli-family gas costs per link. 

- multi-family phone costs per link. 

- total utility cost per link. 

- total subdivision cost. 
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UTILITY calculates the telephone, gas and power costs 

for all multi- and single-family units in the subdivision. A 

loop indexes each link. Then, TMULTI and TSNGLE are 

calculated by summing the number of multi- and single-family 

units, respectively, on each link. PSWING, GSSING, PHSING, 

PWMULT, GSMULT, and PHMULT are calculated for each link by 

multiplying the corresponding number of single- or multi

family units by the respective unit cost (COST19 to COST24). 

UTCOST for each link is determined by summing PSWING, 



GSSING, PHSING, PWMULT, GSMULT and PHMULT. Upon completion 

of the loop, TMCOST and TSCOST are calculated by multiplying 

the total number of single and multi-family units by their 

respective units costs. TLCOST is updated by adding TMCOST 

and TSCOST. The results are then output to the device 

specified by WUNITL. 
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5.3.34 WATER - A Routine to Design the watermain System and 

Estimate the Associated Costs 

Th~ variables used by WATER are: 

* USE 

* FLOAD 

* CMMCMS 

* WMCOST 

* TPOP 

* PI 

* QDMSTC 

* QFlRE 

* QWM 

* Dl 

* DIAWM 

* CWM 

* INDX1 

- expected domestic water use per person 

(mJ/pERSON/DAY) • 

- safety factor for water requirements to 

account for excessive system demands during 

fire fighting and peak draw periods. 

- conversion factor from cubic meters per 

minute (CMM) to cubic meters per second 

(CMS) . 

- total watermain cost. 

- total population feeding each destination 

link. 

- total population feeding each link. 

- domestic water flow requirement (mJ/min.) 

- flow requirement for fire fighting purposes 

(mJ Imin.) 

- total water flow requirement for the 

watermain. 

diameter of current pipe (m). 

diameter of current pipe (mm). 

- per unit cost of watermain in each link. 

- diameter index for watermain (1-6). 



WATER designs the watermain system and estimates for 

associates costs. 

First, WATER send a header describing the output data 

to the device specified by WUNIT. Second, a loop indexes 

each group of watermain tributary data. A second loop 

indexes each feed link in the tributary data group. 
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The number of people consuming water from the indexed 

link is determined by summing the number of single- and 

multi- family house dwellers on the link and the total 

number of people upstream (the number of upstream consumers 

is combined with the original initial population values for 

the link in P: Remember, the initial population values 

represent the potential number of people on a link who do· 

not live on the link but will consume water while shopping 

or attending school, etc.) The total number of water 

consumers for the link is added to TPOP, which will 

eventually contain the total number of people consuming 

water for a particular group of tributary data. TPOP is 

purged prior to analyzing a new tributary data group. The 

domestic and fire fighting water requirements are calculated 

using formulas obtained from Hicks1 • 

The summation of QDMSTC and QFIRE is used to calculate 

the required pipe diameter. The link population, flow and 

diameter are then output to the specified device. The 

calculated pipe diameter is rounded up to the nearest 

standard pipe size using a series of IF-THEN statements. The 



cost of installing the watermain for the indexed link is 

calculated by multiplying the link length by the unit cost. 

The unit cost is a function of the diameter index (INOX1). 

The cost of the entire watermain system is a summation of 

the watermain costs per each link. The loop returns to the 

next element in the group. When all group elements have been 

analyzed, TPOP is added to the initial population of the 

destination link so that the upstream population will be 

incorporated in the downstream links. When all tributary 

groups have been indexed, ASPLIT is called to assign the 

watermain costs to the appropriate account. control then 

returns to the calling routine. 

QO = [(Use) (POP)F]/{24 * 60) 

QF = 
Where: 

QO 

QF 

Use 

F 

Pop 

= 
= 
= 
= 
= 

1020*0.003785[{POP/1000) {1-0.01{POP/1000)1/2)]1/2 

domestic flow requirement. 

fire flow requirement. 

expected domestic water use 

safety factor 

population 

The above equations are taken from: 

~Standard Handbook of Engineering Calculations, New 

York, 1972, by Tyler Hicks. 
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5.4 SUBROUTINES CALLED BY OTHER SUBROUTINES 

5.4.1 ACCOUT - A Routine to Calculate construction Costs. 

The variables used in ACCOUT are: 

* TIME 

* NACONT 

* TYPE 

* INTRST 

* LIFE 

* SDCOST 

* ACCONT 

* AWORTH 

* TYCOST 

* TANNUL 

- number of times to overprint headings. 

- number of account number associated with a 

subdivision element. 

- subdivision element type number. 

- interest rate in percentage. 

- the life of the construction element. 

- the capital amount to be adjusted by the 

present value factor and the rate. 

the account name, associated with an 

element. 

- the annual expenditure to be discounted 

back to present values. 

- present cost sorted by element and account. 

- present annual cost sorted by element and 

account. 

ACCOUT calculates several construction cost values and 

outputs them with the construction cost breakdown. ACCOUNT 

is the calling program for this routine. 

First, ACCOUT calculates the annual worth, AWORTH, the 

future worth, FWORTH, and the total annual cost, TANNUL, of 

each subdivision element by account number in a loop. AWORTH 

and FWORTH are calculated by passing the arguments INTRST, 
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LIFE and SDCOST to the functions UNFORM and UNFORM2 

rEspectively. These functions perform the desired 

c~lculations and return the annual worth of construction 

costs in the case of UNFORM and the future worth of 

construction costs in the case of UNFORM2. (See page 348, on 

UNFORM and UNFORM2 for details of calculations.) TANNUL is 

calculated by summing the AWORTH values for all the account 

numbers for each elemenb. 

Secondly, ACCOUT outputs the account number, ACCONT, 

present construction cost, TYCOST, and the total annual 

cost, AWORTH, for each subdivision element by account 

number. This output is done using the same loop in which the 

above output calculations are done. 

Thirdly, ACCOUT outputs a total for present 

construction costs, TYCOST, and a total for annual 

construction costs, TANNUL. This output is overtyped to 

highlight it, the number of overstrikes being determined by 

TIME. Control is then returned to the calling program. 
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5.4.2 ACCOOTl - A Routine to output a section of the 

Maintenance cost Breakdown 

Variables used by ACCOUTl are: 

* NACONT - number of account number associated with a 

subdivision element. 

* TYPE - the subdivision element type number. 

* ACCONT - name of the account associated with a 

subdivision element. 

* MCAPAF - present and annual maintenance costs. 

* J,K - loop index variables 

ACCOUTl outputs maintenance cost values with the 

maintenance cost breakdown. ACCOUNTl is the calling program 

for ACCOUT1. 

ACCOUTl uses a loop to output the account number, 

ACCONT, the present maintenance cost, MCAPAF(TYPE,J,l), and 

the annual maintenance cost, MCAPAF(TYPE,J,2). The two cost 

outputs are within an implied do-loop. 
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5.4.3 ACCOUT2 - A Routine to output a section of the 

Operation costs Breakdown 

Variables used by ACCOUT2 are: 

* NACONT - number of account numbers associated with a 

* TYPE 

* ACCONT 

* OCAPAF 

subdivision element. 

- subdivision element type number. 

- account number associated with a 

subdivision element. 

- present and annual operation costs. 

ACCOUT2 outputs operation cost values with the 

operation cost breakdown. ACCOUNT2 is the calling program 

for ACCOUT2. 

ACCOUT2 uses a loop to output the account number, 

ACCONT, the present operation cost, OCAPAF(TYPE,J,l), and 

the annual maintenance cost, OCAPAF{TYPE J,2). The two cost 

outputs are within an implied do-loop. 
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5.4.4 ADJ - A Routine to Determine the Links Attached to 

Each Node and the width of the corresponding Road 

The variables used by AOJ are: 

* ATTLIN - links associated with the current node. 

* NLINK 

* NODEl 

* NODE2 

* CNODE 

* NL 

* CLINK 

* EXIT 

* CWD 

* WROAD 

- number of links. 

- origin node for the current link. 

- destination node for the current link. 

- current node in memory. 

- number of links attached to current node. 

- current link in memory. 

- a flag indicating the exit node. 

- width of corresponding road. 

- width of road of a given link (m). 

The AOJ routine calculates the number of links attached 

to each node. Each link is checked to determine the nodes 

attached to it. If the node attached to a link corresponds 

to the node currently being checked, then ATTLIN stores the 

node and link numbers. 

When AOJ is called by PAVEMENT, then it determines the 

width of the link that is being crossed, by the link being 

passed. The width of the road, WROAD, of all the attached 

links, ATTLIN, at the current node, CNODE, is compared to 

the WROAD of the CLINK. If the WROAD of the ATTLIN is the 

same as that of the CLINK, CWD = WROAD. If WROAD is 
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different, then CWO = WROAO of the link with a different 

WRI)AO. Control is then returned to PAVEMENT. 
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5.4.5 ASPLXT - A Routine to Divide and summarize 

Subdivision costs Amongst Accounts 

The variables used by ASPLIT are: 

* TPCENT - check figure to ensure that 100% of an 

* PRCENT 

* NACONT 

* TYPE 

* METHOD 

* SDCOST 

* TYCOST 

* NACCNT 

* ACCNUM 

* ACCONT 

* ELEM 

* ACCOST 

element's cost is allocated to accounts. 

- percentage of each element cost allocated 

to each account. 

- number of accounts associated with each 

element. 

- subdivision element type. 

- flag to indicate method to be used in 

allocating element costs ~o accounts. 

- cost allocated to account from total 

elemental construction cost. 

- total subdivision element construction 

cost. 

- number of accounts. 

- account number. 

- the account name, associated with an 

element. 

- represents elements for each cost account. 

- account total cost. 

The ASPLIT routine distributes construction costs to 

the accounts. It also sums the costs by subdivision element. 
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First ASPLIT determines the method by which costs are 

to be broken out. Each account is associated with, or 

charged a portion of, one or more of the construction 

element costs. ASPLIT sums the percentage, PRCENT, of the 

element cost each account is associated with. If the 

summation, TPCENT, is less than or equal to 1, METHOD=l and 

the percentage method is to be used. If TPCENT is greater 

than 1 ,METHOD=2,the amount method is used. 

The correct method is used to accumulate the 

maintenance costs into the accounts. The various costs are 

multiplied by PRCENT and stored in SDCOST. The total per 

account is calculated and stored in ACCOST. The total 

construction cost per subdivision is calculated. The results 

are output by this routine. 
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5.4.6 CATCALC - A Routine to Calculate Catchbasin 

Construction Costs for a Node 

The variables used by CAT CALC are: 

* CLINK current link in memory. 

* ATTLIN 

* WROAD 

* AVEDEP 

* IND 

* INDEX 

* BASIN 

* CNODE 

* FLINK 

links associated with the given node. 

- width of road of a given link (m). 

- average storm sewer elevation for a given 

link (m). 

- temporary depth index value. 

- depth index for catch-basin. 

- number of catch-basins required for the 

current node. BASIN is passed from CATNODE 

for node types 1 and 2, and from CAT BAS for 

node types 3 and 4. 

- current node in memory. 

- flag indicating the drainage link. 

* CBCOS - cost of catch-basins for the node. 

* COST16-18 - elemental unit costs. 

* CBLEAD - length of the catch-basin lead (m). 

* LBASIN 

* LCBCOS 

- number of catch-basins required for the 

current link. 

- cost of the catch-basins for the current 

link. 
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* CBC 

* ss 

* EXL 

* CLEAD 

- cost for a complete catch-basin at a given 

node, including the base, cover, riser, 

shaft and lead costs. 

subscript for CBLEAD used in calculating 

CBC. 

- the link with one extra catch basin. 

- minimum length of the catch-basin lead (m). 

CAT CALC calculates ~he construction cost of catchbasins 

required for a given node. The number of catchbasins 

required at a particular node is based on the direction of 

flow of storm water to that node. 

First, CATCALC assigns the depth index, INDEX, for all 

the links associated with the current node. This depth index 

categorizes pipes according to their average depth below 

ground. The average depth, AVEDEP, is used in an empirical 

formula to calculate INDEX. If the depth index is less than 

1, INDEX is set to 11 if the depth index is greater than 9, 

INDEX is set to 9. Consequently, INDEX remains between 1 and 

9. INDEX is related to depth as shown in Table 1. 
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INDEX 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Table 1 

Depth to Invert of Pipe ( m) 

0.0 - 3.0 
3.0 - 3.5 
3.5 - 4.0 
4.0 - 4.5 
4.5 - 5.0 
5.0 - 5.5 
5.5 - 6.0 
6.0 - 6.5 
Out of bounds 
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Second, CATCALC calculates the catchbasin construction 

cost, CBCOS, if two catchbasins are required for the current 

node (BASIN=2). The construction cost calculations are based 

on the CBDPTH, COST16-18 and INDEX. The cost is assigned to 

the drainage link attached to CNODE. The number of 

catchbasins associated with the drainage link, LBASIN, is 

incremented by 2. 

Third, CATCALC calculates CBCOS when 3 catchbasins are 

required at a node (BASIN=3). This cost is based upon 

CBLEAD, as well as CBDPTH and INDEX. The shortest lead 

length is determined by comparing CBLEAD(J,l) and 

CBLEAD(J,2), the catchbasin lead lengths for each link 

attached to the current node. The smaller of the two lead 

lengths is used in the cost calculation. 

As part of the cost calculation for 3 catchbasins, 

CATCALC checks if the number of catchbasins for the current 

node, BASIN, equals the number of drainage links, NFLOW. If 

not, there is a catchbasin that has not been placed on a 



link. This catchbasin is placed on the link with the 

shortest lead length. To determine which link has the 

shortest lead length, the two lead lengths for each link, 

CBLEAD(J,l) and CBLEAD(J,2), are compared to determine the 

larger of the two. This larger lead length is then compared 

to CLEAD. If CLEAD is larger, the additional catchbasin is 

placed on the current link. The number of catch basins for 

the current link, LBASIN, is then incremented and the 

catchbasin cost for the current node, LCBCOS, is calculated. 

Fourth, CATCALC calculates the construction cost when 4 

catch-basins are required at a node (BASIN=4). Catchbasin 

construction costs for the current node, CBCOS, as well as 

for the current link, LCBCOS, are calculated based upon the 

values of CBDPTH, COST16-18 and INDEX. The link construction 

cost is assigned to the drainage link. 

As part of the calculation for 4 catch-basins, CATCALC 

finds the cost for the last catchbasin and assigns this cost 

to the current node as well as to the link with the shortest 

lead length. This link is found in the same manner as used 

for 3 catch-basins (ie. the larger of the two lead lengths 

associated with each link is compared with CLEAD and if 

CLEAD is greater, the current link has the shortest lead 

length). The construction cost for this additional 

catchbasin is added to CBCOS and LCBCOS. Control is then 

returned to the calling program. 
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5.4.7 CATCALC2 - A Routine to Calculate the Catchbasin 

Costs tor a Link 

The variables used by CAT CALC 2 are: 

* IND 

* AVEDEP 

* CLINK 

* LCBCOS 

* COST16-l8 

* INDEX 

* CLEAD 

* CDPTH 

CATCALC2 

- temporary depth index value. 

- the average storm sewer depth for the 

current link (m). 

- current link. 

- cost of the catchbasins for the current 

link. 

- elemental unit costs. 

- depth index for catchbasin. 

- length of the catchbasin lead (m) • 

- depth of the catchbasin from ground level 

(m) . 

finds the catchbasin cost for the link, 

ignoring the catchbasins at the ends of the links. 

First, CATCALC2 finds the depth index, IND, of the link 

using the method described in the documentation for CATCALC. 

Second, CATCALC2 calculates the total catchbasin cost 

for the given link, LCBCOS. This cost applies only to the 

catchbasins between intersection on the given link. Control 

is then returned to the calling program. 
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5.4.8 CATDEPTB - A Routine to calculate Catchbasin Lead 

Length 

The variables used by CATDEPTH are: 

* NODEl - origin node of the current link. 

* NODE2 

* CLINK 

* CNODE 

* PNODE 

* CWD 

* CORWD 

* FROM 

* DISTl 

* DIST2 

- destination node for the current link. 

- current link in memory. 

- current node in memory. 

- previous node in memory. 

- corresponding road width for the current 

link (m). 

- corresponding road width (m). 

- identifies the calling routine. 

- distance from the current node to the 

catchbasin (m). 

- distance from the current node to the 

catchbasin (m). 
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* STLENl - total street length; summing the spacing of 

the catchbasins (m). 

* STLEN2 

* DSTLEN 

* LLINK 

* ATTLIN 

* SSELEl 

- total street length; the road length of the 

link (m). 

- difference between STLENl and STLEN2 (m). 

- link length (m). 

- the links associated with the given node. 

- storm sewer elevation of the current link 

at the current node (m). 



* SSELE2 

* SSLINK 

* CLEAD 

* CDPTH 

* BAS BED 

* ELEVl 

* ELEV2 

* ELEV 

* AVEDEP 

* ANG 

* DPTH 

* WROAD 

* OFFSET 

* BASHGT 

- storm sewer elevation of the current link 

at the previous node (m). 

- storm sewer elevation of the current link. 

- length of the catchbasin lead (m). 

- depth of the catchbasin from ground level 

(m) • 

- height of the bedding (m). 

- the difference between the node and storm 

sewer elevations for the current node (m). 

- the difference between the node and storm 

sewer elevations for the previous node (m). 

- the elevation of a node (m). 

- the average storm sewer depth for the 

current link (m). 

- the slope angle of the storm sewer pipe 

(rad). 

distance from sewer pipe to the catchbasin 

(m) • 

width of road of a given link (m). 

- the distance from the center of the street 

to the catchbasin em). 

- height between the link lead and the 

bedding (m). 

. CATDEPTH is used to calculate the catchbasin lead 

length and the distance from the basin lead to ground level. 
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First, CATDEPTH finds the previous node number, PNODE, 

by comparing the origin node, NODE1, with the current node, 

CNODE. If they are equal, the destination node, NODE2, is 

assigned to PNODE. otherwise, NODEl is assigned to PNODE. 

CATDEPTH then assigns the road width, for the current link 

and node (either destination node or origin node), CWO, the 

value CORWD 
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Second, CATDEPTH identifies whether the node section 

CAT BAS , or the link section CATLIN, calls CATDEPTH. If the 

CAT BAS calls the routine, the distances from the current and 

previous nodes to the catchbasin, DISTl and DIST2, are 

calculated. DISTl equals half of cwo. DIST2 equals the 

length of the current link less DIST1. If CATLIN calls the 

routine, DISTl equals the length of the link less DSTLEN. 

DIST2 equals DSTLEN. 

Third, CATDEPTH calculates the slope angle of the storm 

sewer pipe. CATDEPTH finds the storm sewer elevation at both 

the current and previous nodes, SSELEl and SSELE2 

respectively. CATDEPTH then checks if SSELEl or SSELE2 are 

greater than 9000. If so, -no lead length calculations are 

required, since the current node must connect to the sewer 

system outside the subdivision. CLEAD and CDPTH are assigned 

to null values and control is returned to the calling 

program. 

If both SSELE1- and SSELE2 are less than 9000, CATDEPTH 

does lead length calculations. The difference between the 



node and storm sewer elevations for current and previous 

nodes, ELEVl and ELEV2, are calculated. (See Figures 5 and 6 

for an explanation of the calculations for CLEAD.) CLEAD and 

CDPTH are calculated differently, depending on whether CNODE 

or PNODE is at a higher elevation. Control is then returned 

to the calling program. 
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5.4.9 CATLIN - A Routine to Calculate the Number of 

C:tchbasins per Link 

The variables used by CATLIN are: 

* STLENG 

* STRLEN 

* ORIGIN 

* DEST 

* BRANCH 

* LENGTH 

* NBASIN 

* STRCAT 

* SPACAT 

* START 

* LBASIN 

- length of a section of street between 

intersections, intersections and dead ends, 

intersections and cul-de-sacs (m). 

- length ,of a section of street between two 

nodes (m). 

- the origin node of the sequence of nodes 

comprising a street. (One street may be 

composed of several links.) 

- the destination of the sequence of nodes 

comprising a street. (one street may be 

composed of several links.) 

- one of a number of links attached to the 

node. 

- length of a section of street (m). 

- number of catchbasins per street length 

(m) • 

- number of catchbasins per street length. A 

temporary value. 

- spacing of catchbasins (m). 

- starting link. 

- the number of catchbasins required for the 

current link. 
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* CLINK 

* DSTLEN 

* STLENl 

* STLEN2 

* NODEl 

* NODE2 

* ATTLIN 

* JOINT 

* NTY'PE 

* K,L 

* PATH 

* SLEN 

- current link in memory. 

- difference in street length (for 

calculating link catchbasins only; the 

difference between STLENl and STLEN2.) (m). 

- total street length including spacing of 

catchbasin em). 

- total street length including the road 

length of the link (m). 

- origin node for the current link. 

- destination node for the current link. 

- links associated with the specified node. 

- the node connecting two given links. 

- node type. 

- counters. 

- links between two intersections, 

intersections and dead end, intersections 

and cul-de-sacs. 

- street length of a given link. (returned 

from CHECKLEN routine.) (m). 

CATLIN calculates the number of catchbasins for a 

specified street. 

CATLIN first determine the entire street length by 

assigning the value of LENGTH to STLENG. NBASIN is 

calculated by taking the integer value of: 

[(STLENG/SPACAT)-O.5]*2 
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STRCAT is assigned the value of NBASIN, and accumulates 

the catchbasins assigned to the street length from CORNER 

and as the street's links are processed by CATLIN. Each link 

associated with the street is assigned two catchbasins 

conditional upon the street length being longer than SPACAT 

and NBASIN being greater than o. 

Next CATLIN finds the connecting nodes between links 

that make up a street. Given the conditions above, JOINT is 

the node that is a part of the street as defined in PATH. 

CATLIN determines JOINT by comparing: each node connected to 

each link, and the attached link, with the PATH. JOINT is 

the CNODE, either NODEl or NODE2, attached to one of the 

four ATTLIN that are a part of PATH. If NTYPE of the node 

being processed is 2 then the node is automatically equal to 

JOINT. 

CATDEPTH and CATCALC2 are called to determine the 

actual catchbasin lead length and costs at the JOINT or 

node. CATLIN then increments STLENl by the value of SPACAT. 

The do-loop is exited when each link that is a part of the 

street has been processed·by CATLIN and STLENl is greater 

than STLEN2. 

CHECKLEN is called to calculate the value of STLEN2 

when STLENl is greater than STLEN2 and not all the links 

have been processed (K ~ END). Control is then passed to the 

calling routine. 



5.4.10 CATNODE - A Routine to Calculate the Cost of 

Catchbasins 

The variables used by CATNODE are: 

* CNODE - current node. 

* CLINK 

* ATTLIN 

* WROAD 

* SS 

* SSELE1 

* SSLINK 

* ELEV 

* BAS BED 

* CLEAD 

* CDPTH 

* BASHGT 

* IND 

- current link. 

- links associated with the specified node. 

- width of road of a given link em). 

- array subscript. 

- storm sewer elevation of the current link 

at the current node (m). 

- storm sewer elevation of the current link 

(m) • 

- the elevation of a node em). 

- height of the bedding (m). 

- length of the catchbasin lead (m). 

- depth of the catchbasin from ground level 

(m) • 

- height between the link lead and the 

bedding (m). 

- temporary depth index value. 

* INDEX - depth index for catchbasin. 

* CBCOS - cost of catchbasins for the node. 

* COSTl6-l8 - elemental unit costs. 

* BASIN - number of catchbasins for the node. 

256 



* LCBCOS 

k LBASIN 

* NTYPE 

* NODEl 

* NODE2 

* Ml 

* M2 

* LINKl 

- cost of the catchbasins for the current 

link. 

- the number of catchbasins required for the 

current link. 

- node type. 

origin node for the current link. 

- destination node for the current link. 

- type 1 node of the cul-de-sac. 

- type 2 .node of the cul-de-sac. 

- the link between type 2 node and the other 

nodes. 
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The CATNODE routine calculates the cost and number of 

catchbasins required for cul-de-sacs and dead-ends. 

CATNODE calculates the cost of the catchbasin 

associated with the type 1 and type 2 nodes. 

The logic for type 2 nodes is as follows: the link with 

the highest storm sewer elevation is assigned catchbasin 

costs. For a type 1 node the link attached to the dead end 

is assigned catchbasin costs. This link is identified, the 

catchbasin is assigned and cos ted ( the cost includes that 

of the lead). 

After identifying the links to which costs will be 

assigned, CDPTH and CLEAD are calculated: 

CDPTH = ELEV - SSLINK + BAS BED 



CLEAD = « 0.5 * WROAD )2 + BASHGT2 )1/2 

The depth index is also found in order to properly 

calculate costs for the depth of the catchbasin. 

CATNODE checks each node attached to the CLINK. If 

either node is type 2 then CULCHK is called to identify and 

calculate the length of the links leading to a possible cul

de-sac. If there is a cul-de-sac (CUL = 1) then the costs 

for the catchbasin is assigned to the link entering the cul

de-sac(LINK1). Otherwise the. costs are assigned to the 

CLINK. Control is then passed to the calling routine. 
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5.4.11 CHECKLEN - A Routine to Calculate the Length of Cul

de-Sacs 

The variables used in CHECKLEN are: 

* NTYPE 

* NODEl 

* NODE2 

* CLINK 

* CNODE 

* PNODE 

* RADIUS 

* SLEN 

* LLINK 

* CORWD 

* LROAD 

- node type. 

- origin node for the current link. 

- destination node for the current link. 

- current link. 

- current node. 

previous node in memory. 

- radius of the cul-de-sac or tube sac (m). 

- street length of a given link. (returned 

from CHECKLEN routine.) (m). 

- link length (m). 

- corresponding road width (m). 

- length of road on a given link (m). 

CHECKLEN is used to find the street length, SLEN, of a 

cul-de-sac/tube. It is necessary that this length be 

calculated separately from the road length, LROAD, since 

these values are different for cul-de-sacs and tube sacs. 

First, CHECKLEN checks the node type, NTYPE, of the 

terminal (end) nodes for the link in question. If neither of 

these nodes are type 1 (cul-de-sac or tube sac), there is no 

cul-de-sac or tube sac associated with the link. Therefore, 

SLEN is equal to LROAD for the current link. 
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If either of the terminal nodes are type 1, 

however,SLEN must be calculated considering the radius, 

RADIUS, associated with the node. To do this, CHECKLEN 

assigns the type 1 terminal node for the current link to 

CNODE, and the other terminal node to PNODE. If both 

terminal nodes are type 1, then the origin node for the 

current link, NODE1, is assigned to CNODE. CHECKLEN then 

calculates SLEN for the link. If the RADIUS associated with 

CNODE is zero, and PNODE is type 2 SLEN of the CLINK equals: 

SLEN = LLINK - [CORWD(CLINK,l) + CORWD(CLINK,2)] / 2 +RADIUS 

If the RADIUS does not equal 0 and NTYPE equals 2 then: 

SLEN = LLINK + RADIUS 

If the RADIUS equals 0 or the nodes attached to CLINK 

are not of type 1 then SLEN equals LROAD. Control is then 

returned to the calling program. 
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5.4.12 CLINE - A Routine to Create the Border Character 

Strings Used in the Link Description Tables 

The variables used by CLINE are: 

* LINE - an variable for line characters. 

* LINEl-4 - used to define borders and titles for link 

description tables. 

* MCOL 

* XSPA 

* XSEC 

* XTOTAL 

* COL 

* CON1 

* CON2 

* I 

- maximum number of columns in the link 

description tables. 

- number of columns in each section of the 

link description tables. 

- number of sections in the lihk description 

tables. 

- used to format link description table 

subheadings. 

- starting column for link description table. 

- condition flag indicating the shift of a 

table section. 

- condition flag indicating the shift of a 

table section. 

- loop index variable. 

CLINE creates the character strings that form the 

borders for the link description tables. These link 

description tables are output in the routine ANALYSIS. 
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First, CLINE clears the character variables, LINE and 

LINEl to LINE4. The variables are cleared by assigning all 

the characters within them to blanks. 

Second, CLINE assigns the characters in these variables 

to either dashes ("_"), exclamation points ("!"),"plus ll 

signs ("+") or spaces using a section of code for each 

variable. The dashes in the variables serve as the table 

borders, while the exclamation points and plus signs 

indicate the table sections . 

ego ... ----------------+---------------- ... 
Table section Table Section 

... ----------------+---------------- ... 

For each variable, CLINE uses a loop to assign the main 

characters. Following the loop, additional statements are 

used to assign the remainder of the characters for each 

variable. XTOTAL is used to determine where the "!" and "+" 

characters (the table section indicators) should appear in 

the variables. 
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5.4.13 COR - A Routine to Calculate the Pavement Area for 

straight Roads streets and Bulb Curves 

The variables used by COR are: 

* ASAC 

* LEN 

* ACIR 

* AEXC 

* CNODE 

* PNODE 

* NODE1 

* NODE2 

* RADIUS 

* RAD 

* Sl 

* WROAD 

* ATRI 

- area of the road connected to a bulb curve 

(m2 ) • 

- road length connected to a bulb curve (m). 

- area of the bulb portion of the bulb curve 

(m2 ) • 

- area of quarter circle minus area of 

triangle (m2). 

- current node in memory. 

- previous node in memory. 

- origin node for the current link. 

- destination node for the current link. 

- radius of the cul-de-sac/tube associated 

with a node (m). 

- half the radius associated with the current 

node (m). 

- half the perimeter of a triangle (m). (Used 

in Heron's Formula.) 

- width of road of a given link (m). 

- area of triangle calculated using Heron's 

Formula (m2). [Heron's formula: 

[Sl * (Sl - WROAD) * (Sl - RAD) * (Sl - RAD)]1/2 

263 



* H 

* ANG 

* ASEC 

* AEXC 

* ROAD 

* LLINK 

* AEND 

* ACUB 

* CURB 

* ASAC 

* BULB 
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- height of triangle (m). 

- apex angle of the triangle (rad). 

- area of the sector of the circle (m2). 

- area of the segment of the circle (m). 

- length of the straight part of the curve 

(m) • 

- length of the current link (m). 

- area of the straight part of the curve 

(m2 ) • 

- area of the curb (m2 ). 

- radius of the curb (m). 

- area of the road, including bulb area, 

associated with the current link (m2 ). 

- number of bulb curves attached to the link. 

COR is used to calculate the pavement area for a node 

and attached links associated with a bulb curve. In order to 

calculate the bulb area, COR assumes that it can be modeled 

as the sector of a circle. (See figure 7) 

First, COR assigns the bulb node to the current node, 

CNODE. It then calculates AEND by multiplying WROAD by ROAD. 

Half of the bulb curve pavement area is assigned to a link. 

ACIR is calculated as half of the area of a circle, ASEC is 

a quarter circle, and ATRI is the triangle area. ACUB is 

calculated as 1/8 of a circle whose radius is measured from 

the inside of the sidewalk area. This area must be 



separately calculated because it is part of the excess area 

calculated in ACIR. ASAC is finally calculated as being: 

AS~~ = AEND + ACIR - AEXC - ACUB 

If two bulb curves are attached to the link, ASAC 

equals: 

ASAC = AEND+ACIR(1)+ACIR(2)-AEXC(1)-AEXC(2)-BULB*ACUB 

265 



F\ <ZVRE 7 - VAR\ABLES 
266 

COR ROVTI Ne:. 

~CtR 

Cet'\;' re. 0': Cuv-VQ"l.tre,. 0 

.for 0 lJ'\r\e.r c. ... rve. 0 

0 0 

• 
0 

0 0 
0 

0 0 0 0 
0 

AcND 

0 0 

~ 
• '0 

0 
D 

0 

0 
0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

{

:;4.E.xC 

~SEC. 

A-rR\ 



( 

5.4.14 CORCHK - A Routine to Identify Bulb Corners 

The variables used by CORCHK are: 

* BULB 

* NBL 

* CLINK 

* PATH 

* ORIGIN 

* BRANCH 

* NODE1, 

* NODE2, 

* NTYPE 

* RADIUS 

Nl 

N2 

- flag indicating the presence of a bulb 

curve. 

- the number of links between two 

intersections, or intersection and dead

end, or intersection and cul-de-sac. 

- current link. 

- links between two intersections or 

intersection and dead end, or intersection 

and cul-de-sac. 

- origin node of the trace. 

- branch of the origin node. 

- origin node for the current link. 

- destination node for the current link. 

- node type. 

- radius of the cul-de-sac or tube sac 

associated with the current node (m) • 
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CORCHK is used to find the number of corners that have 

bulbs. It checks all the links between the ORIGIN and DEST 

nodes that are a part of the BRANCH. From CLINK and NTYPE 

information it determines whether a node has a bulb 

associated with it, NTYPE equals 2. The check is made of the 

node to determine whether or not is has a radius associated 

with it. If so, the flag BULB is incremented to indicate a 



bulb presence. Control is then passed back to the calling 

routine. 
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5.4.15 CORNER - is a Routine to Calculate the Number of 

Ci . t.chbasins on Bulb Corners 

The variables used by CORNER are: 

7 LENGTH 

* NBL 

* START 

* CLINK 

* ORIGIN 

* BRANCH 

* NTYPE 

* NODE1,N1 

* NODE2,N2 

* CNODE 

* RADIUS 

* DEST 

* SLEN 

* STRCAT 

- the length of a section of a street (m). 

- the number of links between two 

intersections, or intersection and dead-

end, o~ intersection and cul-de-sac. 

- the starting link. 

- current link. 

- the origin node of the sequence of nodes 

comprising a street. (One street may be 

composed of several links.) 

- the branch of the path. 

- node type. 

- origin node for the current link. 

-destination node for the current link. 

- current node. 

- radius of the cul-de-sac or tube sac (m). 

- the destination node of a sequence of nodes 

comprising a street. 

- street length of a given link (m). 

(Returned from CHECKLEN routine.) 

- the number of catchbasins per street 

length. 
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CORNER is used to calculate the number of catchbasins 

on bulb corners. The routine first identifies the links 

between intersections and dead-ends or cul-de-sacs and finds 

bulb corners. 
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CORNER then finds the origin and destination nodes for 

the current link. It checks the radius of the node. If 

RADIUS is greater than 0 then CATNODE is called to calculate 

the catchbasin costs and CATLIN is called to calculate the 

number of catchbasins to put on the link. If RADIUS equals 0 

CHECKLEN is called to calculate the LENGTH of the street. 

Control is then passed to the calling program. 



( 

5.4.16 COUNTER - A Routine to Count the Number of 3-Way and 

4 Way Intersections, Cul-de-Sacs, and Exit Nodes in the 

Subdivision 

The variables used by COUNTER are: 

* NCUL - number of cul-de-sacs in the subdivision. 

* N3WAY - number of 3 way intersections in the 

subdivision. 

* N4WAY - number of 4 way intersections in the 

sUbdivision. 

* NEXIT - number of exits in the subdivision. 

* NDEAD - number of dead ends in the subdivision. 

* NNODE - number of nodes in the subdivision. 

* NTYPE - node type. 

* RADIUS - radius of the cul-de-sac or tube sac (m). 

The routine checks NTYPE to determine whether the node 

is a : dead-end 
cul-de-sac 
3-way intersection 
4-way intersection 
exit 

and increments the appropriate counters. 
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5.4.17 CULCHK - A Routine to Identify and Calculate the 

Length of Links Leading to a Cul-De-Sac 

The variables in CULCHK are: 

* CUL 

* LEN 

* CLINK 

* NTY'PE 

* NODEl 

* NODE2 

* Nl 

* N2 

* CNODE 

* PNODE 

* LINK1,2 

* ATTLIN 

* WROAD 

* RADIUS 

* LLINK 

- cul-de-sac type 2 node flag. 

- total length of links (m). 

- current link. 

- node type. 

. - origin node for the current link. 

- destination node for the current link. 

- node type for other node in cul-de-sac. 

- type 1 node for cul-de-sac. 

current node. 

- previous node in memory. 

- the link terminating in or entering into 

the cul-de-sac. 

- links associated with the specified node. 

- width of road of a given link (m). 

- radius of the cul-de-sac/tube (m). 

- link length (m). 

CULCHK is used to calculate the link length ending in a 

cul-de-sac. It identifies the entrance or end nodes of the 

cul~de-sac as PNODE and CNODE. CNODE is always type 2. 

Next it identifies and assigns the links entering the 

cul-de-sac as LINK2. LINK2 is between a node of type 1 and a 
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node of type 2. This node is identified by checking the 

CLINK's attached to the CNODE to see that the are not 

easements (ie. CLINK = 0 or WROAD = 0), and NTYPE of the 

PN')DE equals 1. PNODE being the node attached to CLINK that 

is not of type 2. LINK1 is assigned to be the link that does 

not have a PNODE NTYPE equal to 1. 

Finally, the total length of the links are added: 

LEN = LLINK(LINK1) + LLI~K(LINK2) 

·and COL equals 1 when both LINK1 and LINK2 do not equal 

o and RADIUS has a value. Control is then returned to the 

calling program. 
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5.4.18 DEPTH - A Routine to Determine the Depth Index of a 

Given pipe 

The variables used by DEPTH are: 

* E1 elevation of origin node (NODE1) (m). 

* E2 

* PEl 

* PE2 

* 01,02 

* DPTH 

* DI 

- elevation of destination node (NODE2) (m). 

- elevation of pipe at the origin node (m). 

- elevation of pipe at the destination node 

(m) • 

- elevation of the origin and destination 

nodes minus the elevation of the pipes (m). 

- average depth into ground of pipe (m). 

- depth index (1-9). 
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DEPTH calculates the depth index (DI) of specific pipes 

thus categorizing pipes according to their average depth 

below ground. First, DEPTH calculates the depth below ground 

for each node belonging to the specified pipe. Then the 

average depth of the pipe is determined. The average depth 

is used in an empirical equation to calculate DI. If DI is 

less than 1, the index is set to 1; if DI is greater than 8, 

the index is set to 9. Consequently DI remains between 1 and 

9. DI is related to depth as shown in Table 2. 



DI 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Table 2 

Depth to Invert of pipe ( m) 

0.0 - 3.0 
3.0 - 3.5 
3.5 - 4.0 
4.0 - 4.5 
4.5 - 5.0 
5.0 - 5.5 
5.5 - 6.0 
6.0 - 6.5 

Out of bounds 
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5.4.19 DIAMTR - A Routine to Determine the pipe Slope 

Required to Meet or Exceed the Minimum Acceptable water 

Velocity in a pipe 

The variables used by DIAMTR are: 

* D 

* Q 

* M 

* N 

* VMIN 

* HDEPTH 

* LDEPTH 

* DEPTH 

* PRCNT 

* WP 

* AREA 

* R 

'It QEST 

* DIFF 

* V 

diameter of pipe (m). 

- required flow in pipe (ems). 

- slope of pipe. 

- Manning's roughness coefficient. 

minimum acceptable water velocity in the 

pipe (m/s). 

over-estimated value of depth of water in 

pipe (m). 

under-estimated value of depth of water in 

pipe (m). 

estimated value of depth of water in pipe 

(average of HDEPTH and LDEPTH) (m). 

- percentage that the depth is of the 

diameter. 

- wetted perimeter (m). 

cross-sectional area of water in the pipe 

(m2 ) • 

- hydraulic radius (m). 

- an estimate of the flow at the estimated 

depth using Manning's equation (cms). 

- the difference between the estimated flow 

and the required flow (ems). 

- the velocity of water in the pipe (m/s). 
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* VMAX - maximum acceptable water velocity in the 

pipe (m/s). 

OIAMTR calculates the pipe slope required to ensure 

sufficient water velocity within the pipe. First, the depth 

of water in the pipe is calculated using the bisection 

method. HDEPTH is set to the diameter of the pipe and LDEPTH 

is set to zero. The average of HDEPTH and LDEPTH becomes the 
. 

estimated depth. This depth is used to estimate the 

corresponding flow. If the estimated flow is less than the 

actual flow and if the flows do not fall within defined 

tolerances, LDEPTH is set to Depth. If the estimated flow is 

greater than the actual flow and if the flows do not fall 

within the defined tolerances, HDEPTH is set to depth. Then 

a test is made to ensure that HOEPTH and LDEPTH converge. If 

they do converge, the average of HOEPTH and LDEPTH becomes 

the new estimated Depth and the process is repeated. If they 

do not converge, control returns to the calling routine. 

If the estimated flow and the actual flow fall within 

the defined tolerances then the depth of water in the pipe 

has been found. The water velocity is consequently 

calculated for the current slope. If the velocity is less 

than the minimum allowable velocity, the slope is 

recalculated using VMIN, if the velocity is greater than 

VMAX the slope is recalculated using VMAX. In either case, 

the new slope is used to calculate a new depth of water in 



the pipe and a new velocity. On the other hand, if the 

velocity is within the defined tolerances, the correct pipe 

slope has been found and control returns to the calling 

program. 
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5.4.20 DMAKER - A Routine to Allocate Subdivision Elements 

to Collector streets or Links at Major Intersections 

The variables used by DMAKER are: 

* LINK 

* NCOL 

* CLINK 

* ATTLIN 

* WROAD 

* TROAD 

* QUAN 

- stores the collector/major local link. 

- number of collector streets. 

- current link. 

- links associated with the specified node. 

width of road of a given link (m). 

- type of road or street. 

- number of signs/manholes/lights at the 

node. 

* NODE1,Nl - origin node for the current link. 

* NODE2,N2 - destination node for the current link. 

* EXIT - exit node. 

* Ml - node type for other node in cul-de-sac. 

* M2 - type 1 node for cul-de-sac. 

* M3 - link between type 2 node and other type 

node. 

* ~L - flag indicating a cul-de-sac. 

Initially DMAKER sets the collector or major links 

counters, (LINK), to zero. It checks the TROAD of each link 

attached to the CNODE, and if it is a collector(ie. TROAD = 

1), identifies and counts these links in NCOL. 
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Next a loop is set up to assign the particular element 

being passed from the calling program to the link on which 

it exists. 

The loop first checks NCOL to determine how many 

collector streets occur at the CNODE. If NCOL equals 0, 

DMAKER checks each ATTLIN to ensure that they are not 

easements. If they are they are not allocated any 

subdivision elements. Each of the ATTLIN are checked to see 

if their nodes are NTYPE 2. If they are, CULCHK is called to 

identify the links leading to a cul-de-sac. If CUL equals 0 

and there is no cul-de sac and CLINK is not equal to LINKl 

then LINK(N) is assigned to the N'th LINK depending upon 

which element the do-loop is processing (how many of the 

QUAN times the loop has been executed). If LINKl equals 

CLINK or CUL is not 0; or if the ATTLIN are not equal to 2, 

then LINK(3) equals CLINK. 

If NCOL equals 1 and QUAN is greater than 1 then DMAKER 

checks the ATTLIN of CNODE to see if they are easements and 

TROAD equals 1. If these conditions hold then LINK(l) is 

assigned the value of CLINK to represent allocation of the 

subdivision element to the major LINK(l). 

If NCOL is greater than or equal to 2 then each 

subdivision element is assigned to LINK(l) as long as 

ATTLIN to the CNODE is not and easement, TROAD of each 

ATTLIN equals 1, and N1 and N2 are not exit nodes 

each 
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(EXIT(N1)=0). If they are exit nodes then LINK(3) equals 

CLINK. 

If NCOL is greater than 0 and the LINK(l) is assigned, 

LINK(2,3) must also be assigned. A nested loop checks 

ATTLIN, each of the four possible links attached to the 

CNODE, to see if they are easements. DMAKER then checks for 

ATTLIN NTYPE of 2 and calls CULCHK. If CUL equals 0 then 

LINK(2) equals CLINK, if CUL is greater than 0 LINK(3) 

equals CLINK. 

After DMAKER has completed execution of the initial do

loops it checks its work to ensure that a link has been 

identified for the allocation of subdivision elements. If 

QUAN equals 1 and LINK(l) equals 0 this indicates non

existence of a major link. The earlier do-loop identified 

the CLINK as LINK(3). LINK(l) is now assigned the value of 

LINK(3). 

LINK(2) is assigned the value of LINK(3) when LINK(2) 

equals 0, LINK(l) is not equal to 0 and QUAN equals 2. This 

ensu~es that LINK(2) has a value after the initial do-loops 

have completed their processing. 

If LINK(1,2) both equal 0 and QUAN equals 2 then each 

ATTLIN of CNODE is checked to see if they are easements. If 

not then LINK(1,2) are assigned an ATTLIN. 
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If the NTYPE equals 5 (an 'other' type node) , then 

each ATTLIN of CNODE not equal to 0 is assigned to LINK(l). 

Control is then passed to the calling routine. 
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5.4.21 DMAKER2 - A Routine to Assiqn Subdivision Elements 

to the Local Street Links 

The variables used by DMAKER2 are: 

* LINK - the local link. 

* YIELD 

* STOP 

* QUAN 

* CLINK 

* ATTLIN 

* CNODE 

* WROAD 

* TROAD 

- the flag indicating yield signs at the 

node/link. 

- the flag indicating stop signs at the 

node/link. 

- the number of signs at the node/link. 

- current link. 

- links associated with the specified node. 

- current node. 

width of road of a given link (m). 

- type of road/street. 

The DMAKER2 routine assigns street signs to the local 

streets. First the routine determines what the calling 

program requires in terms of elements (ie. yield or stop 

signs). Then DMAKER2 assigns these elements to the local 

links. 

If YIELD.is greater than 1 each sign at the CNODE is 

allocated to the LINK's(1,2,3), as long as they are ATTLIN 

of CNODE, not easements (WROAD not equal to 0 and CLINK not 

equal to 0) and TROAD is equal to 1. 
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If there is 1 YIELD sign and 1 or more STOP signs at 

the intersection DMAKER2 checks each ATTLIN of the CNODE for 

an easement. If there are none and TROAD of the ATTLIN 

equals 2 then LINK(l) equals the ATTLIN. If TROAD does not 

equal 2 LINK(2) is assigned the value of ATTLIN. 

If YIELD equals 1 and STOP equals 0 then DMAKER2 checks 

each ATTLIN of the CNODE for an easement and TROAD equal to 

2. If these conditions are met then DMAKER2 assigns 

LINK's(1,2,3) to each ATTLIN. Control is then passed to the 

calling routine. 
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5.4.22 DRAIN - A Routine to Determine the Flow Direction of 

DJ'ainage With Respect to the Node 

The variables used by DRAIN are: 

* FLAG 

* NODEl 

oR NODE2 

* PNODE 

* CNODE 

* CLINK 

* NTYPE 

* RADIUS 

* LINK 

* ATTLIN 

* WROAD 

* ELEV 

- indicates the direction of the drainage 

flow. (0 is out of the node; 1 is into the 

node) • 

- origin node of the current link. 

- destination node of the current link. 

- previous node in memory. 

- current node in memory. 

- current link. 

- node type. 

- radius of the cul-de-sac or tube sac (m). 

- the link associated with a type 2 node. 

- links associated with the specified node. 

-.width of road of a given link (m). 

- the elevation of a node (m). 

DRAIN is a routine that is called by CAT BAS to 

determine the drainage flow direction to or from a specified 

node. The routine first sorts the origin and destination 

nodes to ensure they are identified as PNODE or CNODE. This 

is done by checking to see if NODEl(CLINK) equals CNODE. If 

so then PNODE equals NODE2(CLINK). If not PNODE equals 

NODE1(CLINK). 
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The routine then checks NTYPE's to identify cul-de

sacs. If they are, then the routine checks the nodes that 

are at the exit of the cul-de-sac. In the case of a cul-de

sac the node of type 2 at the mouth of the cul-de-sac might 

have the same elevation as the interior cul-de-sac node. 

Then the routine must find the next node to determine if it 

is higher than the cul-de-sac node. This is done by meeting 

the conditions of CNODE: NTYPE equal to 1, RADIUS not equal 

to 0, and NTYPE(PNODE) equal to 2. A do-loop is then entered 

checking each ATTLIN of the CNODE for an easement and 

ensuring that each CLINK is not the same as the ATTLIN being 

processed. If these conditions are met and NODE1 of the 

ATTLIN being processed is the PNODE, then the other node 

attached to the ATTLIN is the new PNODE and is compare with 

the elevation of the CNODE in the cul-de-sac. The FLAG is 

either 1 or 0 depending upon whether the CNODE or PNODE 

elevation is greater. Then control is returned to the 

calling program. 
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5.4.23 DSSDPTH - A Routine to Allocate Domestic Sewer 

Blevations to Nodes 

The variables used by DSSDPTH are: 

* ATTLIN 

* CLINK 

* CNODE 

* DSLINK 

* NODEl 

* NODE2 

* DPTHl 

* DPTH2 

* ELEV 

- links associated with the specified node. 

- current link. 

- current node in memory. 

- domestic sewer elevation of a given link 

(m) • 

- origin node of the current link. 

- destination node for the current link. 

- the depth of excavation at the origin node 

(m) • 

- the depth of excavation at the destination 

node (m). 

- ground elevation of the node (m). 

The DSSDPTH routine is called by the DMSTC routine to 

assign the correct elevation and excavation depths to the 

nodes for domestic sewer pipe. CLINK, DPTH1, DPTH2 are the 

variables being passed to DSSDPTH. 
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Each link associated with a certain node is checked to 

see if it is the CLINK being passed. If so then the 

elevation is calculated as being the ELEV-OPTH1. An 

identical calculation is performed for the destination and 

origin nodes. 
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5.4.24 FINDPATH - A Routine to Identify the Links Between 

In:ersections, Dead-ends, and Cul-de-sac Nodes 

Th·; variables used by FINDPATH are: 

~ EASE - indicates the presence of an easement 

'It S 

* N 

* C 

* J 

* L 

* ATTLIN 

* WROAD 

* PATH 

* NODEl 

* NODE2 

* NTYPE 

attached to a node. 

- indicates the starting node for the 

routine.. 

- starting node value passed from calling 

routine. 

- the number of links between two 

intersection,dead-end nodes. 

- the ending node value of the street without 

branches. 

- current link, one of four possible links 

attached to the starting node. 

- links associated with the specified node. 

- width of road of a given link em). 

- links between two intersections or 

intersection/dead end/cul-de-sac. 

- origin node for the current link. 

- destination node for the current link. 

- node type. 

FINDPATH determines the PATH or the route from one 

intersection to the next with no branches off of the street 

between. From the starting node the routine checks each node 



and link attached to this node. If a branch of more than one 

link occurs at the node this signifies the end of the 

street. If WROAD of ATTLIN equals 0, signifying an easement, 

J is incremented by 1. If J is 5 or over EASE is reset to 0 

and control is returned to the calling routine. 

If no easement is encountered then the ATTLIN being 

processed is stored in PATH(N,J,C) 

N is the starting node. 

J is the ending node of the PATH. 

C is the counter of the number of links in the PATH. 
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FINDPATH increments S to be the value of the other node 

attached to the ATTLIN just processed. This nodes NTYPE is 

checked to see if it is a value other than 2. If so the 

routine ends. The ATTLIN to this node are checked as to 

whether or not they are easements if so they are noted as 

explained in the previous paragraph and control is passed to 

the calling routine. 

The routine is called by LIGHT to calculate the number 

of links that require lights on the street. 



5.4.25 GOGRAD - A Routine to Calculate Present, Future 

Values and Annuity Amounts 

The variables used by GOGRAD are: 

* INTRST - interest rate used for discounting present 

* RATE 

* GDRATE 

* PWORTH 

* BASE 

* W 

* FWORTH 

* AWORTH 

* UNFORM 

values. 

- INTRST/100. 

- growth rate of the capitalized or annuity 

amount. 

- present value of a base amount. 

- base amount of initial cash outlay at time 

zero. 

- intermediate variable for present value 

calculations. 

- future value of a present value amount. 

- annuity amount equivalent to the PWORTH. 

- function used to calculate annuity values 

291 

given a present value lump sum, time period 

and interest rate. 

GOGRAD evaluates the present and future values of 

current costs. These amounts indicate the costs of capital. 

for various construction and operating expenses incurred in 

the subdivision. 

The routine determines which formula to use in 

calculating PWORTH by comparing growth and interest rates. 



Next the FWORTH is calculated. The routine calls the 

function UNFORM to calculate the annuity amounts given a 

PWORTH. 

If GDRATE equals RATE: 

PWORTH = BASE * N / ( 1.0 + GDRATE ) 

W = (1.0 + RATE) / (1.0 + GDRATE) - 1.0 

If GDRATE is greater than RATE: 

PWORTH=BASE/(1.0+GDRATE)*{(1.0+W)N_1 • 0 ]/W} 

W = (1.0 + RATE) / (1.0 + GDRATE) - 1.0 

FWORTH = PWORTH * (1.0 + RATE)N 

AWORTH - UNFORM(INTRST,N,PWORTH) 
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5.4.26 GRAPH - A Routine to Graph various cost Results of 

R1CAM 

Tbe variables used by GRAPH are: 

* TITLE - graph title. 

* XNAME 

* YNAME 

* COL 

* YSPA 

* XSPA 

* XSEC 

* YSEC 

* INVMIN 

* INVMAX 

* REVMIN 

* REVMAX 

* TCOS 

* MROW 

* MCOL 

* XVAL 

* XVALl 

* YVAL 

* YVALl 

* LENGTH 

- x-axis title. 

- y-axis title. 

- starti~g column for graph. 

- number of spaces in each vertical section. 

number of spaces in each horizontal 

section. 

- number of horizontal sections. 

- number of vertical sections. 

- minimum investment rate of return. 

- maximum investment rate of return. 

- minimum revenue. 

-.maximum revenue. 

- total costs of subdivision construction. 

- maximum rows on graph. 

- maximum columns on graph. 

- revenue per horizontal section. 

- revenue per column. 

- investment rate of return per horizontal 

section. 

- investment rate of return per row. 

- length of the titles. 
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* LEN 

* FRONT 

* INT 

* LINE 

* XTOTAL 

* YTOTAL 

* VAL 

* SIDE 

* SLOPE 

- function that calculates character string 

lengths. 

- number of spaces in front of the character 

string. 

- function that converts real numbers to 

integers. 

line characters ie. a space. 

- horizontal spacing counter. 

- vertical spacing counter. 

- value to be plotted. 

- one character. 

- slope of the graph. 

The GRAPH routine initializes all titles and axis 

names. The function LEN is used to determine the length of 

the titles for centering on the graph. Next the vertical and 

horizontal grids are drawn. Followed by the calculation of 

and the printing of the grid values. The SLOPE is calculated 

from a given hardcoded value, SLOPE and output. 
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5.4.27 GROUPl - A Routine to create Watermain Tributary 

Data 

The variables used by GROUPl are: 

* NTYPE - The type of node: cul-de-sac, dead-end, 3-

* NODEl 

* NODE2 

* REFLNK 

way, etc. If a node is an access/egress 

node, then NTYPE will initially have a 

negative value; later, when the 

access/egress points no longer need to be 

identified, the negative values are 

converted to positive values. 

- an array which holds the node of highest 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link (m). 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 
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* CHEKIN - keeps track of which links have been tested 

for connection to an access/egress point. 

* REFNOD 

* REFLNK 

- the node currently being referenced. 

- the link currently being referenced. 



* CHONUM 

* CHOLNK 

* NUMPTH 

* PATHS 

* CHECK 

* LISTl-2 

* SRTIDX 

* SORT 

* NUMNOD 

* NODES 

- number of choices that were made in 

designing a particular system. 

- link numbers of links involved in each 

choice. 

- (index from 1 to CHONUM, 1-3) 

- 1 is the number of the link not chosen. 

- 2 is the number of the link chosen. 

- 3 is the number of the node at which the 

choice occurred. 

- number of possible path choices a test can 

follow. 

- a list of all possible path choices. 

- indicates which links are in the system 

being evaluated. 

- arrays for grouping the data together. 

- index into sort array. 

- an array for sorting the groups of data. 

- number of nodes involved in the system 

being evaluated. 

which nodes are in the system being 

evaluated. 

- (index from 1 to NUMNOD, 1-5) 

- 1 is the identity of the node around which 

the group is formed. 

- 2-4 are the 'from' or supply links. 

- 5 is the 'to' or receptor link. 
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ok FLAG 

..;, NUMEXT 

'* EXTREF 

* NUMLNK 

ok LINKS 

* TBTRY 

* L,Ll-3 

* X,Xl-7, 

flag to indicate when a sort cycle is 

finished. 

number of subdivision exits in the system 

being evaluated. 

- array holding indexes into each NODES group 

which is centered around an exit node. 

- number of links in the system. 

links involved in the system. 

- tributa~ data returned to the calling 

routine. 

- loop index variables. 

- miscellaneous variables. 

GROUPl is used to create tributary data for the 

watermain system. (Tributary data shows the relationship 

between feeding and receiving links so that the water flow 

can be traced from origin to destination.) 
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First, two nested loops are used to identify nodes that 

are connected to more than one link. The first loop indexes 

each node in the system. The second loop compares the link 

descriptors of every link in the system to the indexed node. 

When a link that is connected to the indexed node is 

discovered, a counter is incremented by one. Upon completion 

of the inner loop, if the counter is greater than one, the 

node number is stored in the first element of NODES and the 

corresponding element in CHECK is flagged with a one. 



Second, the access/egress nodes are identified and 

included in NODES. A loop indexes links so that NTYPE for 

each link descriptor can be checked for a negative value. (A 

negative NTYPE value indicates that the node is an 

access/egress node.) If NTYPE is negative and the node has 

not been used before (as indicated by CHECK), it is added to 

NODES and the corresponding element in CHECK is flagged with 

a one. Then the number of access/egress nodes are counted. 

When one is found, the corresponding element number for 

NODES is stored in EXTREF (exit reference). 

Third, the tributary data for each access/egress node 

are formed. A loop indexes each access/egress node in NODES. 

PATHS7 is called to identify links adjacent to the 

access/egress nodes. These links, known as 'from' links, 

(i.e. a link to which water is flowing) are stored in 

elements 2, 3, and 4 of NODES. Element 5 is given the value 

150 to indicate that the corresponding 'to' link leaves the 

system. (Here the 'to' link represents the main water 

supply.) Also, the number of each 'from' link is stored in 

LIST1. 

Fourth, a DO-WHILE loop is used to create the remaining 

tributary data. Another loop indexes each link in LIST1; 

these links become the Itol links for the new group of NODES 

tributary data. The indexed link in LIST1 is stored in 

REFLNK for reference. PATHS2 is called to identify the 

unused links attached to REFLNK. Then the node belonging to 
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REFLNK that is not attached to a previous tributary data 

group is found and stored in REFNOD; REFNOD is the node 

around which the next group of data is formed. A loop is 

used to find the NODES entry containing REFNOD. REFLNK is 

stored in element 5 of this NODES entry, and the links 

identified by PATHS2 are stored in locations 2, 3 and 4. 

These links are also flagged in CHEKIN and stored in LIST2. 

When every link in LISTl has become part of a new piece 

of tributary data, LISTl is cleared and LIST2 is copied into 

LIST1. The entire process is then repeated with the next set 

of newly found links. FLAG is set to one when all links have 

been found and all data groups have been formed (i.e. LIST2 

is empty), consequently terminating the DO-WHILE loop. 

Fifth, in the process of creating the data, some of the 

nodes originally included as possible centers of data may 

have become excluded from the system when various links were 

grouped with other nodes. Nodes excluded from the system are 

identified by looking for NODES entries having no 'to' link 

(i.e. element 5 in NODES equals zero) and deleted. When an 

entry is deleted, all successive NODES entries are shifted 

to fill the gap. The elements of NODES are also reorganized 

so that all 'from' links fill the first elements of NODES 

(2-4). Therefore, a group with only one 'from' link, will 

contain a zero in elements 3 and 4, and the 'from' link 

number in element 2. 
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Sixth, the tributary data is reorganized so that the 

'from' links precede all related 'to' links. The 

access/egress nodes are re-identified in NODES. CHECK is 

purged and then the corresponding element number for each 

access/egress node is stored in LISTl and flagged in CHECK. 

For each tributary group represented by the LISTl entries, 

the NODES information is copied to SRTIDX. Again, a DO-WHILE 

loop is used to reorganize the tributary data and a loop 

indexes each LISTl group. For each 'from' link in a LISTl 

group, a related and unused 'to' link group is found in 

NODES and copies to SRTIDX; its index is stored in LIST2, 

then another LISTl group is indexed. When all groups in 

LISTl have been used, LIST2 is copied into LISTl and the 

process is repeated. 

When all the groups have been ordered, LIST2 will be 

empty, FLAG will be set to one, and the DO-WHILE loop will 

terminate. 

Since SRTIDX is now organized so that the access/egress 

point are near the beginning of the list and all successive 

groups are near the end (i.e. opposite to what was needed), 

SRTIDX is copied in reverse order to TBTRY. However, only 

the 'from' and 'to' links are copied since the node numbers 

are not required by succeeding routines. Control then passes 

to the calling routine. 
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5.4.28 GROOP2 - A Routine to create Domestic and storm 

Sewer Tributary Data 

The variables used by GROUP2 are: 

~ NTYPE - The type of node: cul-de-sac, dead-end, 3-

* NODEl 

* NODE2 

* REFLNK 

* CHEKIN 

* REFNOD 

* REFLNK 

way, etc. If a node is an access/egress 

node, then NTYPE will initially have a 

negati~e value; later, when the 

access/egress points no longer need to be 

identified, the negative values are 

converted to positive values. 

- an array which holds the node of highest 

elevation for each link. 

- an array which holds the node of lowest 

elevation for each link. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at the 

link being test, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- keeps track of which links have been tested 

for connection to an access/egress point. 

- the node currently being referenced. 

- the link currently being referenced. 
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* CHONUM 

* CHOLNK 

* NUMPTH 

* PATHS 

* CHECK 

* LISTl-2 

* SRTIDX 

* SORT 

* NUMNOD 

* NODES 

- number of choices that were made in 

designing a particular system. 

- link numbers of links involved in each 

choice. 

- (index from 1 to CHONUM, 1-3) 

- 1 is the number of the link not chosen. 

- 2 is the number of the link chosen. 

- 3 is the number of the node at which the 

choice occurred. 

- number of possible path choices a test can 

follow. 

- a list of all possible path choices. 

- indicates which links are in the system 

being evaluated. 

- arrays for grouping the data together. 

- index into sort array. 

- an array for sorting the groups of data. 

- number of nodes involved in the system 

being evaluated. 

which nodes are in the system being 

evaluated. 

- (index from 1 to NUMNOD, 1-5) 

- 1 is the identity of the node around which 

the group is formed. 

- 2-4 are the 'from' or supply links. 

- 5 is the 'to' or receptor link. 
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* FLAG 

* NUMEXT 

flag to indicate when a sort cycle is 

finished. 

- number of subdivision exits in the system 

being evaluated. 
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* EXTREF - array holding indexes into each NODES group 

which is centered around an exit node. 

* NUMLNK - number of links in the system. 

* LINKS - links involved in the system. 

* TBTRY - tributary data returned to the calling 

routine. 

* L,Ll-3 - loop index variables. 

* X,Xl-X7, - miscellaneous variables. 

GROUP2 is used to create domestic and'storm sewer 

tributary data. (Tributary data show the relationship 

between feeding and receiving links so that the water flow 

can be traced from origin to destination.) 

First, two nested loops are used to identify nodes that 

are connected to more than one link. The first loop indexes 

each node in the system. The second loop compares the link 

descriptors of every link in the system to the indexed node. 

When a link that is connected to the indexed node is 

discovered, a counter is incremented by one. Upon completion 

of the inner loop, if the counter is greater than one, the 

node number is stored in the first element of NODES and the 

corresponding element in CHECK is flagged with a one. 



Second, the access/egress nodes are identified and 

included in NODES. A loop indexes links so that NTYPE for 

each link descriptor can be checked for a negative value. (A 

negative NTYPE value indicates that the node is an 

access/egress point.) If NTYPE is negative and the node has 

not been used before (as indicated by CHECK), it is added to 

NODES and the corresponding element in CHECK is flagged with 

a one. 
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Third, the tributary data is formulated for each NODES 

entry. A loop indexes the NODES entries and REFNOD is made 

equal to the node number contained in the indexed NODES 

entry. PATHS7 is called to identify all links adjacent to 

REFNOD. These links are stored in PATHS and are copied to 

elements 2-5 of the current NODES entry. If element 5 is 

zero (i.e. less than 4 links were identified by PATHS7), one 

link from elements 2-4 with a node elevation that is lower 

than the elevation of REFNOD is chosen and moved to element 

5 (i.e. the link chosen must have a NODE2 elevation that is 

lower than the REFNOD elevation to become a 'to' link or a 

link to which water will travel because water in the sewer 

system is conveyed by gravitational forces). The NODE2 

elevations of the remaining links in the elements 2-4 are 

also compared to the REFNOD elevation. If another valid link 

is found then OPTPTH is called so that the length of the 

path to an access/egress node for the current link and the 

link in element 5 can be determined. If the path associated 

with the current link is shorter than the path of the link 



in element 5, the two links switch places~ otherwise they 

stay where they are. 

When the optimum 'to' link is in place, the other 

dOw~sloping links are deleted from the 'from' positions 

(i.e. elements 2-4) These links actually represent different 

path choices, therefore the numbers of the link not chosen, 

the number of the link chosen, and the node at which the 

choice occurred are stored in CHOLNK. The remaining links in 
. 

elements 2-4 are reorganized so that all 'from' links fill 

the first elements of NODES (i.e. a group with only one 

'from' link will contain a zero in elements 3 and 4 and the 

'from' link number in element 2). The loop then returns to 

calculate the group data for the next NODES entry. 

Fourth, in the process of creating the data, some of 

the nodes originally included as possible centers of data 

may have become excluded from the system when various links 

were grouped with other nodes. The nodes excluded from the 

system are identified by looking for NODES entries having no 

'from' links (i.e. elements 2, 3, and 4 in nodes equal zero) 

and deleted. When an entry is deleted, all successive NODES 

entries are shifted to fill the gap. 

Fifth, the tributary data is reorganized so that the 

'from' links precede all related 'to' links. CHECK is 

purged. The access/egress nodes are identified in NODES and 

stored in EXTREF. The index number of the NODES entry in 

which the access/egress node occurred is placed into the 
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array LISTl, and flags are set in CHECK to indicate which 

NODES groups have been used. For each tributary group 

represented by the LISTl entries, the NODES information is 

copied to SRTIDX. A DO-WHILE loop is used to reorganize the 

tributary data and a loop indexes each LISTl group. For each 

'from' link in a LISTl group, a related and unused 'to' link 

group is found in NODES and copied to SRTIDX; its index is 

stored in LIST2. Then another LISTl group is indexed. When 

all the groups in LISTl have been used, LIST2 is copied into 

LISTl and the process is repeated. 

When all the groups have been ordered, LIST2 will be 

empty, FLAG will be set to one, and the DO-WHILE loop will 

terminate. 

Since SRTIDX is now organized so that the access/egress 

points are near the beginning of the list and all successive 

groups are near the end (i.e. opposite to what was needed), 

SRTIDX is copied in reverse order to TBTRY. However, only 

the 'from' and 'to' links are copied, since the node numbers 

are not required by succeeding routines. Control then passes 

to the calling program. 
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5.4.29 OPTPTH - A Routine to Determine the Lenqth of the 

Optimum Path to an Access/Eqress Point 

The variables used by OPTPTH are: 

* NTYPE - The type of node: cul-de-sac, dead-end, 3-

* NODEl 

* NODE2 

* CHEKIN 

* PCHIDX 

* POSCHN 

* CHNIDX 

* CHAINS 

way, etc. If a node is an access/egress 

node, then NTYPE will initially have a 

negative value~ later, when the 

access/egress points no lonqer need to be 

identified, the negative values are 

converted to positive values. 

- an array which holds the node of highest 

elevation for each link. 

- an array which holds the node of lowest 

elevation for each link. 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- index into POSCHN. 

- an array containing the links that might 

belong to the chain currently being 

developed. 

- index into CHAINS. 

- a two-dimensional array containing a list 

of chains and the links which make up each 

chain. A chain is a connected group of 
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* REFLNK 

* BRANUM 

* BRALNK 

* NUMPTH 

* PATHS 

* FLAGl 

* FLAG2 

* CHECK 

links. Any chain that leads to an 

access/egress point is identified by a one 

in the zeroth element of the array. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at the 

link being test, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- the number of branches (forks in the path) 

encountered during a given continuity test 

of a link. 

- an array holding the link number of the 

link which occurred before each branch. 

- number of possible paths which REFLNK can 

follow from a given link. 

- an array listing the link numbers of all 

possible paths. 

- if set to one, signifies an end to the 

continuity test of a given link. 

- if set to one, signifies that REFLNK should 

return to the most recently encountered 

branch and try another path. 

- marks off the links that are obviously part 

of the system. 
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* RESULT 

* LENGTH 

* OPTLEN 

* NSL 

* LINKS 

* L,Ll-3 

* X,Xl-2 

- indicates whether the current path choice 

has been tried before. If RESULT=O, the 

current path choice has not been tried. If 

RESULT=l, the current path choice has been 

tried before and choosing this path would 

result in the duplication of an existing 

chain. 

- the sum of the lengths of each individual 

link in a chain (m). 

- length of the optimum (shortest) path (m). 

- number of system links. 

- links involved in the system. 

- loop index variables. 

- miscellaneous variables. 
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OPTPTH determines the optimum (shortest) path from a 

given link (as referenced by REFLNK) along downsloping links 

to an access/egress point. 

The REFLNK pointer is moved in a manner that is similar 

to the method described in the continuity test section of 

IDDMSW. This routine considers downsloping links only when 

attempting to find a path to an access/egress point. Since 

easement links are a valid component of the domestic sewer 

system, PATHS4 is used to determine the possible path 

choices. Each time REFLNK points to a link, the link is 

stored in POSCHNi links are stored in the order they were 



pointed to. When a dead end or an access/egress point is 

encountered or when REFLNK has pointed to 50 links, the 

contents of POSCHN are copied into CHAINS. (A one is stored 

in the zeroth element of CHAINS if an access/egress point 

was encountered.) The elements in POSCHN are then erased up 

to the last branch, a new chain is begun, and the procedure 

repeats. When all branches have been taken (i.e. all chains 

have been found), the shortest chain capable of reaching an 

access/egress point is identified. 

A loop is used to step through the chains so that the 

chains ending in an access/egress point (i.e. the zeroth 

element equals one) may be found. Whenever such a chain is 

found, a second loop steps through the links in the chain 

and sums their lengths. The total length is stored in CRAINL 

in the element corresponding to the chain number. When the 

length of all chains ending in an access/egress point have 

been calculated, a loop is used to isolate the shortest 

chain. The procedure assumes that the first chain possesses 

the shortest length and stores the chain's number in X2. The 

length of each remaining chain is then compared to the 

length of chain X2. If a chain with a shorter length than 

chain X2 is discovered, the number of the shorter chain is 

stored in X2. When the loop ends, X2 identifies the shortest 

chain. The length of this chain is placed in OPTLEN and 

control returns to the calling program. 
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5.4.30 PATHS - overview 

Seven different but related routines with the generic 

description PATHSx, where X is a number from 1-7 are used. 

Each routine identifies nodes or links that are adjacent to 

a specified node or link. 

PATHS1 is called by ERRCHK. PATHS1 identifies all 

unused links that are adjacent to a specified link. 

PATHS2 is called by IDWATR, IDDMSW, GROUP1, and GROUP2. 

PATHS2 is very similar to PATHS1, because it also identifies 

all unused links that are adjacent to a specified link. 

-However, PATHS2 is limited to choosing links from a given 

set of links belonging to the subsystem (i.e. water and 

domestic sewer systems) being evaluated. 

PATHS3 is called by IDWATR. PATHS3 identifies all 

links adjacent to a specified link. PATHS3 ensures that 

chains are not duplicated. Easement links are not used. 

PATHS4 is called by IDDMSW and OPTPTH. PATHS4 is similar to 

PATHS3. However, PATHS4 considers the direction of flow and 

allows the use of easement links. 

PATHS5 is called by TAGPIT and IDDMSW. PATHS5 

identifies all nodes adjacent to a specified node. 

PATHS6 is called by FNDLOP. PATHS6 identifies links 

adjacent to a specified link. PATHS6 ensures chains are not 
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duplicated. However, chains are allowed to form a closed 

loop. Easement links are not used. 

PATHS7 is called by GROUP1 and GROUP2. PATHS7 

identifies links adjacent to a specified node. The links are 

chosen from a given set of links. 
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5.4.30 (a) PATHS 1 

Th~ variables used by PATHS1 are: 

* NLINK - number of links in the subdivision. 

'l~ NODE1 - an array which holds the node of highest 

* NODE2 

* CHEKIN 

* REFLNK 

* PATHS 

* L 

* X,Xl-4 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link (m). 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- an array listing the link numbers of all 

possible paths emanating from a specified 

link. 

- loop index. 

- miscellaneous variables. 

PATHSl identifies all unused links (as denoted by 

CHEKIN) that are adjacent to a specified link (REFLNK). A 
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loop compares the link descriptors (end nodes) of REFLNK 

with the link descriptors of all other links in the 

subdivision. When a link with the same end node as REFLNK is 

found, the corresponding element in CHECKIN is evaluated. If 

this element is zero, the link number is added to PATHS and 

NUMPTH is incremented. If the element is one, the link is 

ignored. Upon completion of the loop, PATHS and NUMPTH are 

returned to the calling routine. 
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5.4.30 (b) PATHS 2 

The variables used by PATHS2 are: 

* NLINK - number of links in the subdivision. 

* NODEl - an array which holds the node of highest 

* NODE2 

* CHEKIN 

* REFLNK 

* NUMPTH 

* PATHS 

* LINKS 

* NUMLNK 

* L 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link (m). 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFLNK (reference link) starts at the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- number of possible paths which REFLNK can 

follow from a given link. 

- an array listing the link numbers of all 

possible paths emanating from a specified 

link. 

- the links belonging to the subsystem being 

evaluated. (i.e., water and domestic sewer 

systems) 

- the number of links in the subsystem. 

- loop index. 
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* X,Xl-4 - miscellaneous variables. 

PATHS2 identifies all unused links (as denoted by 

CHEKIN) belonging to the subsystem being evaluated (water 

and domestic sewer systems), that are adjacent to a 

specified link (REFLNK). A loop compares the link 

descriptors (end nodes) of REFLNK with the link descriptors 

of every link in the subsystem. When a link with the same 

end node as REFLNK is found, the corresponding element in 

CHEKIN is evaluated. If this element is zero, the link 

number is added to PATHS and NUMPTH is incremented. If the 

element is one, the link is ignored. Upon completion of the 

loop, PATHS and NUMPTH are returned to the calling routine. 
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5.4.30 (c) PATHS3· 

Tre variables used by PATHS3 are: 

* NLINK - number of links in the subdivision. 

* NODE 1 - an array which holds the node of highest 

* NODE2 

* CHEKIN 

* ~FWK 

* PCHIDX 

* POSCHN 

* CHNIDX 

* CHAINS 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link em). 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. ~FWK (reference link) starts at the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- index into POSCHN. 

- an array containing the links possibly 

belonging to the chain currently being 

developed. 

- index into CHAINS. 

- a two-dimensional array containing a list 

of chains and the links which make up each 

chain. (A chain is a connected group of 

links.) Any chain that leads to an 
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* NUMPTH 

* PATHS 

* RESULT 

* WROAD 

* L 

* X,Xl-4 

access/egress point is identified with a 

one in the zeroth element of the array. 

- number of possible paths which REFLNK can 

follow from a given link. 

- an array listing the link number of all 

possible paths emanating from a specified 

link. 

- indicates whether the path choice to be 

made has been made before. If RESULT=O, the 

path choice has not been tried. If 

RESULT=l, the path has been tried. 

- an array containing the road width 

corresponding to each link. Values of zero 

indicate easement links (i.e. no road) (m). 

- loop index. 

- miscellaneous variables. 

PATHS3 identifies all unused links (as denoted by 

CHEKIN) that are adjacent to a specified link (REFLNK). 

PATHS3 ensures that chains are not duplicated and easement 

links are not used. A loop indexes all links in the 

subdivision. When the link descriptors of the indexed link 

match the link descriptors of REFLNK, and PCHIDX is less 

than 10, the indexed link is tested for chain duplication. 

This test begins by adding the indexed link to POSCHN, and 

then comparing the elements of POSCHN to the corresponding 

elements of every chains via two nested loops. When POSCHN 
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and CHAINS correspond exactly, RESULT is set to one to 

indicate that the indexed link should not_be used. RESULT is 

set to zero if POSCHN and CHAINS do not correspond exactly. 

In addition, the indexed link is added to PATHS and NUMPTH 

is incremented by one. Regardless of the value of RESULT, 

the indexed link is removed from POSCHN. Control then 

returns to the calling program. 
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5.4.30 (d) PATHS 4 

The variables used by PATHS4 are: 

* NLINK - number of links in the subdivision. 

* NODEl 

* NODE2 

* CHEKIN 

* PCHIDX 

* POSCHN 

* CHNIDX 

* CHAINS 

* ~FWK 

- an array which holds the node of highest 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link (m). 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- index into POSCHN. 

- an array containing the links possibly 

belonging to the chain currently being 

developed. 

- index into CHAINS. 

- a two-dimensional array containing a list 

of chains and the links which make up each 

chain. (A chain is a connected group of 

links.) Any chain that leads to an 

access/egress point is identified with a 

one in the zeroth element of the array. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. REFWK (reference link) starts at the 
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* NUMPTH 

* PATHS 

* RESULT 

* L 

* Xl-4 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- number of possible paths which REFLNK .can 

follow from a given link. 

- an array listing the link numbers of all 

possible paths emanating from a specified 

link. 
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- indicates whether the path choice to be 

made has been made before. If RESULT=O, the 

path choice has not been tried. If 

RESULT=l, the path has been tried. 

- loop index. 

- miscellaneous variables 

PATHS4 identifies links adjacent to a given link 

REFLNK. PATHS4 ensures that the links chosen do not 

duplicate existing chains and that they are downsloping 

relative to REFLNK. PATHS4 allows the use of easements. 

A loop indexes all links in the subdivision. The node 

with the lowest elevation of REFLNK is compared to the node 

with the highest elevation of the indexed link. If the node 

numbers are the same and PCHIDX is less than or equal to 10, 

the indexed link is tested for chain duplication. This test 

relies on two nested loops which compare the elements of 

POSCHN to the corresponding elements of CHAINS. When POSCHN 



and CHAINS correspond exactly, RESULT is set to one to 

indicate that the indexed link should not be used. RESULT is 

set to zero if POSCHN and CHAINS do not correspond exactly. 

In addition, the indexed link is added to PATHS and NUMPTH 

is incremented by one. Regardless of the value of RESULT, 

the indexed link is removed from POSCHN. Control then 

returns to the calling program. 
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5.4.30 (e) PATHS 5 

The variables used by PATHS5 are: 

* NLINK - number of links in the subdivision. 

* NODEl - an array which holds the node of highest 

* NODE2 

* NUMPTH 

* REFNOD 

* PATHS 

* L 

* Xl-4, 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link (m). 

- number of possible paths which REFLNK can 

follow from a given link. 

- node currently being referenced. 

- an array listing the node numbers of all 

possible path choices emanating from the 

specified node. 

- loop index. 

- miscellaneous variables. 

PATHS5 identifies all nodes adjacent to a given node, 

REFNOD. A loop indexes links in the subdivision so that the 

link descriptors of each link can be compared to REFNOD. 

When a match is detected, the node belonging to the indexed 

link and adjacent to REFNOD is added to PATHS and NUMPTH is 

incremented by one. Control then returns to the calling 

routine. 
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5.4.30 (f) PATHS 6 

The variables used by PATHS6 are: 

* NODEl - an array which holds the node of highest 

* NODE2 

* CHEKIN 

* ~FWK 

* NUMPTH 

* PATHS 

* LENGTH 

* PCHIDX 

* POSCHN 

elevation for each link em). 

- an array which holds the node of lowest 

elevation for each link em). 

- an array which keeps track of which links 

have been tested for a direct or indirect 

connection to an access/egress point. 

- a pointer to the link being evaluated by 

the test routine (testing for continuity 

with an access/egress point) at any given 

time. ~FWK (reference link) starts at the 

link being tested, and then moves along all 

possible paths in an attempt to reach an 

access/egress point. 

- number of possible paths which REFWK can 

follow from a given link. 

- an array listing the node numbers of all 

possible paths emanating from a specified 

link. 

- the sum of the lengths of each individual 

link in a chain em). 

- index into POSCHN. 

- possible chain currently being checked. 
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* CHNIDX 

+. CHAINS 

* RESULT 

* ENNODE 

* CSLEN 

* LLINK 

* WROAD 

* WLINKS 

* L 

* Xl,X2, 

- index into CHAINS. 

- a two-dimensional array containing a list 

of chains and the links which make up each 

chain. (A chain is a connected group of 

links.) Any chain that leads to an 

access/egress point is identified by a one 

in the zeroth element of the array. 

- indicates whether the current path choice 

has been tried before. 

- the last node in the chain; the node to 

which new links should be attached. 

- current shortest length (m). 

- link length (m). 

- an array containing the road width 

corresponding to each link in the 

subdivision (m). 

- links in the watermain system. 

- loop index. 

- miscellaneous variables. 

PATHS6 identifies links adjacent to a given link, 

REFLNK The links are chosen from the set of watermain 

links. PATHS6 ensures that chains are not duplicated and 

that previously used links are not used again unless the 

link forms a complete loop in POSCHN. (Loops are desirable 

for future Hardy Cross analysis.) 
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First, a loop is used to sum the lengths of the links 

in POSCHN. The total length is stored in LENGTH. Another 

loop indexes each link in the watermain system. Then the 

last node of the last link in POSCHN is identified. If 

POSCHN is just beginning then either end of the link in 

POSCHN can be considered to be the last node in the chain. 

The last node is then compared to the link descriptors of 

the indexed watermain link. 

If the indexed link is connected to the last node and 

if PCHIDX is less than 50 (the maximum length of the loop), 

and LENGTH is less than CSLEN, then the link is also tested 

for chain duplication. This test relies on two nested loops 

which compare the elements of POSCHN to the corresponding 

elements of CHAINS. When POSCHN and CHAINS correspond 

exactly, RESULT is set to one, otherwise RESULT equals zero. 

Additional tests on the indexed link ensure that RESULT=O, 

that the link hasn't been used before (CHEKIN=O), and that 

the link is not an easement (WROAD>O). If the indexed link 

passes all tests, it is added to PATHS and NUMPTH is 

incremented by one. 

If PCHIDX is greater than 2 (it takes three links to 

make a loop), the indexed link is tested for loop formation. 

(Since the first link would be marked as 'used' in CHEKIN, 

the remainder of this routine disregards the 'not used 

before' criteria.) A loop is formed when the first link in 

POSCHN is used twice and when the last link is attached to 
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the first link correctly (i.e. If the first link has nodes A 

and B, and B is the common node between the first and second 

links, then A must be the node that is common between the 

first and last links. If this were not the case, a loop 

could be formed where the first link is only attached to the 

loop by one node, rather than being a segment of the loop.) 

If a valid loop is formed, the indexed link is added to 

PATHS and NUMPTH is incremen~ed by one. 

When all links in the watermain system have been 

tested, control returns to the calling program. 

327 



5.4.30 (g) PATHS' 

The variables used by PATHS7 are: 

* NODE 1 - an array which holds the node of highest 

* NODE2 

* PATHS 

* REFNOD 

* NSL 

* LINKS 

* NUMPTH 

* PATHS 

* L 

* Xl,X2, 

elevation for each link (m). 

- an array which holds the node of lowest 

elevation for each link (m). 

- an array listing the link numbers of all 

possible paths. 

- node currently being referenced. 

- number of system links. 

- the links belonging to the subsystem being 

evaluated. 

- number of possible path choices emanating 

from the links associated with REFNOD. 

- an array listing the link numbers of all 

possible path choices emanating from the 

specified node. 

- loop index. 

- miscellaneous variables. 
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PATHS7 identifies links adjacent to a given node, 

REFNOD. The links are chosen only from the set of links 

defined by LINKS. A loop indexes links so that the link 

descriptors of each link can be compared to REFNOD. When a 

match is found, the indexed link is stored in PATHS and 

NUMPTh is incremented by one. Upon completion of the loop, 

control returns to the calling program. 
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5.4.31 SAC - A Routine to Calculate the Pavement Area of a 

Cul-de sac 

The variables used by SAC are: 

* ASAC 

* LEN 

* NODE1 

* CNODE 

* ACENOD 

* NODE2 

* ATTLIN 

* ACE LIN 

* WROAD 

* IRAD 

* RADIUS 

* CULSAC 

* TRP 

* LLINK 

* PRAO 

* K 

* Pl 

* P2 

- area of the road (m2). 

- length of the road (m). 

- origin node for the current link. 

- current node. 

- the access link node to the cul-de-sac. 

- destination node for the current link. 

- links associated with the specified node. 

- the access link to the cul-de-sac. 

- width of road of a given link (m). 

- island radius (m). 

- radius of the cul-de-sac or tube sac (m). 

- half of the cul-de-sac pavement area (m2). 

- the other half of the cul-de-sac pavement 

area not taking into account the island 

(m2 ) • 

- link length (m). 

- peak radius for obelisk island (m). 

- the height of the trapezoid that is assumed 

to represent half of an obelisk island (m). 

- is half of the island area of a circle 

island (m2). 

- area of the trapezoid (m2). 
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* WITH1 

- the radius of the cul-de-sac used to 

measure its pavement length (m). 

width of the link accessing the cul-de-sac 

(m) • 

The SAC routine calculates the cul-de-sac pavement 

area. The routine considers the access link and island 

within the cul-de-sac. 
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First the routine identifies the two nodes attached to 

the link leading to the cul-de-sac. This is done by checking 

to see if CNODE, which is the node of NTYPE equal to 1, is 

NODE1 of I, the current link passed from PAVEMENT. If so 

. ACENOD is NODE2(I), if not ACENOD is NODE1(I). 

Next SAC checks the ATTLIN of ACENOD. The ATTLIN that 

is not either equal to 0 or I becomes ACELIN. WITH1, becomes 

the WROAD of ACELIN, the access link to the cul-de-sac. 

The routine then starts the area calculations (see 

figure 8). SAC calculates the island radius: 

IRAD = RADIUS ( CNODE ) - WROAD ( I 

The dead-end area of the cul-de-sac 

CULSAC = 0.5 * [ACOS(-1.0)] * {[RADIUS(CNODE)]2_IRAD2} 

The entrance to the cul-de-sac. 

TRP = 0.5 * LLINK(I) * [2.0 * RADIUS(CNODE) + WITH1 ] 



The entrance of the cul-de-sac area is adjusted by 

Pl,P2 to consider an obelisk size island. If LLINK equals 0 

PRAD equals lRAD and the island is a circle. ANG is 

calculated as: 

ANG = ARCTAN [IRAD / LLINK (I)] * 2 

If ANG is greater than 90 degrees, PRAD = lRAD. If ANG is 

less than 90 PRAD is the value of 0.5 and K is calculated: 

K = LLINK(I) - LLINK (I) * PRAD / lRAD 

Pl = 0.5 * PI * PRAD2 

P2 = 0.5 * K * (2.0 * lRAD + 2.0 * PRAD ) 

ASAC = CULSAC + TRP + Pl + P2 

TV = lRAD + WROAD(I) / 2.0 

LEN = TV * PI + 2.0 * [LLINK(I)2 + TV2 ]1/2 

Control is then returned to PAVEMENT. 
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5.4.32 SSSDPTB - A Routine to Allocate storm Sewer 

Elevations to Nodes 

The variables used by SSSDPTH are: 

* ATTLIN - links associated with the specified node. 

* CLINK 

* CNODE 

* SSLINK 

* NODEl 

* NODE2 

* DPTHl 

* DPTH2 

* ELEV 

- current link. 

- current node in memory. 

- storm sewer elevation of a given link (m). 

- origin node of the current link. 

- destination node for the current link. 

- the depth of excavation at the origin node 

(m) • 

- the depth of excavation at the destination 

node (m). 

- ground elevation of the node (m). 

The SSSDPTH routine is called by the STORM routine to 

assign the correct elevation and excavation depths to the 

nodes for storm sewer pipe. CLINK, DPTH1, DPTH2 are the 

variables being passed to SSSDPTH. 

Each link associated with a certain node is checked to 

see if it is the CLINK being passed. If so then the 

elevation is calculated as being the ELEV-DPTH1. An 

identical calculation is performed for the destination and 

origin nodes. 
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5.4.33 SWTABLE - A Routine to Create the Sewer/watermain 

output Table 

The variables used by SWTABLE are: 

* YSEC - number of rows in each section of the link 

* XSEC 

* XSPA 

* MCOL 

* COL 

* LENGTH 

* I FRONT 

* PIPLEN 

* YTOTAL 

* NLINK 

* PIPE 

* LLINK 

* UCOST 

* TCOST 

* OIA 

description tables. 

- number of sections in the link description 

tables. 

- number of columns in each section of the 

link description tables. 

maximum number of columns in the link 

description tables. 

starting column for the link description 

tables. 

- length of the table section subheadings. 

- starting column for the table section 

subheadings. 

total subdivision sewer pipe length (m). 

- flag to indicate when a table line division 

should be printed. 

- number of links. 

- sewer pipe length per link (m). 

- link length (m). 

- sewer unit pipe cost. 

- sewer pipe cost per link. 

- sewer pipe diameter per link (mm). 
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The SWTABLE routine writes the domestic and storm 

sewer, watermain; pipe diameters, lengths and costs. This 

routine is called by the ANALYSIS routine. The routine first 

outputs the table format. Then each link is processed to 

determine PIPE, and TCOST. This is done by checking the OIA 

of each link. If OIA is greater than 0 then PIPE equals 

LLINK of the link and PIPELIN is incremented by LLINK. These 

results are output in the table. 
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5.4.34 TAGPIT - A Routine to Determine Whether a Node is a 

Pit with Inflows but no outflows 

The variables used by TAGPIT are: 

* NTYPE - the type of node: cul-de-sac, dead-end, 3-

* NODEl 

* NODE2 

* ELEV 

* NUMPTH 

* PATHS 

* PITFLG 

way, etc. If a node is an access/egress 

node, then NTYPE wili initially have a 

negative value; later, when the 

access/egress points no longer need to be 

identified, the negative values are 

converted to positive values. 

- an array which holds the node of highest 

elevation for each link. 

- an array which holds the node of lowest 

elevation for each link. 

- an array which holds the natural ground 

elevation of each node em). 

- number of possible paths leading from a 

specified link. 

- an array listing the link numbers of all 

possible paths. 

- indicates whether the specified node is a 

pit. PITFLG=O if the node is not a pit. 

PITFLG=l if the node is a pit. 
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TAGPIT determines whether the specified node, REFNOD, 

is a pit (i.e. a node that is lower than all surrounding 

nodes with inflows but no outflows). First, TAGPIT locates 

all nodes immediately adjacent to the specified node by 

calling PATHS5. These nodes are stored in the array PATHS. 

Then a loop is used to index these nodes so that their 

ground elevations may be compared with the reference node. 

When a node with a higher elevation than REFNOD is 

encountered, the number of paths (NUMPTH) is decremented by 

one. Upon completion of the loop, if NUMPTH equals zero, 

PITFLG is set to one indicating that the ground elevation of 

REFNOD is lower than all other immediately adjacent nodes. 

If NUMPTH is greater than zero, PITFLG is set to zero. 

Control then returns to the calling routine. 
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5.4.35 THREEWAY - A Routine to Identify the Threeway 

Intersection Locations and to Calculate their Extra Lengths 

for LIGHT 

The variables used by THREEWAY are: 

* EXRLEN - extra street length (m). 

* NTYPE - node type. 

* ORIGIN 

* DEST 

* LOPCON 

* CNODE 

* RATIO 

* LAST 

* BRANCH 

* CLINK 

* TROAD 

- the origin node of the sequence of nodes 

comprising a street. (One street may be 

composed of several links.) 

- the destination node of a sequence of nodes 

comprising a street. (One street may be 

composed of several links.) 

- loop controller. 

- current node. 

- the street length ratio. 

- the last link between two intersections or 

an intersection and a dead-end, or an 

intersection and a cul-de-sac in the 

current branch. 

- one of a number of links attached to the 

node. 

- current link. 

- type of road or street. 
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* PATH 

* ATTLIN 

* LAST 

* DIRECT 

* EXIT 

* CORWD 

* LINK 

* NODEl 

* NODE2 

- the links between two intersections or 

intersection and a dead-end, or an 

intersection and a cul-de-sac. 

- links associated with the specified node. 

- the last link between two intersections or 

intersection and a dead-end, or an 

intersection and a cul-de-sac. 

- indicates the origin or destination node of 

a current branch. 

- exit node. 

- corresponding road width (m). 

- destination or origin link. 

origin node for the current link. 

- destination node for the current link. 

The THREEWAY routine checks for the existence of 

threeway intersections at the various nodes. First THREEWAY 

identifies the node as CNODE and the number of threeway 

intersections at the node. The ORIGIN and DEST NTYPE's are 

checked to see if they are both of type 3. If so then LOPCON 

equals 2 and CNODE equals ORIGIN. If either ORIGIN and DEST 

NTYPE's are of type 3, LOPCON equals 1. If NTYPE(ORIGIN) 

equals 3 then CNODE equals the ORIGIN, NTYPE(DEST) equals 3 

then CNODE equals DEST. If neither DEST or ORIGIN have a 

NTYPE of 3 LOPCON equals o. 
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If LOPCON is 2 indicating that the street has two 

threeway intersections, CNODE equals DEST and RATIO equals 

0.5. If LOPCON is 1 then RATIO is 1.0. If LAST equals 1 and 

th~ NTYPE's of the ORIGIN and DEST nodes equal 3 or 4 then 

RATIO equals 0.5. The street length ratios are calculated 

and used in adjusting the street lengths by the appropriate 

fraction of the intersection. This is done for the 

appropriate light placements. 

THREEWAY identifies the origin and destination links 

for the calculation of the extra street lengths for street 

light allocation. If ORIGIN is not the same as DEST, CLINK 

is assigned the first link and then the last link that is a 

part of the PATH between ORIGIN and BRANCH. Then LINK is 

assigned to the ATTLIN of the CNODE equal to CLINK. If 

ORIGIN equals DEST and LOPCON equals 1 LINK is the first 

link that is a part of the PATH between ORIGIN and BRANCH. 

If LOPCON equals 0 LINK is the last link that is a part of 

the PATH between ORIGIN and BRANCH. 

Once LINK is assigned, DIRECT equals 1 if NODE1(LINK) 

equals CNODE. In other words the origin nodes of the LINK 

and the BRANCH passed from LIGHT are the same. If they are 

not the same then DIRECT equals 2. If EXIT(CNODE) equals 0 

then EXRLEN from the origin and/or destination nodes is: 

EXRLEN = EXRLEN + RATIO * CORWD (LINK, DIRECT) 
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The routine outputs ORIGIN, DEST, CNODE, LINK 

information and returns control to LIGHT. 
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5.4.36 TUBE - A Routine to Calculate the Pavement Area of 

the Tube-Sac 

The variables used by TUBE are: 

* PI 

* ASAC 

* ~N 
* IMD 

* ~ 

* LLINK 

* ADJWD 

* D 

* MDIUS 

* CNODE 

* ISLAND 

* WROAD 

- arc cosine of -1.0 (rad). 

- area of the road (m2). 

- length of the pavement in the tube-sac (m). 

- island radius (m). 

- link length in the tube taking into account 

the island width adjustments (m). 

- link length (m). 

- island width adjustments to the tube link 

length equivalent to CORWD (m). 

- island length (m). 

- radius at the end of the tube sac em). 

- current node. 

- area of the island (m2). 

width of road of a given link (m). 

The TUBE routine calculates the pavement area required 

for the tube-sacs in the subdivision. The routine first 

calculates the road length around the island and the length 

of the island itself. This is done by first specifying the 

minimum island radius as being equal to 0.5 meters. Then TV 

is calculated as being the LLINK minus the width of the road 

associated with the tube-sac entrance node. (See figure 9). 



Next TUBE calculates the 0, the island length. It is 

assumed that TV minus 0 is twice the RADIUS minus the IRAD. 

The island size is therefore the area of a rectangle and two 

semi-circles. 

ISLAND = (IRAD * PI)2 + 2.0 * IRAD * 0 

If the WROAD passed to TUBE is less than RADIUS: 

ASAC = 0.5 * RADIUS(CNODE) * PI2 + TV * WROAD - ISLAND. 

otherwise: 

ASAC = 0.S*RADIUS(CNODE)*PI2+TV*2*(WROAD+IRAD)-ISLAND. 

Finally LEN is calculated 

LEN = TV * 2.0 + RADIUS(CNODE)*PI 

The results are returned to PAVEMENT. 
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5.5 DESCRIPTION OF RACAM FUNCTIONS 

5.5.1 ARTIBA,ARITHP,ARITHF - FUnctions to Calculate the 

Arithmetic Gradient of Annual ,Present and Future Costs. 

Variables used by ARITHA are: 

* ARITHA - annual cost calculation using present Value 

* BASE 

* GRAD 

* INTRST 

* RATE 

* W 

* N 

concepts. 

- the capital amount to be adjusted by the 

present value factor and the rate. 

- growth factor, or gradient for annual 

costs. 

- interest rate used for present value 

calculations. 

- decimal rate of INTRST. 

- single payment compound amount factor. 

(SPCAF) 

- number of years. 

ARITHA, ARITHP and ARITHF are used to calculate 

annual,present and future costs of various subdivision 

elements, respectively. All three functions base their 

calculations on the growing perpetuity present value 

financial model. 

W = ( 1.0 + RATE )N 

ARITHA = BASE + GRAD * [ 1.0 / RATE - N / ( W - 1.0 ) ] 

ARITHF = GRAD/RATE*[(W-1.0)/RATE-N]+BASE*(W-l.0)/RATE 
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ARITHP = GRAD/RATE*[(W-l.O)/(RATE*W)-N/W]+BASE*(W-

1. 0) / (RATE*W) 
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5.5.2 ONFORM,ONFORM1,ONFORM2 - Functions that Calculate the 

Present, Annual and FUture Values of an Expenditure. 

The variables used by UNFORM(1,2) are: 

* RATE interest rate in decimal. 

* INTRST interest rate in percentage. 

* W - present value factor. 

* N - life of the project. 

* PWORTH - the capital amount to be adjusted by the 

present value factor and the rate. 

* AWORTH - the annual expenditure to be discounted 

back to present values. 

The UNFORM functions are called by the financial 

routines to calculate present and future values of 

expenditures and to calculate the annuity values for various 

expenditures and recurring costs. 

W = ( RATE +1.0 )N 

UNFORM = PWORTH * [ RATE * W / ( W - 1.0 )] 

UNFORMl = AWORTH * [( W - 1.0 ) / ( RATE * W )] 

UNFORM2 = PWORTH * ( 1.0 + RATE )N 
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APPENDIX A 

DATA ACQUISITION SHEETS 

This appendix contains data sheets used to compile data 

required for RACAM input data files. There are two sets of 

data sheets: those for the economic data, and those for the 

link and node data. 



APPENDIX A 

A.l 
A.l.l 

A.l.2 
A.l.3 
A.l.4 
A.LS 
A.L 6 
A.L 7 
A.LS 

A.l.9 
A.l.10 
A.l.ll 

A.l.12 

A.l.13 

A.2 
A.2.l 
A. 2.2 
A.2.3 
A.2.4 
A.2.S 
A. 2.6 

SAMPLE DATA ACQUISITION SHEETS 
Page 

ECONOMIC DATA SHEETS •••••••••••.•••• A-2 
INTEREST RATE AND SUBDIVISION 
LIFE •...•••••.•.••••••••..•....... A-2 
STREET REQUIREMENT UNIT COSTS ••••• A-3 
WATERMAIN UNITS COSTS ••••••••••••• A-4 
DOMESTIC SEWER UNIT COSTS ••••••••• A-S 
STORM SEWER UNIT COSTS ••••••••.••• A-S 
MANHOLE AND CATCHBASIN COSTS A-14 
CATCHBASIN LEAD UNIT COSTS ••••••• A-1S 
DWELLING AND MAINTENANCE UNIT 
COSTS .••••..••.•.•.•.••....•..... A-16 
RACAM CALIBRATION VALUES ••••••••• A-17 
ACCOUNT NAMES AND NUMBERS •••••••. A-1S 
ACCOUNT PERCENTAGES BY 
SUBDIVISION •••••••••••••••••••••• A-19 
MAINTENANCE COSTS BY SUBDIVISION 
ELEMENT •••••••••••••••••••••••••• A-21 
OPERATION COSTS BY SUBDIVISION 
ELEMENT •••••••••••••••••••••••••• A-2 3 

LINK AND NODE DATA SHEETS .•.•.•.•.. A-2S 
NODE DATA ••••••••••••••.••••••••• A-25 
LINK DATA I ••.•.•••........•.•... B-27 
LINK DATA II .•.........•... .; •...• B-29 
LINK DATA III ••...••.....•....... B-30 
LINK DATA IV ..•••...•••••.......• B-32 
SUBDIVISION AREAS ....•..•........ B-34 



SAMPLE DATA SHEETS Page A-2 

A.l ECONOMIC DATA SHEETS 

A.l.l SAMPLB DATA SHEET FOR INTEREST RATE AND SUBDIVISION 
LIFB 

INTEREST RATE AND SUBDIVISION LIFE 

SUBDIVISION: 

SHEET #: 

DATE: 

+-------------------------+--------------------------+ INTERES'l' RA'l'B SUBDIVISION LIFE 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
1-------------------------+--------------------------+ 
I· 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
1 1 1 

+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
1 1 1 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 
+-------------------------+--------------------------+ 



SAMPLE DATA SHEETS Page A-3 

A.l.2 SAMPLE DATA SHEBT POR STREET REQUIREMENT UNIT COSTS 

STREET REQUIREMENT UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

+----------------------------+-----------------------+ 
STREET REQUIREMENT UNIT COST 

+----------------------------+-----------------------+ 
STREET SIGN ($/SIGN) I 

+----------------------------+-----------------------+ 
STREET LIGHT ($/LIGHT) I 

+----------------------------+-----------------------+ 
PARK DEVELOPMENT ($/HECTARE) I 

+----------------------------+-----------------------+ 
BUFFER DEVELOPMENT ($/HECTARE) I 

+----------------------------+-----------------------+ 
COLLECTOR STREET I ($/m2 ) I 

+----------------------------+-----------------------+ 
LOCAL STREET I ($/m2 ) I 

+----------------------------+-----------------------+ 
SIDEWALK I ($/m2 ) I 

+----------------------------+-----------------------+ 
I BARRIER CURB & GUTTER I ($/m) I 
+----------------------------+-----------------------+ 
I ROLLED CURB & GUTTER I ($/m) I 
+----------------------------+-----------------------+ 

BOULEVARD CURB & GUTTER I ($/m) I 
+----------------------------+-----------------------+ 



SAMPLE DATA SHEETS Page A-4 

A.1.3 SAMPLE DATA SHEET FOR WATERMAIN UNIT COSTS 

WATERMAIN UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

+----------------+-----------------+-----------------+ 
I DIAMETER INDEX I DIAMETER RANGE I UNIT COST ($/m) I 
+----------------+-----------------+-----------------+ 
I 1 I 0 - 150 mm I I 
+---~------------+-----------------+-----------------+ 
I 2 I 151 - 200 mm I I 
+----------------+-----------------+-----------------+ 

3 I 201 - 250 mm I 
+----------------+-----------------+-----------------+ 

4 251 - 300 mm 
+---~------------+-----------------+-----------------+ 

5 I 301 - 400 mm 
+----------------+-----------------+-----------------+ 

6 . I 401 - 9999 mm 
+----~-----------+-----------------+-----------------+ 



SAMPLE DATA SHEETS Page A-5 

A.l.4 SAMPLE DATA SHEET FOR DOMESTIC SEWER UNIT COSTS 

DOMESTIC SEWER UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

+----------------+----------------+-----------------+ 
1* DIAMETER INDEX 1 * * DEPTH INDEX UNIT COST ($/m) 
+----------------+----------------+-----------------+ 

1 1 
+----------------+----------------+-----------------+ 

1 2 
+----------------+----------------+-----------------+ 

1 3 

+----------------+----------------+-----------------+ 
1 1 1 4 1 I 
+----------------+----------------+-----------------+ 

1 5 
+----------------+----------------+-----------------+ 

1 6 
+----------------+----------------+-----------------+ 

1 7 

+----------------+----------------+-----------------+ 
1 8 

+----------------+----------------+-----------------+ 
1 1 1 9 1 1 
+----------------+----------------+-----------------+ 

2 1 
+----------------+----------------+-----------------+ 

2 2 
+----------------+----------------+-----------------+ 

2 3 
+----------------+----------------+-----------------+ 

2 4 
+----------------+----------------+-----------------+ 

2 5 
+----------------+----------------+-----------------+ 

2 6 
+----------------+----------------+-----------------+ 

2 7 
+----------------+----------------+-----------------+ 

2 8 
+----------------+----------------+-----------------+ 

2 9 
+----------------+----------------+-----------------+ 



SAMPLE DATA SHEETS Page A-6 

+----------------+----------------+-----------------+ 
3 1 

+----------------+----------------+-----------------+ 
3 2 

+----------------+----------------+-----------------+ 
3 3 

+----------------+----------------+-----------------+ 
3 4 

+----------------+----------------+-----------------+ 
3 5 

+~---------------+----------------+-----------------+ 
3 6 

+----------------+----------------+-----------------+ 
3 7 

+----------------+----------------+-----------------+ 
3 8 

+----------------+----------------+-----------------+ 
3 9 

+----------------+----------------+-----------------+ 
4 1 

+----------------+----------------+-----------------+ 
I _ 4 2 
+----------------+----------------+-----------------+ 

4 3 
+----------------+----------------+-----------------+ 

4 4 
+----------------+----------------+-----------------+ 

4 I 5 I I 
+----------------+----------------+-----------------+ 
I 4 I 6 I I 
+----------------+----------------+-----------------+ 

4 7 
+----------------+----------------+-----------------+ 

4 8 
+----------------+----------------+-----------------+ 

4 9 
+----------------+----------------+-----------------+ 

5 1 
+----------------+----------------+-----------------+ 

5 2 
+----------------+----------------+-----------------+ 

5 3 
+----------------+----------------+-----------------+ 

5 4 
+----------------+----------------+-----------------+ 

5 5 

+----------------+-----~----------+-----------------+ 
5 6 

+--~-------------+----------------+-----------------+ 
5 7 

+----------------+----------------+-----------------+ 



SAMPLE DATA SHEETS Page A-7 

+----------------+----------------+-----------------+ 
581 

+----------------+----------------+-----------------+ 
5 9 I 

+----------------+----------------+-----------------+ 
* DIAMETER INDEX DIAMETER RANGE 

1 o - 200 DUD 
2 201 - 250 DUD 
3 251 - 300 DUD 
4 301 - 375 DUD 
5 greater than 375 DUD 

** DEPTH INDEX DEPTH RANGE 
1 0 - 3.0 m 
2 3.1 - 3.5 m 
3 3.6 - 4.0 m 
4 4.1 - 4.5 m 
5 4.6 - 5.0 m 
6 5.1 - 5.5 m 
7 5.6 - 6.0 m 
8 6.1 - 6.5 om 
9 Out of Bounds 



SAMPLE DATA SHEETS Page A-a 

A.l.S SAMPLB DATA SHEBT FOR STORM SEWER UNIT COSTS 

STORM SEWER UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

------------------+--------------------+-----------------+ 
1* DIAMETER INDEX ** DEPl'H INDEX UNIT COST ($/m) 

+-----------------+--------------------+-----------------+ 
1 1 

+-----------------+--------------------+-----------------+ 
1 2 

+-----------------+--------------------+-----------------+ 
1 3 

+-----------------+--------------------+-----------------+ 
1 1 1 4 1 I 

+-----------------+--------------------+-----------------+ 
1 5 

+-----------------+--------------------+-----------------+ 
1 6 

+-----------------+--------------------+-----------------+ 
1 7 

+-----------------+--------------------+-----------------+ 
1 a 

+-----------------+--------------------+-----------------+ 
1 9 

+-----------------+--------------------+-----------------+ 
2 1 

+-----------------+--------------------+-----------------+ 
2 2 

+-----------------+--------------------+-----------------+ 
2 3 

+-----------------+--------------------+-----------------+ 
2 4 

+-----------------+--------------------+-----------------+ 
2 5 

+-----------------+--------------------+-----------------+ 
2 6 

+-----------------+--------------------+-----------------+ 
2 7 

+-----------------+--------------------+-----------------+ 
2 8 

+-----------------+--------------------+-----------------+ 
2 9 

+-----------------+--------------------+-----------------+ 
3 1 

+-----------------+--------------------+-----------------+ 



SAMPLE DATA SHEETS Page A-9 

+-----------------+--------------------+-----------------+ 
3 2 

+-----------------+--------------------+-----------------+ 
3 3 

+-----------------+--------------------+-----------------+ 
3 4 

+-----------------+--------------------+-----------------+ 
3 5 

~+-----------------+--------------------+-----------------+ 
3 6 

+-----------------+--------------------+-----------------+ 
3 7 

+-----------------+--------------------+-----------------+ 
I 3 I 8 

+-----------------+--------------------+-----------------+ 
I 3 I 9 I I 
+-----------------+--------------------+-----------------+ 

4 1 

+-----------------+--------------------+-----------------+ 
4 2 

+-----------------+--------------------+-----------------+ 
I 4 I 3 I I 
+-----------------+--------------------+-----------------+ 
I 4 I 4 I I 
+-----------------+--------------------+----------------~+ 
I 4 I 5 I I 
+-----------------+--------------------+-----------------+ 
I 4 I 6 I I 
+-----------------+--------------------+-----------------+ 

4 7 

+-----------------+-----------~--------+-----------------+ 
4 8 

+-----------------+--------------------+-----------------+ 
4 9 

+-----------------+--------------------+-----------------+ 
5 1 

+-----------------+--------------------+-----------------+ 
5 2 

+-----------------+--------------------+-----------------+ 
5 3 

+-----------------+--------------------+-----------------+ 
5 4 

+-----------------+--------------------+-------------~---+ 
5 5 

+-----------------+--------------------+-----------------+ 
5 6 I 

+-----------------+--------------------+-----------------+ 
5 7 

+-----------------+--------------------+-----------------+ 
5 8 

+-----------------+--------------------+-----------------+ 



SAMPLE DATA SHEETS Page A-10 

+-----------------+--------------------+-----------------+ 
I 5 I 9 I I 
+--------~-------.+--------------------+-----------------+ 

6 1 

+-----------------+--------------------+--------~--------+ 
6 2 

+-----------------+--------------------+-----------------+ 
6 3 

+-----------------+--------------------+-----------------+ 
6 4 

+-----------------+--------------------+-----------------+ 
6 5 

+-----------------+--------------------+-----------------+ 
6 6 

+------~----------+--------------------+-----------------+ 
6 7 

+-----------------+--------------------+-----------------+ 
6 8 

+-----------------+--------------------+-----------------+ 
I 6 I 9 I I 
+-----------------+--------------------+-----------------+ 
I - -7 1 

+-----------------+--------------------+-----------------+ 
7 2 

+-----------------+--------------------+-----------------+ 
7 3 

+-----------------+-~------------------+-----------------+ 
7 4 

+-----------------+--------------------+-----------------+ 
7 5 

+-----------------+--------------------+-----------------+ 
7 6 

+-----------------+--------------------+-----------------+ 
7 7 

+-----------------+--------------------+-----------------+ 
7 8 

+-----------------+--------------------+-----------------+ 
7 9 

+-----------------+--------------------+-----------------+ 
8 1 I . +-----------------+--------------------+-----------------+ 
8 2 

+-----------------+--------------------+-----------------+ 
8 3 

+-----------------+--------------------+-----------------+ 
8 4 

+-----------------+--------------------+-----------------+ 
8 5 

+-----------------+--------------------+-----------------+ 
8 6 

+-----------------+-----~--------------+-----------------+ 



SAMPLE DATA SHEETS Page A-ll 

+-----------------+--------------------+-----------------+ 
8 7 

+-----------------+--------------------+-----------------+ 
8 8 

+-----------------+--------------------+-----------------+ 
8 9 

+-----------------+--------------------+-----------------+ 
9 1 

+-----------------+--------------------+-----------------+ 
9 2 

+-----------------+--------------------+-----------------+ 
9 3 

+-----------------+--------------------+-----------------+ 
9 4 

+-----------------+--------------------+-----------------+ 
9 5 

+-----------------+--------------------+-----------------+ 
9 6 

+-----------------+--------------------+-----------------+ 
9 7 

+-----------------+--------------------+-----------------+ 
9 8 

+-----------------+--------------------+-----------------+ 
9 9 

+-----------------+--------------------+-----------------+ 
10 1 

+-----------------+--------------------+-----------------+ 
10 2 

+-----------------+--------------------+-----------------+ 
10 3 

+-----------------+--------------------+-----------------+ 
10 4 

+-----------------+--------------------+-----------------+ 
10 5 

+-----------------+--------------------+-----------------+ 
10 6 

+-----------------+--------------------+-----------------+ 
10 7 

+-----------------+--------------------+-----------------+ 
10 8 

+-----------------+--------------------+-----------------+ 
10 9 

+-----------------+--------------------+-----------------+ 
11 1 

+---~-------------+--------------------+------~----------+ 
11 2 

+-----------------+--------------------+-----------------+ 
11 3 

+-----------------+--------------------+-----------------+ 
11 4 

+-----------------+--------------------+-----------------+ 
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+--.. --------------+--------------------+-----------------+ 
I 11 I 5 I I 
+--_._----..,.--------+--------------------+-----------------+ 
I 11 I 6 I I 
+-----------------+--------------------+-----------------+ 

11 7 

+-----------------+--------------------+-----------------+ 
11 8 

+-----------------+--------------------+-----------------+ 
11 9 

+-----------------+--------------------+-----------------+ 
I 12 I 1 I I 
+-----------------+--------------------+-----------------+ 

12 2 

+-----------------+------~-------------+-----------------+ 
12 3 

+-----------------+------~-------------+-----------------+ 
12 4 

+-----------------+--------------------+-----------------+ 
I 12 I 5 I I 
+-----------------+--------------------+-----------------+ 

12 6 
+-----------------+--------------------+-----------------+ 

12 7 
+-----------------+--------------------+-----------------+ 

12 8 I 
+-----------------+--------------------+-----------------+ 
I 12 I 9 I I 
+-----------------+--------------------+-----------------+ 
I 13 I 1 I I 
+-----------------+--------------------+-----------------+ 

13 2 
+-----------------+--------------------+-----------------+ 

13 3 
+-----------------+--------------------+-----------------+ 

13 4 
+-----------------+--------------------+-----------------+ 

13 5 
+-----------------+--------------------+-----------------+ 

13 6 
+-----------------+--------------------+-----------------+ 

13 7 
+-----------------+--------------------+-----------------+ 

13 8 
+-----------------+--------------------+-----------------+ 

13 9 
+-----------------+--------------------+-----------------+ 

14 1 

+--~--------------+--------------------+-----------------+ 
14 2 

+-----------------+--------------------+-----------------+ 
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+---------~-------+--------------------+-----------------+ 
14 I 3 

+-----~-----------+------------~-------+---~-------------+ 
14 I 4 

+-----------------+--------------------+-----------------+ 
14 5 

+-----------------+--------------------+-----------------+ 
.I 14 6 I 
+-----------------+--------------------+-----------------+ 

14 I 7 I 
+-----------------+--------------------+-----------------+ 

14 I 8 
+-----------------+--------------------+-----------------+ 

14 9 
+-----------------+--------------------+-----------------+ 
* DIAMETER INDEX DIAMETER RANGE 

1 0 - 300 mm 
2 301 - 375 mm 
3 376 - 450 mm 
4 451 - 525 mm 
5 526 - 600 mm 
6 601 - 675 mm 
7 676 - 750 mm 
8 751 - 900 mm 
9 901 - 1050 mm 

10 1051 - 1200 nun 
11 1201 - 1350 mm 
12 1351 - 1500 mm 
13 1501 - 1650 mm 
14 1651 - 1800 mm 

** DEPTH INDEX DEPTH RANGE 

1 o - 3.0 m 
2 3.1 - 3.5 m 
3 3.6 - 4.0 m 
4 4.1 - 4.5 Jtl 
5 4.6 - 5.0 JIl 
6 5.1 - 5.5 m 
7 5.6 - 6.0 m 
8 6.1 - 6.5 m 
9 Out of Bounds 
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A.l.6 SAMPLE DATA SHEET FOR MANHOLE AND CATCHBASIN UNIT 

COSTS 

MANHOLE AND CATCHBASIN UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

+-----------------~----------------+-----------------------+ 
MANHOLE OR CATCHBASIN I UNIT COST 

+------~---------------------------+-----------------------+ I MANHOLE BASE,COVER,RISER,FRAME I ($/MANHOLE) I 
+----------------------------------+-----------------------+ 
I MANHOLE SHAFT I ($/m-DEPTH) I 
+----------------------------------+-----------------------+ 
I CATCHBASIN FRAME, COVER I ($/CATCHBASIN) I 
+----------------------------------+-----------------------+ 
I CATCHBASIN SHAFT ($/m-DEPTH) I 
+----------------------------------+-----------------------+ 
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A.1.7 SAMPLE DATA SHEET FOR CATCHBASIN LEAD UNIT COSTS 

CATCHBASIN LEAD UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

+----------------+-----------------+-----------------+ 
DEPTH INDEX DEPTH RANGE I UNIT COST ($/m) I 

+----------------+-----------------+-----------------+ 
I 1 0.0 - 3.0 em 
+----------------+-----------------+-----------------+ 
I 2 3.1 - 3.5 em 
+----------------+-----------------+-----------------+ 
I 3 3.6 - 4.0 em 
+----------------+-----------------+-----------------+ 

4 4.1 - 4.5 em I 
+----------------+-----------------+-----------------+ 

5 4.6 - 5.0 em I 
+----------------+-----------------+-----------------+ 
I 6 5.1 - 5.5 em 
+----------------+-----------------+-----------------+ 
I 7 5.6 - 6.0 em 
+----------------+-----------------+-----------------+ 

8 6.1 - 6.5 em 
+----------------+-----------------+-----------------+ 
I 9 lout of Bounds I I 
+----------------+-----~-----------+-----------------+ 
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A.1.8 SAMPLE DATA SHEET FOR DWELLING AND MAINTENANCE UNIT 

COSTS 

DWELLING AND MAINTENANCE UNIT COSTS 

SUBDIVISION: 

SHEET #: 

DATE: 

+------------------------------+---------------------------+ 
DWELLING OR MAXNTENANCB I UNIT COST 

+------------------------------+---------------------------+ I POWER-SINGLE FAMILY UNIT I ($/UNIT) I 
+------------------------------+---------------------------+ I POWER-MULTI FAMILY UNIT ($/UNIT) I 
+------------------------------+---------------------------+ 

GAS-SINGLE FAMILY UNIT ($/UNIT) I 
+------------------------------+---------------------------+ I GAS-MULTI FAMILY UNIT ($/UNIT) I 
+------------------------------+---------------------------+ I PHONE-SINGLE FAMILY UNIT ($/UNIT) I 
+------------------------------+---------------------------+ 

PHONE-MULTI FAMILY UNIT I ($/UNIT) I 
+------------------------------+---------------------------+ 
I STREET SWEEPING I ($/Km/YR) I 
+------------------------------+---------------------------+ I WINTER ROAD MAINTENANCE I ($/Km/YR) I 
+----------------~-------------+---------------------------+ 

ASPHALT MAINTENANCE I ($/Km/YR) I 
+------------------------------+---------------------------+ I CONCRETE MAINTENANCE ($/Km/YR) I 
+------------------------------+---------------------------+ I SEWER MAINTENANCE I ($/Km/YR) I 
+------------------------------+---------------------------+ 

WATER DISTRIBUTION I ($/Km/YR) I 
+------------------------------+---------------------------+ SOLID WASTE COLLECTION I ($/HECTARE/YR) I 
+------------------------------+---------------------------+ STREET LIGHT MAINTENANCE I ($/LIGHT/YR) . I 
+------------------------------+---------------------------+ PARK & BUFFER MAINTENANCE ($/HECTARE/YR) I 
+------------------------------+---------------------------+ 
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A. 1. 9 SAMPLE DATA SHEET FOR RACAK CALIBRATION VALUES 

RACAM CALIBRATION VALUES 

SUBDIVISION: 

SHEET #: 

DATE: 

+------------------------------+---------------------------+ 
CONSTAN'l' * VALUE +------------------------------+---------------------------+ 

I POPULATION DENSITY I (PEOPLE/UNIT) I 
+------------------------------+---------------------------+ 
I WATERMAIN MINIMUM VELOCITY I (m/s) I 
+------------------------------+---------------------------+ 
I MANNING'S ROUGHNESS I 
+------------------------------+---------------------------+ 
I DOMESTIC WATER USE I (m3/PERSON/DAY) . I 
+------------------------------+---------------------------+ 
I WATER USE SAFETY FACTOR 
+------------------------------+---------------------------+ 
I DOMESTIC SEWER COVER DEPTH (m") I 
+------------------------------+---------------------------+ 
I DOMESTIC SEWER MIN. VELOCITY I (m/s) I 
+------------------------------+---------------------------+ 
I DOMESTIC SEWER MAX. VELOCITY I (m/s) I 
+------------------------------+---------------------------+ I STORM SEWER COVER DEPTH (m) I 
+------------------------------+---------------------------+ 
I STORM SEWER MIN. VELOCITY I (m/s) I 
+------------------------------+---------------------------+ 
I STORM SEWER MAX. VELOCITY I (m/s) I 
+------------------------------+---------------------------+ 
I MANHOLE SPACING (m) I 
+------------------------------+---------------------------+ 
I STREET LIGHT SPACING (m) I 
+------------------------------+---------------------------+ 
Note: Entering "0.0" for any of these values will cause 

default values to be assumed. 
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A.l.IO SAMPLE DATA SHEET FOR ACCOUNT NAMES AND NUMBERS 

ACCOUNT NAMES AND NUMBERS 

SUBDIVISION: 

SHEET #: 

DATE: 

+----------------------+-----------------------------------+ 
*ACCOtJN'1' • **ACCOtJN'1' NAME 

+----------------------+-----------------------------------+ 
----------------------+-----------------------------------+ 

+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+----------------------------------~+ 

+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
+----------------------+-----------------------------------+ 
* MAY 
** MAY 

BE UP TO 
BE UP TO 

12 CHARACTERS IN 
35 CHARACTERS 

LENGTH 
IN LENGTH 
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A.l.ll SAMPLE DATA SHEET FOR ACCOUNT PERCENTAGES BY 

SUBDIVISION 

ACCOUNT PERCENTAGES BY SUBDIVISION ELEMENT 

SUBDIVISION: 

SHEET #: 

DATE: 

+---------------+---------------+-------------+------------+ 
*ELBKBNT • OF ACCOUNTS ACCOUNT • PERCENTAGE 

+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 

I • 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 
+---------------+---------------+-------------+------------+ 

f 

+---------------+---------------+-------------+------------+ 
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* ENTER SUBDIVISION ELEMENTS AND THEIR RESPECTIVE ACCOUNT 
DATA IN THE FOLLOWING ORDER: 

1. WATERMAIN 12. MANHOLE 
2. DOMESTIC SEWER 13. STREET LIGHT 
3. STORM SEWER 14. STREET SIGN 
4. PAVEMENT 15. TRAFFIC SIGN 
5. SIDEWALK 16. GAS - SINGLE-FAMILY 
6. BARRIER CURB AND GUTTER 17. POWER - SINGLE-FAMILY 
7. ROLLED CURB AND GUTTER 18. PHONE - SINGLE-FAMILY 
8. BOULEVARD CURB AND GUTTER 19. GAS - MULTI-FAMILY 
9. PARK DEVELOPMENT 20. POWER - MULTI-FAMILY 
10. BUFFER DEVELOPMENT 21. PHONE-MULTI-FAMILY 
11. CATCHBASIN 
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A.l.12 SAMPLE DATA SKEET FOR MAINTENANCE COSTS BY 

SUBDIVISION BLBKENT 

MAINTENANCE COSTS BY SUBDIVISION ELEMENT 

SUBDIVISION: 

SHEET #: 

DATE: 

+-----------+-----------+----------+-----------+~----------+ 
ELEMENT # COST GRADIENT INTEREST LIFE 

+-----------+-----------+----------+-----------+-----------+ 
1 

+-----------+-----------+----------+-----------+~----------+ 
2 

+-----------+-----------+----------+-----------+-----------+ 
3 

+-----------+-----------+----------+-----------+-----------+ 
4 

+-----------+-----------+----------+-----------+-----------+ 
5 

+-----------+-----------+----------+-----------+-----------+ 
6 

+-----------+-----------+----------+-----------+-----------+ 
7 

+-----------+-----------+----------+-----------+-----------+ 
8 

+-----------+-----------+----------+~----------+-----------+ 
9 

+-----------+-----------+----------+-----------+-----------+ 
10 

+-----------+--------~--+----------+-----------+-----------+ 
11 

+-----------+-----------+----------+-----------+-----------+ 
12 

+-----------+-----------+----------+-----------+-----------+ 
13 

+-----------+-----------+----------+-----------+-----------+ 
14 

+-----------+-----------+----------+-----------+-----------+ 
15 .1 +-----------+-----------+----------+-----------+-----------+ 
16 

+-----------+-----------+----------+-----------+-----------+ 
17 

+-----------+-----------+----------+-----------+-----------+ 
18 

+-----------+-----------+----------+-----------+-----------+ 
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+-----------+-----------+----------+-----------+-----------+ 
I 19 I I I I I 
+-----------+-----------+----------+-----------+-----------+ 

20 
+-----------+-----------+----------+-----------+-----------+ 

21 
+-----------+-----------+----------+-----------+-----------+ 
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A.1.13 SAMPLE DATA SHEET FOR OPERATION COSTS BY SUBDIVISION 

ELEMENT 

OPERATION COSTS BY SUBDIVISION ELEMENT 

SUBDIVISION: 

SHEET #: 

DATE: 

+-----------+-----------+----------+-----------+-----------+ 
ELEMENT # COST GRADIENT INTEREST LIFE 

+-----------+-----------+----------+-----------+-----------+ 
1 

+-----------+-----------+----------+-----------+-----------+ 
2 

+-----------+-----------+----------+-----------+-----------+ 
3 

+-----------+-----------+----------+-----------+-----------+ 
4 

+-----------+-----------+----------+-----------+-----------+ 
5 

+-----------+-----------+----------+-----------+-----------+ 
6 I 

+-----------+-----------+----------+-----------+-----------+ 
I 7 I I I I I 
+-----------+-----------+----------+-----------+-----------+ 
I 8 I I I I I 
+-----------+-----------+----------+-----------+-----------+ 

9 
+-----------+-----------+----------+-----------+-----------+ 

10 
+-----------+-----------+----------+-----------+-----------+ 

11 
+-----------+-----------+----------+-----------+-----------+ 

12 
+-----------+-----------+----------+-----------+-----------+ 

13 
+-----------+-----------+----------+-----------+-----------+ 

14 
+-----------+-----------+----------+-----------+-----------+ 

.15 .1 
+-----------+-----------+----------+-----------+-----------+ 

16 
+-----------+-----------+-----~----+-----------+-----------+ 

17 
I +-----------+-----------+----------+-----------+-----------+ 
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+-----------+-----------+----------+-----------+-----------+ 
I 18 I I I I I 
+--------~--+-----------+----------+-----------+-----------+ 

19 

+-----------+-----------+----------+-----------+-----------+ 
20 

+-----------+-----------+----------+-----------+-----------+ 
21 

+-----------+-----------+----------+-----------+-----------+ 
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A.2 LINK AND NODE DATA SHEETS 

A.2.1 SAMPLE DATA SHEET FOR NODE DATA 

NODE DATA 

SUBDIVISION: 

SHEET #: 

DATE: 
+-------------------+--------------------+-----------------+ 

* NODE TYPE NODE ELEVATION RADIUS 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
I I I I 
+-------------------+--------------------+-----------------+ 
I I I I 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
+-------------------+--------------------+-----------------+ 
I I 
+-------------------+--------------------+-----------------+ 

( 
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* NODE TYPE 

1 
2 
3 
4 
5 

INTERSECTION 

TERMINAL 
DIRECTIONAL 
3-WAY STREET INTERSECTION 
4-WAY STREET INTERSECTION 
OTHER 

Page A-26 

ENTER A MINUS SIGN ("-")IN FRONT OF THE NODE TYPE FOR 
SUBDIVISION ACCESS NODES 
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A. 2.2 SAMPLE DATA SHEET POR LINK DATA I 

LINK DATA I 

SUBDIVISION: 

SHEET #: 

DATE: 

+--------+-------+--------+--------+-------+------+--------+ 
ORIGIN DEST. LENG'l'B SINGLE KULTI AREA I'RN'l'GE 

+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
I I I I I I I I +--------+-------+--------+--------+-------+------+--------+ 

I • 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
I I I I I I I I +--------+-------+--------+--------+-------+------+--------+ 
+-------~+-------+--------+--------+-------+------+--------+ 

+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 
+--------+-------+--------+--------+-------+------+--------+ 



SAMPLE DATA SHEETS 

NOTl:; 
ORIGIN = LINK ORIGIN NODE 
DEST. a LINK DESTINATION NODE 
LENGTH = LINK LENGTH 
SINGLE = # OF SINGLE-FAMILY DWELLINGS ON LINK 
MULTI = # OF MULTI-FAMILY DWELLINGS ON LINK 
AREA = DRAINAGE AREA FOR LINK 
FRNTGE = LINK FRONTAGE 

Page A-28 
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A.2.3 SAMPLE DATA SHEET FOR LINK DATA II 

LINK DATA II 

SUBDIVISION: 

SHEET #: 

DATE: 

+------------------+-------------~-----+-------------------+ 
ROAD LENGTH ROAD WIDTH ROAD 'l'YPE 

+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+---------------~--+-------------------+-------------------+ 

+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
1------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
+------------------+-------------------+-------------------+ 
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A.2.4 SAMPLE DATA SHEET FOR LINK DATA III 

LINK DATA III 

SUBDIVISION: 

SHEET #: 

DATE: 

+---------~-----+---------------+--------------+-----------+ 
SIDEWALK WOTH BARRIER LNGTK ROLLED LNGTK BLVD LNGTKI 

+---------------+---------------+--------------+-----------+ 
+---------------+---------------+--------------+-----------+ 
+---------~-----+---------------+--------------+-----------+ 

+---------------+---------------+--------------+-----------+ 
+~--------------+---------------+--------------+-----------+ 

+---------------+---------------+--------------+-----------+ 
+---------------+---------------+--------------+-----------+ 
+---------------+---------------+--------------+-----------+ 
+---------------+---------------+--------------+-----------+ 
+--~------------+------~--------+--------------+-~---------+ 

+---------------+---------------+--------------+-----------+ 
+---------------+---------------+--------------+-~---------+ 

+---------------+---------------+---~----------+-----------+ 

+---------------+---------------+--------------+-----------+ . I 
+----------------+---------------+--------------+-----------+ 
+---------------+------~--------+--------------+-----------+ 

+---------------+---------------+--------------+-~---------+ 

+---------------+------~--------+---~----------+-----------+ 

+---------------+------~--------+--------------+-~---------+ 

+---------------+------~--------+--------------+-----------+ 
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NOTE: 
SIDEWALK WDTH = WIDTH OF SIDEWALK FOR LINK 
BARRIER LNGTH = LENGTH OF BARRIER CURB AND GUTTER FOR 

LINK 
ROLLED LNGTH = LENGTH OF ROLLED CURB AND GUTTER FOR 

LINK 
BLVD LNGTH = LENGTH OF BOULEVARD CURB AND GUTTER FOR 

LINK 
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A.2.S SAMPLE DATA SHEET FOR LINK DATA IV 

LINK DATA IV 

SUBDIVISION: 

SHEET #: 

DATE: 

+----------+----------------+-----------------+------------+ 
LINK • • POPULATION DS POPULATION SS AREA(Ha) I 

+----------+----------------+-----------------+------------+ 
I I I I I 
+----------+----------------+-----------------+------------+ 
I I I I I 
+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+----------+----------~-----+-----------------+------------+ 

+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 

I 
+----------+----------------+-----------------+------------+ 
I I I I I 
+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+--~------+----------------+-----------------+------------+ 

+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+----------+----------------+-----------------+------------+ 
+----------+---------~------+-----------------+------------+ 

+----------+----------------+-----------------+------------+ 



, 
i . 
i 
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NOTE: 
W POPULATION = INITIAL POPULATION OF LINK FOR WATERMAIN 

CALCULATIONS 
OS POPULATION = INITIAL POPULATION OF LINK FOR DOMESTIC 

SEWER CALCULATIONS 
SS AREA = INITIAL DRAINAGE AREA (IN RA.) OF LINK 

FOR STORM SEWER CALCULATIONS 
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A.2.6 SAMPLE DATA SHEET FOR SUBDIVISION AREAS 

SUBDIVISION AREAS 

SUBDIVISION: 

SHEET #: 

DATE: 

+-----------------------------+----------------------------+ 
AREA DESIGNATION AREA (HA.) 

+-----------------------------+----------------------------+ 
PARK 

+-----------------------------+----------------------------+ 
BUFFER 

+-----------------------------+----------------------------+ 
SCHOOL 

+-----------------------------+----------------------------+ 
1 MULTI-FAMILY DWELLINGS 1 I 
+-----------------------------+----------------------------+ 
I. COMMERCIAL 
+-----------------------------+----------------------------+ 

OTHER 
+-----------------------------+----------------------------+ 

TOTAL SUBDIVISION AREA 
+-----------------------------+----------------------------+ 
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APPENDIX 

( 

B 

B.l 
B.2 

B.2.1 
B.2.2 
B.2.3 
B.2.4 
B.2.5 
B.2.6 
B.2.7 
B.2.8 
B.2.9 
B.2.10 
B.2.11 
B.2.12 
B.2.13 
B.2.14 
B.2.15 
B.2.16 
B.2.17 
B.2.18 
B.2.19 
B.2.20 
B.2.21 
B.2.22 
B.2.23 
B.2.24 
B.2.25 
B.2.26 
B.2.27 
B.2.28 
B.2.29 
B.2.30 
B.2.31 
B.2.32 
B.2.33 
B.2.34 
B.3 

B.3.1 
B.3.2 
B.3.3 
B.3.4 
B.3.5 
B.3.6 
B.3.7 
B.3.8 
B.3.9 
B.3.10 
B.3.11 

PROGRAM LISTING 

MAIN ROUTINE: RCMAIN ••••••••••• 
Page 

•• B-2 
SUBROUTINES CALLED BY THE MAIN 

• •• · . . . ROUTINE ••••••• 
ACCOUNT •• · . · . . 
ACCOUNT1 ••••••••• 
ACCOUNT2 •••••••••• 
ACCSUM ••••••••••• 
ANALySIS •••••••• 
ATTACH. · ... . . . . 
CA.TBAS •••••••••• · . . . 
CLE.AR. ••••••••••••• 
CREATE. · ..... 
DMSTC •••••• 
ECONOM. 
ERRCHK. 

· . · . . 
FRONTAGE .•••••••••••••••• 
HEAD •••••• 
IDDMSW. 
IDSTSW .••• 
IDWATR. 

. . . 

· . . . . 
· . 

INDAT1. 
INDAT2. . . . . . 
IOFILE •••••••• 
LIGHT •• 
MAINCE. 
MANHOLE. 
OMINIT •• 
OPERAT •. 
OUTDAT1. 
OUTDAT2. 
PARKBUFF. 
PAVEMENT ••••• 
SIDEWALK ••••• 
SIGN ••••••••••••• 
STORM •••• 
UTILITY. 
WATER ••• 

· . 

. . . . . 

· . 

· . . 
SUBROUTINES CALLED BY OTHER 
SUBROUTINES ••••••••• 

ACCOUT •••••••••• 
ACCOUT1. 
ACCOUT2. 

· . · . · . . · . . . · . . . 

. . . 

. . . . 

• •• B-10 

· . 

· 

· . 

· . 
· · . 
· · · · · 

· . 
· . 
· · · . 

• .B-10 
• .B-13 
• .B-18 
• • B-23 
• .B-25 

.B-43 

.B-45 

.B-52 
• • B-53 
• .B-57 

.B-61 

.B-63 
• • B-67 
• .B-69 

.B-71 
• . B-82 
• • B-83 
•• B-91 
•• B-95 
.B-100 
.B-10l 
.B-107 
.B-lll 
.B-118 
.B-120 
.B-124 
.B-126 
.B-128 
.B-129 
.B-135 
.B-138 
.B-142 
.B-146 
.B-148 

• • B-1SO 
.B-150 
.B-1Sl 

• • B-152 
ADJ ••••• . . . . . . . • ••• B-153 · . . . . . . . .B-1S5 ASPLIT ••••• 
CA.TCA.IJC: ••••••••• ••••• B-156 
CATCAIJC:2 • 
CATDEPTH. 

· . . . . · ... · . . . . . . 
CATLIN ••••••••••••••••••• 
CATNODE ••• 
CHECKLEN. 

... 
• • B-160 

• ••• B-162 
.B-165 

• •• B-168 
· ••• B-171 



( 
B.3.12 
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B.l HAIN ROUTINE: .CHAIN 

*.*****~~**.**********.**.******.******************************************* 
:k. * * RESIDENTIAL AREA COST ANALYSIS MODEL (RACAM) * 
* *. *. r Rpgina, S~sk~tchew~n J * 
* *. * THIC PROGRAM WILL ITEMIZE AND CALCULATE THE VARIOUS COSTS * 
*' ASSOCIATED WITH THE CONSTRUCTION OF A RESIDENTIAL SU8DIVISION * * AND PERFORM AN ECONOMIC ANALYSIS. *. 

*. *' * UNIVERSITY OF REGINA *' 
* * *. AUGUST }987 *. 

*' * 
*. * 
************'**********'*******'*'*'**'**'*'*'**'**'***'**'***'********************** * NINT - number of interest r~tes. * TNTRST - the interest rates themselves. 
*. LIFE - different lives of subdivision for cost ~n~lysis. 
* NNODr: - rllJmbf!lr of nodf!l<; in the subd i vis ion. * NTYPE - typ@ of node. * ELEV - elev~tion of node. * NLINK - numbpr ~f link~ in subdivision. * NODr:l - high f!lnd nodf!l of link. * NOD~~ - low end node of link. * LLtNK - If!lngth of link. 
*. UNIT~ - numher of singlp family units on ~ link. 
:.&; 

*. 
*. 
-A 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
*-
* 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
* 
* 

MULTY - numbf!lr of multi f~mily unit~ on ~ link. 
AR~A - dr~in~gp fppding a link. 
LROAD - thp J@ngth of road on ~ link (not including intersection). 
TROAD - typ~ of ro~d (loc~l or collector). 
WWAU( .- !='i,:fpw.;lJk width. 
BARTr:n - If!lngth nf b~rrier curb. 
ROJ.I.F.TI .- J prlgt.h ~f r~J] ed curb. 
r·n.vn .- If!lrlgth of bnlJlp.v~rd clJrb. 
NWM~NK - numb@r ~f w~t@rmain links. 
WLtNKS - links involved in w~termain system. 
NWMGRP - number of tribut~ry groups in w~term~in system. 
TBTRYW - waterm~in system 'to'l'froM' link associations. 
NDALNK - number of domestic sewer links. 
DLtNKS - links involved in domestic sewer system. 
NDSGRP - number of tributary groups in domestic sewer system. 
T8TRYD domestic sewer system 'to'l'from' link ~ssoci~tions. 
NSSLNK - number of ~torm sewer links. 
SLINKS - links involved in storm sewer system. 
NSSGRP - numher of tribut~ry groups in storm sewer system. 
T8TRYS - storm sewer <;ystem 'to'l'from' link associ~tions. 
10 - numher of initial conditions. 
L - link number of link with initial conditions. 
P - initi~l amount of people on a waterMain link. 
PDS - initial amount of people on a domestic <;ewer link. 
ASS - initi~l amount of area for a storm sewer link. 
APARK - are~ dp.voted to park land. 
A8UPP - area devoted to buffer zones. 
COST* - variou~ co<;t constants. 
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* DSEtEU - ~lev~tion of dom~~tic ~~w~r ~t ~ node. * SSRLEU - plev~tion of ~torm sewer ~t a node. * DtAWM - di~m~t~r of e~ch w~t~rmain link. * DIADS - diameter of e~ch domestic sewer link. 
~ DtASS - di~m~ter of e~ch ~torm ~~wer link. 
~ TLCOST - total cost of subdivision. 

P~ge B-3 

* ERRFLG - fl~9 indic~tion method ot outputting error mess~ges. * RUNITI - re~~ unit tl. * RUNtT2 - read unit t2. * WUNJTl - writ. unit tl. 
* WUNtTI - write unit t2. * PEOPLE - average number ot people per unit. * WVMIN - minimum watermain water velocity (m/s). * FRICTN - Manning's roughness coefficient (unitless). * USE - expected domestic water use per capita (cu. meters/person/day). 
* FLOAD - safety factor for w~ter requirement calcul~tions (unitless). * DSCOUR - mimimum cover depth over domestic s~w~r pipes (m). 
* DSVMJN - minimum domestic sewer velocity (m/s). * DSUMAX - maximum domestic sewer velocity (m/s). * SSCOUR - mimimum cover depth.over storm sewer pipes (m). * SSUMtN - minimum storm sewer velocity (m/s). * SSUMAX - maximum storm sewer velocity (m/s). 
* SPAMAN - mimimum spacin9 between manholes (m). * SPALIT - maximum spacin9 between street lights (m). 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER 
& NJNT,I.IFF.,NNODE,NTYPF.,NLINK,NODEl,NODE2,TROAD, 
& NWMLNK,WLINKS,NWMGRP,TBTRYW, 
& NDSLNK,D~INKS,NDSGRP,TBTRYD, 
, NSSLNK,SLINKS,NSSGRP,TBTRYS, 
\ IQ,L,ERRFLG,RUNITl,RUNIT2,WUNITl,WUNIT2y 
& CBASIN,DINDX2,DINDX3,CONST, 
& LOPNUM,LOOPS,SNTYPE(lOO),RESULT 
& ICDFLG,IDAFLG,TRIFLG,CCTFLG,OPRFLG,MNTFLG,ECNFLG,ACCFLG 

REAL 
& 
& 
& 
& 
& 
8 
& 

INTRST,ELEV,LLINK,UNITS,MULTI,AREA,LROAD,WROAD, 
WWALK,BARIER,ROLLED,BLVD,P,PDS,ASS, 
APARK,ABUFF,RK4,DSELEV,SSELEV,DIAWM,DIADS,DIASS, 
CWM,CDS,CSS,TLCOST,PEOPLE,WVMIN,FRICTN,USE, 
FLOAD,DSCOVR,DSVMIN,DSVMAX,SSCOVR,SSVMIN,SSVMAX, 
SPAMAN,SPALIT,LENGTH,MHCOST,LSCOST,KM,LMCOST,SELEV(IOO), 
LWALK,PIPIDX 

COMMON 
& IAREAl/NINT,INTRST(INTNUM),LIFE(INTNUM) 

/AREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 
IAREA3/NLINK,NODEICLINNUM),NODE2CLINNUM),LLINK(LINNUM), 
UNITSCLINNUM),MULTICLINNUM),AREACLINNUM) 
IAREA4/LROADCLINNUM),WROADCLINNUM),TROAD(LINNUM) 
/AREAS/LWALKCLINNUM),WWALK(LINNUM),BARIER(LINNUM), 

& 
& 
& 
& 
& 
& 
& 
& 

ROLLED(LINNUM),BLVDCLINNUM) 
IAREA6/NWMLNK,WLINKSCLINNUH),NWHGRP,TBTRYW(LINNUH,4) 
IAREA1INDSLNK,DLINKS(LINNUH),NDSGRP,TBTRYD(LINNUH,4) 
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& IAREA8/NSSLNK,SLINKS(LINNUM),NSSGRP,TBTRYSCLINNUM,4) 
& IAREA9/IQ,L,P(LINNUM),PDS(LINNUM),ASS(LINNUM) 
8 IAREAIO/APARK,ABUFF 
~ IAREAII/COSTl,COST2 
& IARF.A12/COST3,COST4 
& IAREA13/COST5,COST6 
& IAREA14/CO~T7,CDST8,COSr9,COSrlO 
I IAR~A15/COSTl](6),COSTI2(9,5),COST13(9,14),COSTI4,COST15,COSTIG, 
& COST17,COSTI8(9) 
& IARF.AI6/COST19,COST20,COST21,COST22,COST23,COST24 
& IAREA17/COST2S,COST26,COST27,COST28,COST29,COST30,COST31, 
& COST32,COST33 
& IAREA18/RK4(2),DSELEV(NODNUM),SSELEV(NODNUM),DIAWM(LINNUM), 
1 DIADS(LINNUM),DIASS(LINNUM),CWH(LINNUM),CDS(LINNUM),CSS(LINNUM) 
& IAREA19/TLCOST 
& IAREA20/ERRFLG,ICDFLG,IDAFLG,TRIFLG,CCTFLG,OPRFLG,MNTFLG,ECNFLG,~ 
& IAREA21/RUNITl,RUNIT2,WUNITI,WUNIT2 
& IAREA22/PEOPLE,WVMIN,FRICTN,USE,FLOAD 
& IAREA23/DSCOVR,DSVHIN,DSVHAX 
& IAREA24/SSCOVR,SSVMIN,SSVMAX 
& IAREA25/SPAHAN,SPALIT 
& IAREA36/LOPNUM,LOOPS(25,50,2),FLOW(150),FLODIR(150), 
& HEDLOS(150),PIPDIACI50),HEADSCIOO),PSEHEDC2S),PIPIDXCI0) 
& IAREA37/SRCOST(LINNUM),FRONTCLINNUM),ASCHOL,AMULT,ACOM,AOTHER, 
& ASUB,ASIDE(LINNUM),ASING,TSING,TMULT,APAVE,AWALK 
& IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
& MHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TW.{,TBR,TRL,TBL, 
& WKCOST,BRCOST,RLCOST,BLCOST 
& IAREA47/NACCNT,ACCOST(IOO),AMCOST(lOO),AOCOST(lOO),ACCNUM(lOO), 
& DEFINECIOO) 

DATA nSFJ.EV/IOO*9999/SSELEV/IOO*99991 
RUNITl=4 

RUNIT2=7 
WUNITl=G 
WUNIT2=10 

* ****** * * Thp '~]]~wing fl~g5 are used to determine which data will be output * * With the exception of ERRFLG, the remaining flags will halt output * * of thpir rp~pective data if set to 1. ERRFLG's use is described in * * the v~ri~ble descriptions. 
* ****** 
* * F.rr~r-message flag. 

ERRFLG=l 

* * Tniti~l-cost-data flag. 
ICDFLG=O 

* * Tnitial-dat~ flag. 
IDAFLG=O 

* * Tributary-data flag. 
TRIFLG=O 
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~ A Con~tru~tion-~osts flag. 
CCTFLG=O 

A * Opprations flag_ 
OPRFLG=O 

A A Maintpnancp flag. 
MNTFLG=O 

A A EconoMic-analysis flag. 
ECNFLG=O 

A ~ Accounts-description flag. 
ACCFLG=O 

A THIS TNITIATES THE CALCULATION OF THE CONSTRUCTION COSTS 
~ A Tot~l construction costs 

TLCOST=O.O 

CALL HEAD 

CALL Cl.EAR 

A OPEN THE ERROR CHANNEL 
OPEN C UNIT=WUNIT2, FILE='ERRORFILE', STATUS='NEW' ) 

IST=2 

CALL JOFILECWUNIT1,IST) 

CALL INOATICNACCNT) 
IF(ICDFLG.EG.O)THEN 

CALI. OUTDATI 
ENDIF 

CALL CI.EAR 

CALL INDAT2 

IF C IDAFJ.G. EQ. 0) THEN 
CALL OUTDAT2 

ENDIF 

CALL CLEAR 

WRIT~ (WUNITl,G1) 
WRITE CWUNITl,GS)'C A LIB RAT ION D A T A V A L U t S' 
WRIT£ (WUN1Tl,GR)'---------------------------------------------' 
PRINT~,'C A L I ~ RAT ION D A T A V A L U E S' 
PRINTA,'---------------------------------------------' 

A**~****A*********************AA***********~**************~************ 
It It 
* DEFAULT VALUES * 
* f 
******A**AA*A**A********~*~~*~******~*****~*~*****~*****~~************: 
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IF ( P~OPLt.~O.O.O ) 
PEOPLE=3.35 

THEN 

WRITE(5,~)'Estimated no. of people per unit 
& dl'?:falJ1ted to:',PEOPLE 

&IJnit 
ENDIF 

WRITE(WUNITl,68)'Estimated no. of people liYin9 in each 
de:f .;l1J1 t ... d to', PEOPLE 

IF ( DSVMTN.F.Q.O.O ) 
DSVMIN=O.GlO 

THEN 

WRITE(S,*)'Min. DOMESTIC SEWER pipe velocity 
& def'ilJlterl to:',DSVMIN 

&pipe 
ENII IF 

WRITE(WUNITl,GS)'The min. DOMESTIC SEWER velocity within 
dl'?f~lJltp.d to',DSVMIN 

IF ( SSVMJN.F.O.O.O ) 
SSVMIN=O.GlO 

THEN 

WRITE(5,*)'Min. STORM SEWER pipe velocity 
& def:'I1J1 t ... d to:', SSVM IN 

&pip ... 
ENII IF 

WRITE(WUNIT1,6B)'The min. STORM SEWER velocity within 
rlef .;lIJ 1 ted to', SSVM IN 

IF ( nSVMAX.EO.O.O ) 
DSVMAX=2.7S0 

THEN 

WRITE(5,*)'Max. DOMESTIC SEWER pipe velocity 
& def ~IJ1. t ... d t,o:', DSVMAX 

&pip ... 
ENDIF 

WRITE(WUNITI,GB)'The max. DOMESTIC SEWER velocity within 
def~ulted to',DSVMAX 

IF ( SSVMAX.EO.O.O ) 
SSVMAX=3.GSO 

THEN 

WRITE(5,~)'Max. STORM SEWER pipe velocity 
& def~ult ... d to:',SSVMAX 

&pip ... 
ENDIF 

WRITE(WUNJTJ,68)'The max. STORM SEWER velocity within 
d ... f.",:\I.llte,j to' ,SSVMAX 

IF ( WVMJN.EQ.O.O ) 
WVMIN=l.7S0 

THEN 

WRITE(S,*)'Min. WATER velocity within pipe 
& def'ilJlted to:',WVMIN 

&pipe 
ENDIF 

WRITE(WUNJTl,6B)'The min. WATER velocity within 
tj e f .;1 IJ 1 t ... d to', W V MIN 

IF ( FRTCTN.FD.O.O ) 
FRICTN=O.Ol3 

THEN 

WRITE(S,*)'MANNING"s rou9hness coefficient 
& tjef;)lJltetj to:',FRICTN 

&pipe 
ENDIF 

WRITE(WUNITl,GB)'MANNING"s rou9hness coefficient of the 
def;)ulted to',FRICTN 

IF ( nSCOVR.F.O.O.O ) 
. DSCOVR=2.7S0 

THEN 

WRITE(S,*)'Min. coyer depth for DOMESTIC SEWER 
& def;)ultetj to:',DSCOVR 

WRITE(WUNITl,GB)'Min. depth of coyer for DOMESTIC SEWER 
& def;)ultetj to',DSCOVR 

ENDIF 
IF ( SSCOVR.ED.O.O THEN 
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SSCOVR=3.350 
WRITE(5,~)'Hin. cover depth for STORH SEWER 

& d>c>f :=111 1 t~d to:', SSCOVR 
WRITE(WUNITI,6S)'Hin. depth of cover for STORM SEWER 

& def :=!u 1 t~d to', SSCOVR 
ENDIF 
IF ( SPAHAN.EO.O.O ) 

SPAHAN=IOO.O 
THEN 

WRItE(S,~)'Hax. 5pacin9 between manholes 
& drfault~d to:',SPAMAN 

WRITE(WUNITl,GS)'Hax. spacin9 between manholes 
& d~f:~lJlted to' ,SPAHAN 

ENDIF 
IF ( SPALIT.EO.O.O) THEN 

SPALIT=70.0 
WRITE(S,~)'Hax. spacin9 between li9hts 

& defaulted to:',SPALIT 
WRITE(WUNITl,68)'Hax. spacin9 between li9hts 

& d~f:=lljl ted to', SPAL IT 
ENDIF 
IF ( USF..ED.O.O , 

USE=0.SG78 
THEN 

~ Note: This value is the metric equiv~lent ot ISO 3al/person/d~y 

*-

10 

• 

WRITE(S,"'WATERMAIN domestic water use 
S defaulted to:',USE 

WRITE(~UNITl,68"Expected domestic w~ter use for WATERMAIN 
& rlef~ulted to',USE 

ENDIF 
IF ( FI.OAn.F.O.O.O ) THEN 

FLOAD=2.00 
WRITE(S,')'Water consumption s~fety factor 

& ,jef :~u 1 ted to:', FLOAD 
WRITE(WUNTT1,6S)'Safety f~ctor for w~ter consumption 

& r e q .. I r ~ men t c; d Po f .~ IJ 1 t e oj to', FLO A D 
ENDIF 
WRITE (WUNITl,67' 

PRINT. 
PRINTA,'PROCESSING ••••••••••••••••••• ' 

CALL ERRCHt< 

CALL IDWATR 

~ Save EI.EV tor l.~ter rec.~ll. 
DO 10, L=l, 100 
SELEV (r.) =F.LEV (L) 
CONTINUE 

CALL IDDI1SW 

CALL IDSTSW 

CALL CRF-ATE 

:.It Rec;tore ELEV. 
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DO 20, L= 1, 100 
ELE'J (L) =f:F.LEV (L) 

20 CONTINUE 

* ~ nr93ni~e nodes: hi9her nodes in NODEI ~nd lower nodes in NODE2. 

DO 30, L=l, NLINK 
IF(ELEV(NODE2(L».GT.ELEV(NODEl(L»)THEN 
X=NODEI(L) 
NODE I <I.) =NODE2 (L) 
NODE2(L)=X 
ENDIF 

30 CPNTINUE 

* * Eliminate n@9~tive v~lues trom NTYPE (ne9ative values * A indic~t~ ~n exit node in the CREATE subroutine, but * ~ the rp~t of RACAM doesn't need the negative v~lues). 
DO 40, L=l, NNODE 
NTYPE (J.) =ABS (NTYPE (L ) ) 

40 CONTINUE 

CALL ATTACH 

CAtL WATER(WMCOST) 

TLCOST=TLCOST+WMCOST 

CALL DMSTC(DSCOST) 

TLCOST=TLCOST+DSCOST 

CALl. STORM(SSCOST) 

*. TLCOST=TLCOST+SSCOST 

CALL PAVEMENT 

CALL MANHOLE 

CALL LIGHT 

CALL CATBAS 

CALL S IDEWAU{ 

CALL SIGN 

CALL UTILITY 

CALL PARKBUFF 

CALL FRONTAGE 

IF(CCTFLG.EG.O)THEN 
CALL ANALYSIS 

ENDIF 
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67 
68 

CALL OMINIT 

CALI. MA TNCE 

CALL OPERAT 

IF (ECNF'J.G. Ell. 0) THEN 
CALL ECONOM 

END IF . 

IF(ACCFLG.Ell.O)THEN 
CALL ACCOUNT 

CALL ACCOUNTl 

CALL ACCOUNT2 

CALL ACCSUM 
ENDIF 

CLOSP. (\JUN IT 1> 

CLOSS (\JUNIT2) 

FORMAT ( , 1 ' ) 
FORMAT ( , ',T4,A75,T84,F7.3,/) 

END 

P.3ge B-9 



B.2 SUBROUTINES CALLED BY HAIN ROUTINE 

B.Z.l SUBROUTINE: ACCOUNT 

SUBROUTINE ACCOUNT 

PARAMETER 
& NODNUM=100,L1NNUM=IS0,INTNUH=10 

INTEGER 
& TIHF.,WUNITI 

REAL 
& HHCOST,LTCO~T,INTRST 

CHARACTERA12 ACCONT,ACCNUH 
CHARACTF.R*50 DEFINE 

COHMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
o 
ft 

& 
& 

TIHE=3 

IARF.AI/NINT,INTRST(1NTNUM),LIFECINTNUM) 
IAREAIO/APARK,ABUFF,PCOST,BCOST 
IAREA19/TLCOST 
IAREA20/ERRFLG 
IAREA21/RUNJTl,RUNIT2,WUNIT1,WUNIT2 
IAREA43/SSCOST,DSCOST,WHCOST,NLIGHT,LTCOST,TSIGN,CSIGN,HNHOLE, 
HHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TW~',TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IAREA4G/NACONT(2S),ACCONT(25,10),PRCENT(25,10),SDCOST(25,10) 
,MNPACC(25,10),OPPACC(25,10) 
IARF.A47/ACCOST(100),AHCOST(100),AOCOST(100),ACCNUH(100) 
,D~rYNn(lOO),NACCNT 

IARF.A48/TCPAVE,GASl,POWl,PH1,GAS2,POW2,PHZ 
IAREA49/IHCOST(25),MGRAD(Z5),HGRATE(25),HINST(25),HLIFE(25) 
,MNCOSTC25,3) 
IAREA50/IOCOCT(2S),OGRAD(25),OGRATE(25),OINST(25),OLIFE(25) 
,OPCOST(Z5,3) 

WRITE (WUN1Tl,400) 
DO 100 1=I,TIHE 

WRITE (WUNJT1,410) 
100 CONTINUE 

WRITE (WUNIT1,420) 
DO 110 I=I,TIHE 

WRITE (WUNIT1,430) 
110 CONTINUE 

WRITE (WUNTT1,770) INTRST(NINT) 
WRITE CWUNYT1,7~0) LIFECNINT) 
WRITE (WUNITl,450) 
DO 113 I=l,TIHE 

WRITE (WUNTTl,455) 
113 CONTINUE 

i WRITE (WUNITl,4?O) 
CALL ACCOUT(l,WHCOST) 
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WRIT~ (WUNITl,480) 
CALL ACCQUT(2,DSCOST) 
WRITE (WUNITl,490) 
CALL ACCOUT(3,SSCOST) 
WRITE (WUNIT!,500) 
CALL ACCOUT(4,TCPAVE) 
WRITE (WUNITl,510) 
CALL ~~COUT(~,WKCOST) 
WRITE (WUNITl,520) 
CALL ~CCOUT(G,8RCOST) 
WRITE (WUNIT1,530) 
CALL ACCOUT(7,RLCOST) 
WRITE (WUNIT1,540) 
CALL ACCOUT(8,8LCOST) 
WRITE (WUNIT1,550) 
CALL ACCOUT(WUNIT1,PCOST) 
WRITP. (WUNIT1,5GO) 
CALL ACCOUT(10,BCOST) 
WRITC (WUNIT1,570) 
CALL ACCOUT(11,CBCOST) 
WRITE (WUNIT1,GOO) 
CALL ACCOUT(12,HHCOST) 
WRITE (WUNIT1,G10) 
CALL ACCOUT(13,LTCOST) 
WRITE (WUNIT1,G20) 
CALL ACCOUT(14,CSIGN) 
WRITE (WUNIT1,G30) 
CALL ACCOUT(15,TRACOS) 
WRITE (WUNIT1,G40) 
WRITE (WUNIT1,G50) 
CALL ACCOUT(1G,GAS1) 
WRITE (WUNIT1,GGO) 
CALL ACCQUT(17,POW1) 
WRITE (WUNIT1,G70) 
CALL ACCOUT(18,PHl) 
WRITE (WUNIT1,G80) 
WRITE (WUNIT1,GSO) 
CALL ACCOUT(19,GAS2) 
WRITE (WUNIT1,GGO) 
CALL ACCOUT(20,POW2) 
WRITE (WUNIT1,G70) 
CALL ACCOUT(21,PH2) 
AWORTH=UNFORH(INTRST(NINT),LIFE(NINT),TLCOST) 
WRITE (WUNIT1,750) TLCOST,AWORTH 
DO 114 I=1,TIHE 

WRITE (WUNIT1,7GO) TLCOST,AWORTH 
114 CONTINUE 

* ~ 

* 
400 FORHAT ('1',' CON S T R U C T ION COS T 

&B REA K DOW N') 
410 FORHAT ('+',' CON S T R U C T ION COS T 

&8 REA K DOW N') 
420 FORHAT (lX,' MNNNMMMMNMMNMNMMMMNMNMMMMMMMNNNNNNN 

&NNNNNNNNNNNNMNNMMM/) 

430 FORHAT ('+',' MMNMNNMNMNMMMMMNMMMMMMMMMNMMMMMMNMM 

P~ge B-1! 



~KDGKAM Ll~TlNti 

~NNNNNNNNNNNNNNNNNN') 

~ 25,~0,~0,20 

450 FORMAT (11111,6X,'DESCRIPTION',15X,'ACCOUNT NUMBER' 
&,8X,'PRESENT COST',9X,'ANNUAL COST') 

455 FORMAT ('+',5X,'DF.SCRTPTION',15X,'ACCOUNT NUMBER' 
&,8X,'PRESENT COST',9X,'ANNUAL COST') 

470 FORMAT (11,6X,'WATERMAIN') 
480 FORMAT (6X,'DOMESTIC SEWER') 
490 FORMAT (6X,'STORM SEWER') 
500 FORMAT (6X,'PAVEMENT') 
510 FORMAT (6X,'SIDEWALK') 
520 FORMAT (6X,'BARRIER CURB I GUTTER') 
530 FORMAT (6X,'ROLLED CURB I GUTTER') 
540 FORMAT (6X,'BLVD. CURB I GUTTER') 
550 FORMAT (6X,'PARK DEVELOPMENT') 
560 FORMAT (6X,'BUFFER DEVELOPMENT') 
570 FORMAT (GX,'CATCH-BASIN') 
600 FORMAT (6X,'MANHOLE') 
610 FORMAT (6X,'STREET LIGHT') 
620 FORMAT (6X,'STREET SIGN') 
630 FORMAT (6X,'TRAFFIC SIGN') 
640 FORMAT (6X,'SINGLE FAMILY') 
650 FORMAT (lOX,'- GAS') 
660 FORMAT (lOX,'- POWER') 
670 FORMAT (]OX,'- TELEPHONE') 
GRO FORMAT (6X,'MULTI-FAMILY') 
750 FORMAT (/1,19X,'T 0 T A L',17X,2('S',2X,FI0.2,7X» 
760 FORMAT ('+',18X,'T 0 T A L',17X,2('S',2X,FI0.2,7X» 
770 FORMAT (II,' INTEREST RATE ',5X,': ',FIO.2,' 7.') 
780 FORMAT (' SUBDIVISION"s LIF~ : ',I7,lX,' yrs.') 

* 
END 

/ 



PROGRAH LISTING 

B.2.2 SUBROUTINE: ACCOUNTl 

SUBROUTINF. ACCOUNTl 

PARAHETER 
~ NODNUH=100,LINNUH=150,INTNUH=10 

INTEGER 
& rIHF.,WUNITl 

REAL IHCO~T,HGRAD,HGRATE,HNCOST,HINST,MNPACC 

CHARACTERAl~ ACCONT,ACCNUH 
CHARACTF.RA50 DEFINE 

COHHON 
& IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
& IAREA4G/NACONT(25),ACCONT(25,10),PRCENT(25,10),SDCOST(25,10) 
& ,MNPACC(25,10),OPPACC(25,10) 
& IAREA4?/ACCOSTClOO),AHCOST(100),AOCOSTCI00),ACCNUMCI00) 
& ,DEFINECIOO),NACCNT 
& IAREA49/IHCOST(25),HGRAD(25),HGRATEC25),MINSTC25),HLIFE(25) 
& ,HNCOST(25,3) 
& IAREA50/IOCOST(25),OGRAD(2S),OGRATE(25),OINST(25),OLIFE(25) 
& ,OPCOST(25,3) 

TIHE=3 

WRITE (WUNITl,400) 
[10 100 I=l,TIHE 

WRITE (WUNJTl,410) 
100 CONTINUE 

WRITE (WUNIT.l,420) 
no 110 I=l,TIHE 

WRITE (WUNITl,430) 
110 CONTINUE 

WRITE (WUNIT1,450) 
DO 113 I=l,TIHE 

WRITE (WUNIT.l,455) 
113 CONTINUE 

WRITE (WUNITl,4?0) 
WRITE (WUNtTl,??O) HINST(l) 
WRITE (WUNIT1,?SO) MLIFE(I) 
CALL ACCOUT1(1) 
WRITE (WUNIT1,?90) (HNCOST(I,J),J=I,2) 
DO 120 I=I,TIHE 

WRITE (WUNIT1,aOO) (HNCOST(1,J),J=1,2) 
120 CONTINUE 

WRITE (WUNIT1,710) 
WRITE (WUNITl,480) 
WRITE (WUNIT1,??0) MINST(2) 
WRITE (WUNIT1,?80) HLIFE(2) 
CALL ACCOUT1(2) 
WRITE (WUNIT1,?90) (HNCOST(2,J),J=I,2) 
DO 1~1 I=I,TIHE 
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WRITE (WUNIT1,800) (MNCOST.(2,J),J=I,2) 
121 CONTINUE 

WRITE (WUNITl,710) 
WRITr. (WUNIT1,490) 
WRITE (WUNITl,770) MINST(3) 
WRITE (WIJNIT1,780) HLIFE(3) 
CALL ACCDlITl(3) 
WRITE (WUNITl,790) (HNCOST(3,J),J=I,2) 
DO 122 I=I,TIHE 

WRITE (WUNIT1,aOO) (MNCOST(3,J),J=I,2) 
122 CONTINUE 

WRITE (WUNIT1,710) 
WRITE (WUNIT1,SOO) 
WRITE (WUNIT1,770) MINST(4) 
WRITE (WUNIT1,780) HLIFE(4) 
CALL ACCOUT1(4) 
WRITE (WUNIT1,790) (HNCOST(4,J),J=I,2) 
DO 1'23 I=I,TIHE 

WRITE (WUNITl,aOO) (MNCOST(4,J),J=I,2) 
123 CONTINUE 

WRITE (WUNJTl,710) 
WRITE (WUNIT1,510) 
WRITE (WUNIT1,770) HINST(S) 
WRITE (WUNITl,780) MLIFE(S) 
CALL ACCOUTl(S) 
WRITE (WUNTT1,790) (HNCOST(S,J),J=1,2) 
DO 124 I=l,TIHE 

WRITE (WUNITl,aOO) (HNCOST(S,J),J=I,2) 
124 CONTINUE 

WRITE (WlINITl,710) 
WRITt (WUNIT1,S20) 
WRITE (WUNITl,770) MINST(6) 
WRIT.E (WUNIT1,780) HLIFE(6) 
CALL ACCOUTl(6) 
WRITE (WlINTTl,790) (MNCOST(6,J),J=1,2) 
DO 125 I=I,TIHE 

WRITE (WlINITl,OOO) (MNCOST(6,J),J=1,2) 
125 CONTINUE 

WRITE (WUNITl,710) 
WRITE (WUNIT1,S30) 
WRITE (WUNITl,770) HINST(7) 
WRITE (WUNIT1,780) MLIPE(7) 
CALL ACCOUTl(7) 
WRITE (WUNIT1,790) (MNCOST(7,J),J=1,2) 
DO 126 I=I,TIME 

WRITE (WUNIT1,800) (MNCOST(7,J),J=1,2) 
126 CONTINUE 

WRITE (WUNJTl,710) 
WRITE (WUNITl,S40) 
WRITE (WUNITl,770) HINST(8) 
WRITE (~UNITl,780) MLIFE(8) 
CALL ACCOUTl(8) 
WRITE (WUNITl,790) (HNCOST(8,J),J=1,2) 
DO 127 I=I,TIHE 

WRITE (WUNITl,aOO) (HNCOST(S,J),J=1,2) 
127 CONTINUE 

WRITE (WlINY"1,710) 
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WRITn (WUNIT1,550) 
WRITE (WUNIT1,770) MINST(9) 
WRITE (WUNIT1,780) MLIFE(9) 
CALL ACCOUTl(9) 
WRITE (WUNIT1,790) (MNCOST(9,J),J=I,2) 
DO 120 I=I,TIHE 

WRITE (WUNITl,800) (MNCOST(9,J),J=1,2) 
120 CONTINUE 

WRITE (~UNrTl,710) 
WRIT~ (WUNIT1,5GO) 
WRITE (WUNIT1,770) HINST(lO) 
WRITE (WUNIT1,780) HLIFECI0) 
CALL ACCOUT1(10) 
WRITE (WUNITl,790) CHNCOST(10,J),J=1,2) 
DO 129 "I=I,TIHE 

WRITE (WUNITl,800) CHNCOST(10,J),J=I,2) 
129 CONTINUE 

WRITE (WUNITl,710) 
WRtTP. (WUNITl,570) 
WRITE (WUNIT1,770) HINSTCllr 
WRITE (WUNITl,700) MLIFE(II) 
CALL ACCOUT1Cl1) 
WRITE (WUNIT1,790) (HNCOST(11,J),J=I,2) 
DO 130 I=I,TIHE 

WRITE (WUNITl,COO) (MNCOSTCll,J),J=1,2) 
130 CONTINUE 

WRITE (WUNITl,710) 
WRITE (WUNIT1,GOO) 
WRITE (WUNITl,770) HINST(12) 
WRITE (WUNIT1,780) HLIFE(12) 
CALL ACCOUTl(12) 
WRITE (WUNITl~790) (HNCOST(12,J),J=I,2) 
DO 131 I=l,TIME 

WRITE (WUNTT1,800) (MNCOST(12,J),J=1,2) 
131 CONTINUE 

WRITE (WUNrrl,710) 
WRIT8 (WUNITl,GlO) 
WRITE (WUNITl,770) HINST(13) 
WRITE (WUNIT1,7BO) HLIFE(13) 
CALL ACCOUTICI3) 
WRITF. (WUNIT1,790) (HNCOST(13,J),J=I,2) 
DO 132 I=l,TIHE 

WRITE (WUNIT1,BOO) (HNCOST(13,J),J=1,2) 
132 CONTINUE 

WRITE CWUNIT1,710) 
WRITE (WUNIT1,G20) 
WRITE (WUNITl,770) HINST(14) 
WRIT~ (WUNITl,780) HLIFE(14) 
CALL ACCOUTl(14) 
WRITE (WUNITl,790) (HNCOST(14,J),J=I,2) 
DO 133 I=l,TIHE 

133 
WRITE 
WRITE 
WRITE 
WRITE 

WRITE (WUNITl,BOO) (HNCOST(14,J),J=1,2) 
CONTINUE 

(WUNJTl,710) 
(WUNIT1,630) 
(WUNIT1,770) HINST(15) 
(WUNITl,780) HLIFE(15) 



CALI. ACCOUT1(15) 
WRITE (WUNIT1,790) (HNCOST(15,J),J=1,2) 
DO 134 I=l,TIME 

WRITE (WUNJTl,800) (MNCOST(15,J),J=1,2) 
134 CONTINUE 

WRITE (WtlNTT1,710) 
WRITn (WUNITl,G40) 
WRITE (WUNIT1,650) 
WRITE (WUNIT1,770) HINST(lG) 
WRITE (WUNIT1,780) HLIFE(lG) 
CALL ACCOUTI ClG) 
WRITE (WUNITl,790) (HNCOST(lG,J),J=1,2) 
DO 135 I=l,TIHE 

WRITE (WUNITl,aOO) (HNCOST(lG,J),J=1,2) 
135 CONTINUE 

WRITE (WUNIT1,710) 
WRITE (WUNIT1,GGO) 
WRITE (WUNIT1,770) HINST(17) 
WRITE (WUNIT1,7BO) HLIFE(17) 
CALL ACCOUT1(17) 
WRITE CWUNITl,790) (HNCOSTC17,J),J=1,2) 
DO 136 I=l,TIHE 

WRITE (WUNITl,aOO) (HNCOST(17,J),J=1,2) 
13G CONTINUE 

WRITE (WUNIT1,710) 
WRITe (WUNIT1,G70) 
WRITE (WUNIT1,770) HINST(18) 
WRITE (WUNITl,780) HLIFE(lB) 
CALL ACCOUT1(lS) 
WRITE (WUNIT1,790) (HNCOST(18,J),J=1,2) 
DO 137 I=l,TIME 

WRITE (WUNIT1,BOO) (MNCOST(18,J),J=1,2) 
137 CONTINUE 

W~IT~ (WUNIT1,710) 
WRITE (WUNITl,G80) 
WRITE (WUNIT1,650) 
WRITE (WUNITl,770) HINST(19) 
WRITE (WUNIT1,780) HLIFE(19) 
CALL ACCOUT1(19) 
WRITE (WUNIT1,790) (HNCOST(19,J),J=1,2) 
DO 138 I=l,TIHE 

WRITE (WUNIT1,aOO) CHNCOSTC19,J),J=1,2) 
130 CONTINUE 

WRITE (WUNIT1,710) 
WRITE (WUNIT1,GGO) 
WRITE (WUNITl,770) HINST(20) 
WRITE (WUNITl,780) HLIFE(20) 
CALL ACCOUTl(20) 
WRITE (WUNITl,790) (HNCOST(20,J),J=1,2) 
DO 139 I=I,TIHE 

WRITE (WUNITl,OOO) (HNCOST(20,J),J=1,2) 
139 CONTINUE 

WRITE (WUNITl,710) 
WRITE (WUNITl,G70) 
WRITE (WUNITl,770) HINST(21) 
WRITE (WUNITl,780) HLIFE(21) 
CALL ACCOUTl(21) 
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WRIT~ (WUNITl,790) (HNCOST(21,J),J=1,2) 
DO 140 I=l,TIHE 

WRITE (WUNITl,OOO) (HNCOST(21,J),J=I,2) 
140 CONTINUE 

WRITE (WUNITl,710) 

* 
~ 

* 400 
410 
420 
430 
450 

455 

470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
600 
610 
620 
630 
540 
650 
560 
670 
680 
710 
770 
780 
790 
800 
~ 

* END 

FORHAT ('1',' H A IN TEN A N C E COS T B REA K DOW 
FORHAT ('+',' H A I N TEN A N C E COS T B REA K DOW 
FORHAT (IX,' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 

FOR HAT ('+',' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 

FORHAT (11111,6X,'DESCRIPTION',35X,'ACCOUNT NUHBER' 
,aX,'PR~S~NT COST',9X,'ANNUAL COST') 
FOR HAT ('+',5X,'D£SCRIPTION',35X,'ACCOUNT NUHBER' 
,8X,'PRESENT COST',9X,'ANNUAL COST') 
FORHAT (II,GX,'WATERHAIN') 
FORHAT (6X,'DOHESTIC SEWER') 
FORHAT (6X,'STORH SEWER') 
PORHAT (5X,'PAVEHENT') 
FORHAT (6X,'~IDEWALK') 

FORHAT (GX,'BARRIER CURD & GUTTER') 
FORHAT (6X,'ROLLED CURB & GUTTER') 
FORHAT (6X,'BLVD. CURB & GUTTER') 
FORHAT (6X,'PARK DEVELOPHENT') 
FORHAT (6X,'8UFFER DEVELOPHENT') 
FOR HAT (6X,'CATCH-8ASIN') 
FORHAT (6X,'HANHOLE') 
FORHAT (6X,'STREET LIGHT') 
FORHAT (6X,'STREET SIGN') 
FORHAT (6X,'TRAFFIC SIGN') 
FOR HAT (6X,'StNGLE FAHILY') 
FORHAT (lOX,'- GAS') 
PORHAT (lOX,'- POWER') 
FORHAT (lOX,'- TELEPHONE') 
FORHAT (6X,'HULTI-FAHILY') 
FORHAT (I) 
FORHAT (8X,'INTEREST RATE: ',FIO.2,' 7.') 
FORHAT (8X,'S~RVICE LIFE ',I7,IX,' yrs.') 
FORHAT (21X,'TOTAL',40X,2(7X,'S',2X,FIO.2» 
FORHAT ('+',20X,'TOTAL',40X,2(7X,'S',2X,FI0.2» 



PROGRAM LISTING 

B.2.3 SUBROUTINE: ACCOUNT2 

SUBROUTINE ACCOUNT2 

PARAMETER 
& NODNUM=lOO,LJNNUM=ISO,INTNUM=10 

INTEGER 
& TIME, 01. IFE, WUN ITI 

REAL IOCOST 

CHARACTERA12 ACCONT,ACCNUM 
CHARACTF.R~SO DEFINE 

COMMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 

TIME=3 

IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA46/NACONT(25),ACCONT(25,10),PRCENT{25,10),SDCOST( 25,10) 
,MNPACC(25,10),OPPACC(25,10) 
IAREA4?/ACCOST(100),AMCOST(100),AOCOST(100),ACCNUM(100) 
,DEFINE(100),NACCNT 
IARF.A49/IMCOST(25),MGRAD(2S),HGRATE(25),MINST{25),MLIFE(25) 
,MNCOST(25,3) 
IARF.ASO/IOCOST(25),OGRAD(25),OGRATE(25),OINST(25),OLIF£(25) 
,OPCOST(25,3) 

WRITE (WUNTTl,400) 
DO 100 I=l,TIME 

WRITE (WUNTn ,410) 
100 CONTINUE 

WRITE (WUNITl,420) 
DO 110 1=I,TIME 

WRITE (WUNJT1,430) 
110 CONTINUE 

WRITE (WUNITl,450) 
IIO 113 I=I,TIME 

WRITE (WUNJTl,455) 
113 CONTINUE 

WRITE (WUNITl,4?0) 
WRITE (WUNIT1,??0) OINST(I) 
WRITE (WUNIT1,?80) OLIFE(l) 
CALL ACCOUT2(1) 
WRITE (WUNITl,?90) (OPCOST(1,J),J=1,2) 
DO 120 I=1,TIHE 

WRITE (WUNITl,800) (OPCOST(1,J),J=1,2) 
120 CONTINUE 

WRITE (~UNITl,?lO) 
WRITE (WUNITl,480) 
WRITE (WUNITl,??O) OINST(2) 
WRITE (WUN1Tl,?80) OLIFE(2) 
CALL ACCOUT2(2) 
WRITE (WUNITl,?90) (OPCOST(2,J),J=1,2) 
DO 121 I=I,TIME 
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WRITE (WUNIT1,800) (OPCOST(2,J),J=1,2) 
121 CONTINUE 

WRITE (WUNITl,710) 
WRITt (WUNITl,490) 
WRITE (WUNITl,770) OINST(3) 
WRITE (WUNIT1,780) OLIFE(3) 
CALL ~iCCOUT2 (3) 
WRITE (WUNIT),190) (OPCOST(3,J),J=1,2) 
DOl '2 ~~ 1=1, TIM E 

WRITE (WUNIT1,OOO) COPCOST(3,J),J=1,2) 
122 CONTINUE 

WRITE (WUNIT1,110) 
WRITE (WUNIT1,SOO) 
WRITE (WUNIT1,110)OINST(4) 
WRITE (WUNIT1,1BO) OLIFE(4) 
CALL ACCOUT2(4) 
WRITE (WUNIT1,190) (OPCOST(4,J),J=1,2) 
DO 123 I=l,TIME 

WRITE (WUNITl,OOO) (OPCOST(4,J),J=1,2) 
123 CONTINUE . 

WRITE (WUNIT1,710) 
WRITE (WUNIT1,SI0) 
WRITE (WUNITl,110) OINST(S) 
WRITE (WUNIT1,780) OLIFE(S) 
CALL ACCOUT2(S) 
WRITE (WUNITl,190) (OPCOST(S,J),J=1,2) 
DO 124 I=I,TIHE 

WRITE (WUNIT1,aOO) (OPCOST(5,J),J=I,2) 
124 CONTINUE 

WRITE (WUNIT1,110) 
WRITE (WUNIT1,S20) 
WRITE (WUNITl,110) OINST(G) 
WRITE (WUNIT1,180) OLIFE(6) 
CALL ACCQUT2(6) 
WRITE (WUNIT1,790) (OPCOST(G,J),J=I,2) 
DO 12S I=l,TIHE 

WRITE (WUNITl,aOO) (OPCOST(G,J),J=1,2) 
125 CONTINUE 

WRITE (WUNIT1,110) 
WRITr. (WUNIT1,S30) 
WRITE (WUNIT1,110) OINST(1) 
WRITE (WUNITl,1S0) OLIFE(1) 
CALL ACCOUT2(7) 
WRITE (WUNIT1,790) (OPCOST(1,J),J=1,2) 
DO 126 1=1,TIHE 

WRITE (WUNIT1,aOO) (OPCOST(7,J),J=1,2) 
126 CONTINUE 

WRITE (WUNIT1,110) 
WRIT~ (WUNITl,S40) 
WRITE (WUNIT1,710) OINST(S) 
WRITE (WUNITl,7S0) OLIFE(S) 
CALL ACCOUT2(S) 
~RITE (WUNITl,790) (OPCOST(S,J),J=1,2) 
DO 127 I=1,TIHE 

WRITE (WUNIT1,aOO) (OPCOST(S,J),J=1,2) 
121 CONTINUE 

WRITE (WUNIT1,710) 
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WRITE (WUNITl,550) 
WRITE (WUNJT1,770) OINST(9) 
WRITE (WUNITl,780) OLIFE(9) 
CALL ACCOUT2(9) 
WRITE (WUNJTJ,790) (OPCOST(9,J),J=1,2) 
DO 128 I=l,TIME 

WRITE (WUNITl,eOO) (OPCOST(9,J),J=1,2) 
128 CONTINUE 

WRITE (WUNITl,710) 
WRITE (WUNIT-l,SGO) 
WRITE (WUNIT1,770) OINST(10) 
WRITE (WUNtTl,790) OLIFE(10) 
CALL ACCOUT2(10) 
WR-ITE (WlINIT1,790) (OPCOST(lO,J),J=1,2) 
DO 129 I=1,TIHE 

WRITE (WUNTT1,eOO) (OPCOST(10,J),J=1,2) 
129 CONTINUE 

WRITE CWUNIT1,710) 
WRITt (WUNIT1,570) 
WRITE (WUNIT1,770) OINST(11) 
WRITE (WUNITl,780) OLIFE(ll) 
CALL ACCOUT2(11) 
WRITE (WUNIT1,790) (OPCOST(11,J),J=1,2) 
DO 130 I=1,TIHE 

WRITE (WUNIT1,800) (OPCOST(11,J),J=1,2) 
130 CONTINUE 

WRITE (WUNIT1,710) 
WRITr. (WUNIT1,GOO) 
WRITE (WUNIT1,770) OINST(12) 
WRITE (WUNIT1,780) OLIFE(12) 
CALL ACCOUT2(12) 
WRITE (WUNJTl,790) (OPCOST(12,J),J=1,2) 
[to 131 I=l,TIME 

WRITE (WUNITl,BOO) (OPCOST(12,J),J=1,2) 
131 CONTINUE 

WRITE (WUNJT1,710) 
WRITE (WUNITl,GlO) 
WRITE (WUNITl,770) OINST(13) 
WRITE (WUNIT1,790) OLIFE(13) 
CALL ACCOUT2(13) 
WRITE (WUNITl,790) (OPCOST(13,J),J=1,2) 
DO 132 I=I,TIHE 

WRITE (WUNTT1,OOO) (OPCOST(13,J),J=1,2) 
132 CONTINUE 

WRITE (WUNITl,710) 
WRITE (WUNITl,G20) 
WRITE (WUNITl,770) OINST(14) 
WRITE (WUNITl,780) OLIFE(14) 
CALL ACCOUT2(14) 
WRITE (WUNITl,790) (OPCOST(14,J),J=1,2) 
DO 133 I=l,TIHE 

133 
WRITE 
WRITE 
WRITE 
WRITE 

WRITE (WUNJTl,OOO) (OPCOST(14,J),J=1,2) 
CONTINUE 

(WUNIT1,710) 
(WUNITl,G30) 
(WUNITl,770) OINST(lS) 
(WUNITl,7S0) OLIFE(lS) 
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CALI. ACCOUT2(15) 
WRITE (WUNITl,790) (OPCOST(15,J),J=1,2) 
DO 134 1= 1, T IHE 

WRITE (WUNITl,800) (OPCOST(15,J),J=1,2) 
134 CONTINUE 

WRITE (WUNITl,710) 
WRITE (WUNIT1,G40) 
WRITE (WUNI~1,G50) 

WRITE (WUNIT1,770) OINST(lG) 
WRITE (WUNIT1,7BO) OLIFE(lG) 
CALL ACCOUT2(16) 
WRITE (WUNIT1,790) (OPCOST(lG,J),J=1,2) 
DO 135 I=l,TIHE 

WRITE (WUNITl,OOO) (OPCOST(1G,J),J=1,2) 
135 CONTINUE 

WRITE (WUN!T1,710) 
WRITE (WUNIT1,GGO) 
WRITE (WUNIT1,770) OINST(17) 
WRITE (WUNIT1,780) OLIFE(17) 
CALL ACCOUT2(17) 
WRITE (WUNIT1,790) (OPCOST(17,J),J=1,2) 
DO 13G I=l,TIHE 

WRITE (WUNIT1,800) (OPCOST(17,J),J=1,2) 
136 CONTINUE 

WRITE (WUNIT1,710) 
WRtTE (WUNITl,G70) 
WRITE (WUNITl,770) OINST(IB) 
WRITE (WUNtT1,780) OLIFE(lB) 
CALL ACCOUT2(IS) 
WRITE (WUNIT1,790) (OPCOST(18,J),J=1,2) 
DO 137 I=l,TIHE 

WRITE (WUNITl,800) (OPCOST(lS,J),J=1,2) 
137 CONTINUE 

WRITE (WUNrTl,710) 
WRItE (WUNITl,GBO) 
WRITE (WUNIT1,G50) 
WRITE (WUNITl,770) OINST(19) 
WRITE (WUNITl,7BO) OLIFE(19) 
CALL ACCOUT2(19) 
WRITE (WUNITl,790) (OPCOST(19,J),J=1,2) 
DO 138 I=1,TIHE 

WRITE (WUNITl,eOO) (OPCOST(19,J),J=1,2) 
138 CONTINUE 

WRITE (WUNIT1,710) 
WRIT~ (WUNIT1,GGO) 
WRITE (WUNIT1,770) OINST(20) 
WRITE (WUNIT1,780) OLIFE(20) 
CALL ACCOUT2(20) 
WRITE (WUNJT1,790) (OPCOST(20,J),J=1,2) 
DO 139 I=1,TIHE 

WRITE (WUNIT1,BOO) (OPCOST(20,J),J=1,2) 
139 CONTINUE 

WRITE (WUNIT1,710) 
WRtTe (WUNIT1,G70) 
WRITE (WUNIT1,770) OINST(21) 
WRITE (WUNITl,700) OLIFE(21) 
CALL ACCOUT2(21) 
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WRIT~ (WUNIT1,790) (OPCOST(21,J),J=1,2) 
DO 140 J=l,TIME 

WRITE (WUNITl,SOO) (OPCOST(21,J),J=1,2) 
140 CONTINUE 

* * * 400 
410 
420 
430 
450 

455 

470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
600 
610 
620 
630 
640 
G50 
660 
670 
680 
710 
770 
780 
790 
800 

* * 

WRITE (WUNITl,710) 

& 

& 

END 

FORMAT ('1',' 0 PER A T ION COS T B REA K DOW N/) 

FORMAT ('+',' 0 P t RAT ION COS T B REA K DOW N') 
FORMAT (IX,' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN') 

FORMAT (' .• ',' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN') 

FORMAT (11111,6X,'DESCRJPTION',35X,'ACCOUNT NUMBER' 
,8X,'PRESENT COST',9X,'ANNUAL COST') 
FORMAT ('+',5X,'DESCRTPTION',35X,'ACCOUNT NUMBER' 
,8X,'PRESENT COST',9X,'ANNUAL COST') 
FORMAT (11,6X,'WATERMAIN') 
FORMAT (6X,'DOMESTIC SEWER') 
FORMAT (GX,'STORM SEWER') 
FORMAT (GX,'PAVEMENT') 
FORMAT ~GX,'SIDEWALK') 

FORMAT (GX,'BARRIER CURD & GUTTER') 
FORMAT (GX,'ROLLED CURB & GUTTER') 
FORMAT (6X,'BLVD. CURB & GUTTER') 
FORMAT (6X,'PARK DEVELOPMENT') 
FORMAT (GX,'BUFFER DEVELOPMENT') 
FORMAT (GX,'CATCH-BASIN') 
FORMAT (6X,'MANHOLE') 
FORMAT (6X,'STREET LIGHT') 
FORMAT (GX,'STREET SIGN') 
FORMAT (6X,'TRAFFIC SIGN') 
FORMAT (GX,'SINGLE FAMILY') 
FORMAT (lOX,'- GAS') 
FORMAT CIOX,'- POWER') 
PORMAT (]OX,'- TELEPHONE') 
FORMAT (6X,'MULTI-FAMILY') 
FORMAT (I) 
FORMAT (nX,'INTEREST RATE: ',F10.2,' 7.') 
FORMAT (8X,'nURVICE LIFE : ',I7,lX,' yrs.') 
FORMAT (ZlX,'TOTAL',40X,2(7X,'S',2X,FIO.2» 
FORMAT ('+',20X,'TOTAL',40X,2(7X,'S',2X,FlO.2» 



PROGRAM LISTING 

B.2.4 SUBROUTINE: ACCSUM 

SUBROl~T JNF. ACCSUM 

PARAMETER 
& NUDNUM=100,LINNUM=150,INTNUM=10 

INTEGF~ 

& TIME,WUNITI 

REAL 
& MHCOST,LTCOST,INTRST 

CHARACTER~12 ACCONT,ACCNUM 
CHARACTER*3S DEFINE 

COMMON 
& 
& 
& 
& 

IAREAl/NINT,INTRSTCINTNUM),LIF!CINTNUM) 
IAREAIO/APARK,ABUFF;PCOST,BCOST 
IAREA19/TLCOST,TMCOST,TOCOST 
IAREA20/ERRFLG 

P::Ige B-23 

& 
& 
& 
& 
& 
& 
& 
& 

IARFA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
MHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TW~',TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IAREA4G/NACONT(25),ACCONTC25,10),PRCENT(25,10),SDCOST(25,10) 
,MNPACCC2S,10),OPPACCC25,10) 
IAREA4?/NACCNT,ACCOSTCIOO),AMCOST(100),AOCOST(100),ACCNUM(lOO 
,OEFINECIOO) 

& 
& 
& 
~ 

& 

TIME=3 

IARFA40/TCPAVE,GASl,POWl,PHl,GAS2,POW2,PH2 
IAREA49/IMCOST(2S),MGRAD(25),MGRATE(25),MTNST(25),MLIFE(25) 
,MNCOST(25,3) 
IAREASO/IQCOST.(25),OGRAD(25),OGRATE(25),OINST(25),OLIFE(25) 
,OPCOST(25,3) 

TOTAL=ACCOST(I)+AHCOST(l)+AOCOST(l) 
WRITE (WUNITl,G90) 
DO lIS I=l,TIHE 

WRITE (WUNITl,G9S) 
115 CONTINUE 

WRITE (WUNITl,?OO) 
DO 11? I=l,TIHE 

WRITE (WUNIT1,?OS) 
II? CONTINUE 

WRITE (WUNITl,?lO) 
WRITE (WUNITl,120) DEFINE(l),ACCNUM(l),ACCOST(I),AMCOST(I),AOCOST(l) 
DO 120 I=2,NACCNT 

TOTAL=ACCOST(I)+AMCOST(I)+AOCOST(I) 
WRITE (WUNITl,120) DEFINE(I),ACCNUM(I),ACCOST(I),AMCOST(I), 

& AOCOST ( I) 
120 CONTINUE 

WRITE (WUNITl,130) TLCOST,TMCOST,TOCOST 
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DO 130 I=1,TIME 
WRITE (WUNITl,740) TLCOST,~HCOST,TOCOST 

130 CONTINUE 
~ 
~ 

* 690 FORHAT ('l','SUMMARY OF ACCOUNTS :') 
695 FORMAT ('+','SUMMARY OF ACCOUNTS :') 
700 FORHAT (111,22X,'DESCRIPTION',25X,'ACCOUNT NUH8ER',3X, 

&'CONSTRUCTION COST',4X,'MAINTENANCE COST', 
&GX,'OPERATION COST') 

705 FORHA! ('i',21X,'DESCRJPTION',25X,'ACCOUNT NUH8ER',3X, 
~'CONSTRUCTION COST',4X,'MAINTENANCE COST', 
&6X,'OPERATION COST') 

710 FORMAT (II) 
720 FORHAT (lX,A50,DX,A12,3(7X,'S',2X,FIO.2» 
730 FORMAT (11,22X,'T 0 T A L',40X,3(7X,'S',2X,F10.2» 
740 FORHA! ('+',21X,'T 0 T A L',40X,3(7X,'S',2X,FIO.2» 

RETURN 
END 



PROGRAH LISTING P~ge B-25 

B.2.5 SUBROUTINE: ANALYSIS 

SUBROUTINE ANALYSIS 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER 
I 
& 
I 

REAL 
I 
& 
I 

XSE~,XSPA,COL,XTOTAL,X,SPACE 
,YTOTAL,YSEC,DSMAN,SSMAN,TRAFIC,HLINK 
,EVEN,TIME,TDSMAN,TSSHAN,TSIGN,TROAD, 
FLAG,WUNITI 

LCBCOS,LTCOSL,LROAD,LLINK,MULTI,MULPGA, 
MULPNA,MHCOST,LTCOST,SSCSCLINNUM),DSCSCLINNUM) 
,WHCS(LINNUM),LOCLEN,LSCOST,CNCOSLCLINNUM) 

CHARACTER*132 LINE,LINEl,LINE2,LINE3,LINE4 

COMMON 
& 
& 
I 
& 
I 
I 
& 
I-
I 
I 
& 
& 
& 
& 
& 

& 
& 
& 
& 
& 
& 
& 
I 
& 
I 
& 
& 
I 
& 
& 
I 
& 
& 
& 
& 
& 

IAREAI/NINT,INTRST(INTNUM),LIFE(INTNUM) 
IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUSCNODNUM), 
RCURB 
IAREA3/NLINK,NODEICLINNUH),NODE2(LINNUM),LLINK(LINNUM), 
UNITSCLINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREA5/LWALK(LINNUM),WWALK(LINNUM),BARIER(LINNUM),ROLLED(LINNUM) 
,BLVD(LINNUM) 
IAREA9/IO,L,P(LINNUM),PDS(LINNUM),ASS(LINNUM) 
IAREAIO/APARK,ABUFF,PCOST,BCOST 
IAREA18/RK4(2),DSELEVCNODNUM),SSELEVCNODNUM),DIAWM(LINNUM), 
DIADS(LINNUM),DIASS(LINNUM),CWM(LINNUM),CDS(LINNUM),CSS(LINNUM) 
IAREA19/TLCOST 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA2G/CORWDCLINNUM,2),AINTS(NODNUM),ALINK(LINNUM) 
,PVCOST(LINNUM),ACOL,ALOC,COLLEN,LOCLEN 
IAREA29/DSMAN(LINNUM),SSMAN(LINNUM),DSCOSL(LINNUM), 
SSCOSLCLINNUM),DSCOSNCNODNUM),SSCOSNCNODNUM) 
IAREA30/CBLEAD(4,2),CBDPTHC4),FLINK(NODNUM,4), 
BASINCNODNUM),CBCOSCNODNUM),LBASINCLINNUM),LCBCOS(LINNUM) 
,STRCATCNODNUH,NODNUH,4) 
IAREA31/TLEN,TAREA,RDPINTCLINNUM) 
IAREA34/STRLITCNODNUM,NODNUM,4),LTCOSLCLINNUM),LTCOSNCNODNUM), 
LTLINKCLINNUH),LTNODE(NODNUM) 
IAREA37/SRCOSTCLINNUM),FRONTCLINNUM),ASCHOL,AMULT,ACOM,AOTHER, 
ASUB,ASIDE(LINNUH),ASING,TSING,TMULT,APAVE,AWAL~{ . 
IAREA38/NYELD(NODNUM),NSTOP(NODNUM),TYELD,TSTOP,NSIGN(LINNUM), 
LYELDCLINNUM),LSTOPCLINNUH),SGCOSTCLINNUH),YDCOST(LINNUM), 
STCOSTCLINNUH) 
IAREA39/LINE,LINEl,LINE2,LINE3,LINE4 
IAREA40/TFRONT,GROSS,YSTLEN,YGROSS 
IAREA41/NCUL,N3WAY,N4WAY,NEXIT,NDEAD 
IAREA42/REVMAX,REVHIN,ASSUME 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
HHCOST,NBASIN,CBCOST,NTRAFF,TFCOST,TWK,TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IAREA44/PWSINGCLINNUH),PWMULTCLINNUM),GSSINGCLINNUM) 



-Ie 
~ 

~ 

& 
& 
& 
& 
8 

YSEC=5 
COL=? 
TIME=4 

,GSMULT(LINNUM),PHSING(LINNUM),PHHULTCLINNUM),UTCOST(LINNUM) 
IAREA45/WKCOSL(LINNUM),BRCOSL(LINNUM),RLCOSL(LINNUM) 
,BLCOSL(LINNUM) 
IAREA48/TCPAVE,GASl,POWl,PHl,GAS2,POW2,PH2 
IAREA51/TPAREA,SSPIPE,WMPIPE,DSPIPE 

~ sewpr/waterm~in system 
-Ie 
-Ie storm 5ewer 
~ 

WRITE (WUNITl,500) 
DO 100 I=l,TIME 

WRITE (WUNITl,502) 
100 CONTINUE 

CALL 5W'l:AJH.F. (COL, D lASS, CSS, SSCS, SSP IPE) 
WRITE (WUNIT1,410) SSPIPE,SSCOST 
DO 105 I=l,TIME 

WRITE (WUNITl,423) 
105 CONTINUE 

WRITE (WUNIT1,400) LINE 
*-
~ dome5tic sewer 
*-

WRITE (WUNITI,504) 
IIO 110 I=l,TIME 

WRITE (WUN1Tl,50G) 
110 CONTINUE 

CALL SWTABLF.(COL,DIADS,CDS,DSCS,DSPIPE) 
WRITE (WUNTTl,410) DSPIPE,DSCOST 
DO 115 I=l,TIME 

WRITE (WUNITl,423) 
115 CONTINUE 

WRITE (WUNIT1,400) LINE 
*-
~ w::ltpr m:3 i rt 
*-

WRITE (WUNITl,50S) 
DO 120 I=l,TIME 

WRITE (WUNITl,510) 
120 CONTINUE 

CALL SWTA~Lr(COL,D1AWH,CWM,WMCS,WMPIPE) 
WRITE (WUNITl,410) WHPIPE,WMCOST 
DO 125 I=l,TIME 

WRITE (WUNJTl,423) 
125 . CONTINUE 

*
*-

;" *-

WRITE (WUNITl,400) LINE 

*- manholes/catch-basins table 
XSEC=6 
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* 

* 

XSPA=20 
CALL rLTNr.(XSPA,XSEC,COL,O,O) 
HCOL=XSPA*XSEC 

LENGTH~J.FN('DOHESTIC SEWER HANHOLE') 
IFRONT=INT«2*XSPA-LENr,tH)/2.0)+COL+2 
LINE3(IFRONT:IFRONT+LENGTH)='DOHESTIC SEWER HANHOLE' 

LENGTH=~EN('STORH SEWER MANHOLE') 
IFRONT=INT«2*XSPA-LENGTH)/2.0)+COL+XSPA*2+2 
LINE3(IFRONT:IFRONT+LENGTH)='STORH SEWER MANHOLE' 

LENGTH=LEN('STORM SEWER CATCH-BASIN') 
IFRONT=INT«2*XSPA-LENGTH)/2.0)+COL+XSPA*4+2 
LINE3(IFRONT:IFRONT+LENGTH)='STORH SEWER CATCH-BASIN' 

LENGT~~LEN('LINK') 

IFRON!=INT«S-LENGTH)/2.0)+2 
LINE4(IFRONT:IFRONT+LENGTH)~'LINK' 

DO 140 1=1,3 
SPACE=XSPA*2*(I-l)+2 
LENGTH=tEN('QUANTITY') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='QUANTITY' 
LENGTH=LEN('COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='COST' 

140 CONTINUE 

* WRITE (WUNITl,S20) 
DOl SO 1= 1 , T tH E 

WRITE (WUNITl,S30) 
150 

WRITE 
WRItE 
WRITE 
WRITE 
WRITE 

* 

CONTINUE 
(WlINJTl,400) 
(WUNttl,400) 
(WUNITl,400) 
(WUNtTl,400) 
(WUNITl,400) 

LINE 
LINE3 
LINE2 
LINE4 
LINEl 

* set the total/counter to zero 
TDSHAN=O 
TSSMAN=O 
TSSCAT=O 
TDSCOS=O.O 
TSSCOS=O.O 
TCBCOS=O.O 

YTOTAL=YSEC+l 
DO 160 L=I,NLINK 

IF ( L.EQ.YTOTAL) THEN 
WRITE (WUNIT1,400) LINEl 
YTOTAL=YTOTAL+YSEC 

ENDIF 

TDSHAN=TDSHAN+DSHAN(L) 
TDSCOS=TDSCOS+DSCOSL(L) 



TSSMAN=TSSMAN+SSMAN(L) 
TSSCOS=TSSCOS+SSCOSL(L) 
TSSCAT=TSSCAT+LBASIN(L) 
TCBCOS=TCBCOS+LCBCOS(L) 

- --,J- - --

& 
WRITE(WUNTT1,420) L,DSMAN(L),DSCOSL(L),SSMAN(L),SSCOSL(L), 

LDASIN(L),LCBCOS(L) 
160 
*. 

CONTINUE 

WRITE (WUNTT1,400) LINE 
WRITE (WUNIT1,421) TDSHAN,TDSCOS,TSSHAN,TSSCOS,NBASIN,CBCOST 
DO 165 I=I,TIHE 

WRITE (WUNIT1,423) 
165 - CONT INUE 

*. 
*. 
*. 

WRITE (WUNTTl,400) LINE 

*. Ij9ht/strept 1en9th/si9n 
XSEC=6 
XSPA=20 
CALL CLTNE(XSPA,XSEC,COL,O,O) 
MCOL=XSPA*.XSEC 

LENGTH=LF.N('STREET LIGHT') 
IFRONT=tNT«2*.XSPA-LENGTH)/2.0)+COL+2 
L1NE3(IFRONT:IFRONT+LENGTH)='STREET LIGHT' 

LENGTH=LEN('STREET SIGN') 
IFRONT=INT«2*.XSPA-LENGTH)/2.0)+COL+XSPA*.2+2 
L1NE3(IFRONT:IFRONT+LENGTH)='STREET SIGN' 

LENGTH=LEN('TRAFFIC SIGN') 
IFRONT=INT«2*XSPA-LENGTH)/2.0)+COL+XSPA*4+2 
LINE3(IFRONT:IFRONT+LENGTH)='TRAFFIC SIGN' 

LENGTH=LEN('LINK') 
IFRONT=INT«5-LENGTH)/2.0)+2 
LINE4(IFRONT:IFRONT+LENGTH)='LINK' 

DO 1'70 1=1,3 
SPACE=XSPA*.2~(I-1)+2 
LENGTH=LEN('QUANTITY') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='QUANTITY' 
LENGTH=LEN('COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='COST' 

170 CONTINUE 
*. 

WRITE (WUNITl,540) 
DO 180 I=I,T1HE 

180 
WRITE 
WRITE 

WRITE (WUNIT1,545) 
CONTINUE 

(WUNITl,400) LINE 
(WUNITl,400) LINE3 
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WRITE (WUNtT1,400) LINE2 
WRITE (WUNITl,400) LINE4 
WRITE (WUNITl,400) LINE1 

YTOTAL=YSEC+1 
DO 183 L=l,NLINK 

IF ( L.EQ.YTOTAL) THEN 
W~IT£ (WUNITl,400) LINEI 
YTOTAL=YTOTAL+YSEC 

ENDIF 
TRAFIC=LSTOP(L)+LYELDCL) 
TRACOS=STCOST(l)+YDCOST(L) 

P~ge B-29 

WRITE(WUNIT1,430) L,LTLINKCL),LTCOSL(L),NSIGN(L),SGCOST(L), 
& TRAFIC,TRACOS 

183 CONTINUE 
WRITE (WUNtTl,400) LINE 
WRITE (WUNIT1,431) NLIGHT,LTCOST,TSIGN,CSIGN,NTRAFF,TFCOST 
DO 185 I=I,TIHE 

WRITE (WUNITl,423) 
185 CONTINUE 

* * * 

WRITE (WUNIT1,400) LINE 

* p~vement 
XSEC=9 
XSPA=13 
CALL CLINE(XSPA,XSEC,COL,O,O) 
HCOL=XSPA*XSEC 

DO 190 J=l,XSEC-l 
LINE2(COL+J*XSPA:COL+J*XSPA)='-' 
LINE3(COL+J*XSPA:COL+J*XSPA)=' , 
LINE4(COL+J*XSPA:COL+J*XSPA)=' , 

190 CONTINUE 

* LENGTH=LEN('LOCAL STREET') 
IFRONT=INT«3*XSPA-LENGTH)/2.0)+COL+2 
LINE3(IFRONT:IFRONT+LENGTH)='LOCAL STREET' 

LENGTH=LEN('COLLECTOR STREET') 
IFRONT=INT«3*XSPA-LENGTH)/2.0)+COL+XSPA*3+2 
LINE3(IFRONT:IFRONT+LENGTH)='COLLECTOR .STREET' 

LENGTH=LEN('TOTAL') 
IFRONT=INT«3*XSPA-LENGTH)/2.0)+COL+XSPA*G+2 
LINE3(IFRONT:IFRONT+L£NGTH)='TOTAL' 

LENGTH=LEN('LINK') 
IFRONT=INT«S-L£NGTH)/2.0)+2 
LINE4(IFRONT:IFRONT+LENGTH)='LINK' 

DO 191 I=1,3 
SPACE=XSPAA3*(I-1)+1 
LENGTH=LEN('LENGTH') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='LENGTH' 



191 
~ 

\ * 

LENGTH=LP.N(/AREA ( sq.m )/) 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)=/AREA ( sq.m )' 
LENGTH=LEN('COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*2+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)=/COST' 
CONTINUE 

LINE2(COL+3*XSPA:COL+3*XSPA)='+' 
LINE2(COL+G*XSPA:COL+G*XSPA)='+' 
LINE3(COL+3*XSPA:COL+3*XSPA)=' !' 
LINE3(COL+6*XSPA:COL+6*XSPA)='!' 
LINE4(COL+3*XSPA:COL+3*XSPA)='!' 
LINE4(COL+G*XSPA:COL+G*XSPA)=/!' 

WRITE (WUNIT1,550) 
DO 192 I=I,TIME 

192 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

WRITE (WUNIT1,55S) 
CONTINUE 

(WUNIT1,400) LINE 
(WUNITl,400) LINE3 
(WUNIT1,400) 
(WUNITl,400) 
(WUNIT1,400) 

LINE2 
LINE4 
LINEI 

'* * set the tot~J to zero 
LSCOST=O.O 
CSCOST=O.O 

YTOTAL=YSFC+l 
[I 0 1 9::1 L = 1 , N LIN ~( 

IF ( L.EQ.YTOTAL) THEN 
WRITE (WUNITl,400) LINEI 
YTOTAL=YTOTAL+YSEC 

ENIrIF 
IF ( TROAD(L).~Q.l) THEN 

CSCOST=CSCOST+PVCOST(L) 
WRITE (WUNIT1,470) L,O.O,O.O,O.O,RDPINT(L),ALIN.«L) 

8 ,PVCOST(L),RIrPINT(L),ALINK(L),PVCOST(L) 
ELSE 

LSCOST=LSCOST+PVCOST(L) 
WRITE (WUNIT1,470) L,RDPINT(L),ALINK(L),PVCOST(L),O.O 

& ,O.O,O.O,RDPINT(L),ALINK(L),PVCOST(L) 
ENDIF 

193 CONTINUE 
TCPAVE=I.SCOST+CSCOST 
CALL ASPLIT(4,TCPAVE) 
TPLEN=COLLEN+LOCLEN 
TPAREA=ACOL+ALOC 
WRITE (~UNITl,400) LINE 
WRITE (WUNTTl,471) LOCLEN,ALOC,LSCOST,COLLEN,ACOL,CSCOST, 

& TPLEN,TPAREA,TCPAVE 
no 194 T=l,TIME 

WRITE (WUNJT1,423) 
194 CONTINUE 

WRITE (WUNITl,400) LINE 
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*. 
*. 
Jr. 
Jr. 
* c; ioj E'W "3 H:.IclJrb 

XSEC=5 
XSPA=:?~ 
CALL C~INE(XCPA,XSEC,COL,O,O) 
MCOL=X S ?A,leXS"EC 

LENGTH~LEN('BARRIER CURB/GUTTER') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+2 
LINE3(IFRONT:IFRONT+LENGTH)='BARRIER CURB/GUTTER' 

LENGTH=LEN('ROLLED CURB/GUTTER') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+2 
LINE3(IFRONT:IFRONT+LENGTH)='ROLLED CURB/GUTTER' 

LENGTH=LEN('BLVD. CURB/GUTTER') 
IFRONT=INT«XSPA-LENGTH)/2.~)+COL+XSPA*.2+2 
LINE3(IFRONT:IFRONT+LENGTH)='BLVD. CURB/GUTTER' 

LENGTH=LEN('SIDEWALK') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*.3+2 
LINE3(IFRONT:IFRONT+LENGTH)='SIDEWALK' 

LENGTH=LEN('LINK') 
IFRONT=INT«S-LSNGTH)/2.0)+2 
LINE4(IFRONT:IFRONT+LENGTH)='LINK' 

LINE3(COL-f·XSPA:COL+XSPA)='! ' 
L INE4 (COL+XSPA: COL+XSPA) =' I ' 

LINE3(COL+XSPA*.3:COL+XSPA*.3)=' ! ' 
LINE4(COL+XSPA*.3:COt+XSPA*.3)=' I' 

DO 200 1=1,3 
SPACE=XSPA,le(I-l)+2 
LENGTH=LEN('LENGTH') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='LENGTH' 

200 CONTINUE 

210 

SPACE=XSPA,le3+1 
LENGTH=L~N('AR~A (sq. m)') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='AREA (sq. m)' 
LENGTH=LEN('COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='COST' 

WRITE (WUNIT1,580) 
DO 210 I=l,TIME 

W"R ITE 
WRIT'E 
WRITE 
WRITE 

WRITE (WUNIT1,S90) 
CONTINUE 

(WUNIT1,400) 
(WUNtTl,400) 
(WUNIT1,400) 
(WUNIT1,400) 

LINE 
LINE3 
LINE2 
LINE4 



rKUljKAM L l:JL una 

WRITE (WUNITl,400) LINEl 
-A 

-A set the tot~l/counter to zero 
TSRCOS=O.O 

YTOTAL=YSF.C+l 
IIO 220 L= 1 , NL INt' 

IF ( L.EQ.YTOTAL) THEN 
WRITE (WUNtTl,400) LINEl 
YTOTAL=YTOTAL+YSEC 

ENDIF 
TSRCOS=TSRCOS+SRCOST(L) 
WRITE(WUNIT1,4GO) L,BARIER(L),ROLLED(L),BLVD(L) 

·s ,ASIDE(L),SRCOST(L) 
220 CONTINUE 

WRITE (WUNITl,400) LINE 
WRITE (WUNITl,4Gl) TBR,TRL,TBL,TWK,TSRCOS 
DO 225 1=1,TIME 

WRITE (WUNITl,423) 
225 CONTINUE 

WRITE (WUNJT1,400) LINE 
-A 
-A 
*. * single family/multi-family units 

XSEC=9 
XSPA=13 
CALL CLTNE(XSPA,XSEC,COL,O,O) 
MCOL=XSPA*.XSEC 

LENGTH=LEN('SINGLF. FAMILY') 
IFRONT,=INT«4AXSPA-LENGTH)/2.0)+COL+2 
LINE3(IFRONT:IFRONT+LENGTH)='SINGLE FAMILY' 

LENGTH=I.F.N ( , MULT I-FAM IL Y' ) 
IFRONT=INT«4*.XSPA-LENGTH)/2.0)+COL+XSPA*.4+2 
LINE3(IFRONT:IFRONT+LENGTH)='MULTI-FAMILY' 

LENGTH=LF.N('LINK') 
IFRONT=tNT«S-LENGTH)/2.0)+2 
LINE4(JFRONT:IFRONT+LENGTH)='LINK' 

LENGTH=LEN('TOTAL') 
IFRONT=INl«XSPA-LENGTH)/2.0)+COL+XSPA*8+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='TOTAL' 

DO 230 1=1,2 
SPACE=XSPA*.4*.(I-l)+1 
LENGTH=lEN('UNITS') 
IFRONT=TNT«XSPA-LENGTH)/2.0)+COL+SPACE 
LINE4(IFRONT:IFRONT+lENGTH)='UNITS' 
LENGTH=LEN('GAS') 
IFRONT=TNl«XSPA-LENGTH)/2.0)+COL+XSPA+SPACE 
LINE4(IFRONT:IFRONTtLENGTH)='GAS' 
LENGTH=LEN('POWER') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*2+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='POWER' 
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LENGTH=LEN('TELEPHONE') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*3+SPACE 
LINE4(IFRONT:IFRONT+LENGTH)='TELEPHONE' 

230 CONTINUE 
-Ie 

LENGTH=LEN('TOTAL') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA/(S+1 
LINE4(IFRONr:IFRONT+LENGTH)='TOTAL' 

LINE4(COL+XSPA*2:COL+XSPA/(2)=' , 
LINE4(COL+XSPA/(G:COL+XSPA/(G)=' , 

WRITE (WUNIT1,SGO) 
DO 240 I=1,TIHE 

WRITE (WUNITl,S?O) 
240 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

CONTINUE 
(WUNITl,400) LINE 
(WUNITl,400) LINE3 
(WUNITl,400) 
(WUNtT1,400) 
(WUNITl,400) 

LINE2 
LINE4 
LINEl 

* 
-Ie set the total/counter to zero 

GASl=O.O 
POWl=O.O 
PHl=O.O 
GAS2=0.0 
POW2=0.0 
PH2=0.0 
tJTOTAL=O.O 

YTOTAl.=YSEC+l 
DO 241 L=1,NLINK 

IF ( L.F.G.YTOTAL) THEN 
WRITTI (WIJNITl,400) LINE1 
YTOTAL=YTOTAL+YSEC 

ENDIF 

GASl=GASl+GSSING(L) 
POW1=POW1+PWSING(L) 
PHl=PHl+PHSJNG(L) 
GAS2=GAS2+GSHULT(L) 
POW2=POW'iPWHULT(L) 
PH2=PH2+PHHULT(L) 
UTOTAL=UTOTAL+UTCOST(L) 

WRITE (WUNltl,4S0) L,INT(UNITS(L»,GSSING(L),PWSING(L), 
& PHSING(L),INT(HULTI(L»,GSHULT(L),PWHULT(L), 
& PHHULT(L),UTCOST(L) 

241 CONTINUE 
CALL ASPLITC16,GAS1) 
CALL ASPLITC1?,POWl) 
CALL ASPI.IT<lS,PHl> 
CALL ASPLIT(19,GAS2) 
CALL ASPLIT(20,POW2) 
CALL ASPLIT(21,PH2) 
TUSING=GAC1+POWl+PH1 
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TUMULt~GAS2+POW2+PH2 
WRITE (WUNITl,400) LINE 
WRITE (WUNITl,451) INT(TSING),GASl,POWl,PHl, 

& INT(TMULT),GAS2,POW2,PH2,UTOTAL 
DO 245 I=l,TIME 

WRITE (WUNITl,423) 
245 CONTINUE 

~ 

~ 

WRITE CWUNIT1,400) LINE 

~ con~truction cost tor each link 
~ 

246 
~ 

XSEC=5 
XSPA=24 
CALL CLJNF.CXSPA,XSEC,COL,O,O) 
MCOL=XSPA~XSEC 

TCONST=O.O 

DO 246 L=I,NLINK 
VALl=SSCS(L)+DSCSCL)+WMCS(L) 
VAL2=DSCOSt(t)+SSCOSL(L)+LCBCOS(L) 
VAL3=STCOST(L)+YDCOST(L)+SGCOST(L) 
VAL4=LTCOSt(L)+PVCOST(L) 
VAL5=GSSING(L)+PWSING(L)+PHSINGCL) 
VAL6=GSMULT(L)+PWMULT(L)+PHMULT(L) 
VAL7=WKCOSL(L)+8RCOSL(L)+RLCOSL(L)+8LCOSLCL) 
CNCOSL(L)=VALl+VAL2+VAL3+VAL4+VALS+VALG+VAL7 
TCONST=TCONST+CNCOSL(L) 
CONTINUE 

DO 247 1=1,4 
SPACE=COL~XSPA~I+l 

LENGTH=tEN('CONSTRUCTION COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+SPACE 
LINE3(IFRONT:IFRONT+LENGTH)='CONSTRUCTION COST' 

247 CONTINUE 
~ 

LENGTH=LEN('LINK') 
IFRONT=INT«S-LENGTH)/2.0)+2 
LINE4CIFRONT:IFRONT+LENGTH)='LINK' 

LENGTH=LF.N('CONSTRUCTION COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+I 
L.INE4(IFRONT:IFRONT+LENGTH)='CONSTRUCTION COST' 

LENGTH=LEN('PER PAVEMENT AREA') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+l 
LINE4(IFRONT:IFRONT+LENGTH)='PER PAVEMENT AREA' 

LENGTH=LEN('PER STREET LENGTH') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA~2+1 
LINE4(IFRONT:IFRONT+LENGTH)='PER STREET LENGTH' 

LENGTH=LEN('PER SALEABLE FRONTAGE') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA~3+1 
LINE4(IFRONT:IFRONT+LENGTH)='PER SALEABLE FRONTAGE' 



PROGRAH LISTING 

248 

* 

LENGTH=LEN('PER DWELLJNG UNIT') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*4+l 
LINE4(IFRONT:IFRONT+LENGTH)='PER DWELLING UNIT' 

XTOTAL=COL+XSPA*2 
LINE2(COL+XSPA:COL+XSPA)='+' 
DO 248 I=COL+XSPA+l,HCOL+COL 

IF ( I.NE.XTOTAL) THEN 
LINE2( I: 1)=' , 

ELSE 
XTOTAL=XTOTAL+XSPA 
L INE2 ( I: I) =' ! ' 

ENDIF 
CONTINUE 

L INE3 (~(lLi XSPA: COL+XSPA) =' ! ' 
LINE3(COL+XSPA*3:COL+XSPA*3)='I' 
LINE4(COL+XSPA:COL+XSPA)=' !' 
LINE4(COL+XSPA*3:COL+XSPA*3T='I' 

WRITE (WUNITl,591) 
DO 249 I=l,TIHE 

WRITE (WUNITl,595) 
249 CONTINUE 

* WRITE (WUNJTl,400) LINE 
WRITE (WUNtTl,400) LINE3 
WRITE (WUNITl,400) LINE2 
WRITE (WUNITl,400) LINE4 
WRITE (WUNITl,400) LINEl 

YTOTAL=YSEC+l 
DO 250 I=l,NLINK 

IF ( 1. EQ. YTOTAI.) THEN 
WRITE (WUNITl,400) LINEl 
YTOTAL=YTOTAL+YSEC 

ENDIF 
IF ( ALINK(T).F.Q.O.O) THEN 

RATl=O.O 
ELSE 

RATl=CNCOSL(I)/ALINK(I) 
ENDIF 
IF ( RDPINt(I).EO.O.O) THEN 

RAT2=O.O 
ELSE 
RAT2-CNCO~t(I)/RDPINT(I) 

ENDIF 
IF ( FRONT(I).F.O.O.O) THEN 

RAT3-0.0 
ELSE 

RAT3=CNCOSL(I)/FRONT(I) 
ENDIF 
IF «HULTT(I)+UNITS(I».EQ.O.O THEN 

RAT4=O.O 
ELSE 

RAT4=CNCOSL(I)/(HULTI(I)+UNITS(I» 

P.3ge £1-35 
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ENDIF 
WRITE (WUNITl,480) I,CNCOSL(I),RATl,RAT2,RAT3,RAT4 

250 CONTINUE 

WRITE (WUNITl,400) LINE 
WRT'l'r. (WIJNt'l'l,405) TCONS! 
IIO 255 1= J , TIME 

WRITE (WUNITl,423) 
255 CONTINUE 

*. 

*-

WRITE (WUNITl,400) LINE 

*. <SUMmary 
*-

WRITE (WUNITl,900) 
DO 257 I=l,TIME 

WRITE (WUNJTl,905) 
257 CONTINUE 

WRITE (WUNITl,910) 
DO 258 I=l,TIME 

WRITE (WUNITl,911) 
258 CONTINUE 

WRITE (WUNTTl,9l5) 
DO 259 I=l,TIME 

WRITE (WUNJTl,920) 
259 CONTINUE 

WRITE (WUNITl,92S) WMPIPE,WMCOST 
WRITE (WUNITl,930) DSPIPE,DSCOST 
WRITE (WUNITl,935) SSPIPE,SSCOST 
WRITE (WUNITl,940) ACOL,CSCOST 
WRITE (WUNITl,94S) ALOC,LSCOST 
WRITE (WUNITl,9S0) TPAREA,TCPAVE 
WRITE (WUNITl,9SS) TWK,WKCOST 
WRITE (WUNITl,960) TBR,BRCOST 

·WRITE (WUNITl,96S) TRL,RLCOST 
WRITE (WUNITl,970) TBL,BLCOST 
WRITE (WUNITl,980) TSRCOS 
WRITE (WUNITl,1063) APARK,PCOST 
WRITE (WUNITl,106S) ABUFF,BCOST 
WRITE (WUNITl,985) NBASIN,CBCOST 
WRITE (WUNITl,990) TDSMAN,TDSCOS 
WRITE (WUNITl,99S) TSSMAN,TSSCOS 
WRITE (WUNITl,lOOS) MNHOLE,MHCOST 
WRITE (WUNITl,lOlO) NLIGHT,LTCOST 
WRITE (WUNITl,lOlS) TSIGN,CSIGN 
WRITE (WUNITl,1020) NTRAFF,TFCOST 
WRITE (WUNITl,1030) INT(TSING) 
WRITE (WUNITl,103S) GASl 
WRITE (WUNITl,1040) POWl 
WRITE (WUNITl,1045) PHI 
WRITE (WUNITI,lOSO) INT(TMULT) 
WRITE (WUNITl,1035) GAS2 
WRITE (WUNITl,I040) POW2 
WRITE (WUNITl,104S) PH2 
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WRITE (WUNITl,1060) INT(TSING+TMULT),(TUSING+TUMULT) 
WRITE (WUNIT1,1070) TLCOST 
DO 260 I=l,TIME 

WRITE (WUNITl,1080) TLCOST 
260 CONTINUE 
.Jc 
-/( 

-/( 

-/( exit/cul-de-sac/intersections 
WRITE (WUNITl,600) 
DO 261 I=l,TIHE 

WRITE (WUNITl,610) 
261 CONTINUE 

WRITE (WUNITl,615) 
DO 262 I=1,TIHE 

WRITE (WUNITl,616) 
262 CONTINUE 

265 
-/( 

-/( 

WRITE (WUNJTl,617) 
WRITE (WUNIT1,620) 
WRITE (WUNITl,625) 
WRITE (WUNtTl,630) 
WRITE (WUNIT1,635) 
WRITE (WUNtTl,640) 
WRITE (WUNITl,645) 
WRITE (WUNITl,647) 
WRITE (WUNIT1,650) 
WRITE (WUNITl,651) 
WRITE (WUNITl,652) 
WRITE (WUNITl,653) 
WRITE (WUNITl,654) 
WRITE (WUNITl,65S) 
WRITE (WUNITl,656) 
WRITE (WUNITl,657) 
WRITE (WUNITl,658) 
WRITE (WUNITl,659) 
WRITE (WUNITl,660) 
WRITE (WUNITl,661) ASUB 

NCUL 
NDEAD 
N3WAY 
N4WAY 
NEXIT 

ASING 
AMULT 
ASCHOL 
APARK 
ABUFF 
ACOM 
APAVE 
AWALK 
AOTHER 

DO 265 I=l,TIHE 
WRITE (WUNITl,662) 
CONTINUE 

construction cost 
TCPTA=TLCOST/ASUB 
TCPGA=TLCOST/GROSS 
TCPST=TLCOST/TLEN 
TCPPV=TLCOST/APAVE 
TCPNA=TLCOST/(ASING+AHULT) 
TCPSA=1LCOST/ASING 
TCPSr,=TLCOST/TSING 
TCPDW=TI.COST I (TS ING+THULT) 
IF ( TFRONT.GT.O.O) THEN 

TCPFG=TLCOST/TFRONT 
ELSE 

TCPFG=O.O 
ENDIF 
WRITE (WUNITl,66S) 



[10 270 I=1,TIME 
WRITE (WUNITl,670) 

270 CONTINUE 

272 

*-

WRITE (WUNTTl,67S) 
[10 272 1=1,TIME 

WRITE (WUNITl,676) 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

CONTINUE 
(WlINTT1,681) 
(WUNtT1,682) 
(WUNIT1,68S) 
(WUNIT1,687) 
(WUNIT1,684) 
(WUNIT1,683) 
(WUNIT1,686) 
(WUNITl,689) 
(WUNITl,688) 

TCPTA 
TCPGA 
TCPNA 
TCPSA 
TCPPV 
TCPST 
TCPFG 
TCP[lW 
TCPSG 

* density of the suh-division 
GSING=GROSS-AMULT 
GMULT=GROSS-ASING 
SIGPGA=TSING/GSING 
MULPGA=TMULT/GMULT 
TOTPGA=(TSING+TMULT)/GROSS 

SIGPNA=TSTNG/(ASING+AMULT) 
MULPNA=TMULT/(ASING+AMULT) 
TOTPNA=(TSING+TMULT)/(ASING+AMULT) 

WRITE (WUNTTl,690) 
DO 280 l=l,TIME 

WR ITE (WUN IT] ,700) 
280 CONTINUE 

WRITE (WUNITl,710) 
['02821=1,TIME 

WRITE (WUNIT1,711) 
202 CONTINUE 

WRITE (WlINITl,720) 
DO 283 J=l,TIME 

WRITE(WUNITl,721) 
283 CONTINUE 

WRITE (WUNITl,72S) 
WRITE (WUNIT1,730) 
WRITE (WUNITl,73S) 
WRITE (WUNITl,740) 
WRITE (WUNITl,750) 
DO 284 J=l,TIHE 

INT(TSING),GSING,SIGPGA 
INT(THULT),GHULT,HULPGA 
INT(TSING+THULT),GROSS,TOTPGA 

284 
WRITE 
WRITE 
WRITE 
WRITE 

WRITE(WUNIT1,751) 
CONTINUE 

(WUNITl,760) 
(WUNITl,730) 
(WUNITl,735) 
(WUNITl,740) 

INT(TSING),(ASING+AHULT),SIGPN~ 
INT(THULT),(ASING+AHULT),HULPNA 
INT(TSING+THULT),(ASING+AHULT),TOTPNA 



PROGRAH LISTING P:~ge B-39 

~ yi~ld efficiency 
WRITE (WUNITl,780) 
DO 290 I=l,TIHE 

WRITE (WUNITl,790) 
290 CONTINUE 

WRITE ~WUNITl,795) 

DO 292 I=I,TIHE 
WRIT~ (WUNIT1,79G) 

292 CONTINUE 
WRITE (WUNIT1,aOO) TFRONT 
WRIT~ (WUNIT1,805) TLEN 
WRITE (WUNITl,810) GROSS 
WRIT~ (WUNtTl,815) YSTLEN 
DO 294 1=I,TIHE 

WRITE (WUNIT1,825) 
294 CONTINUE 

WRITE (WUNJT1,820) YGROSS 

TCOS=TCPFG+ASSUHE * CALL GRAPH(REVHAX,REVHIN,TCOS) 
CALL GRAPH(3500.0,2500.0,2300.0) 

400 
410 

& 
420 
421 
423 
430 
431 
440 
450 

& 
4S1 

& 
4GO 

& 
4Gl 

& 
470 

& 
471 

& 
480 

& 
& 

48S 
500 
S02 
S04 
SOG 
SOB 

f~ORHAT (lX,A132) 
FOR HAT <lX,' 'TOTAL!' ,8X,FI0.2, 'm', lOX,' I' ,29X 
,'! ',29X,'!',5X,'$',3X,FIO.2,10X,' I') 
FORHAT (IX,' ",lX,I3,lX,'!',3(GX,I4,9X,'! ',2X,'S',FIO.2,GX,'! '» 
FORHAT (IX,'! TOTAL!' ,3(6X, 14,9X,' I' ,2X, '$' ,FIO.2,GX,"'» 
FORHAT (' of ' " TOTAL') 
FORHAT (]X,"',lX,I3,IX,'! ',3(GX,I4,9X,' I ',3X,'$',F10.2,5X,'! '» 
t'ORHAT <lX,' !TOTAt" ,3(6X, I4,9X,'!' ,3X, '$' ,F10.2,5X,"'» 
FORMAT (IX,'! ',5X,IG,7X,' !',2(GX,IG,7X,' I '),59X,' I') 
PORHAT (lX,' !',IX,t3,lX,'!',2(4X,t4,4X,' !',3(lX,'$' 
,F9.2,lX,'!'»,IX,'S',F9.2,IX,'!') 
FORHAT (lX,'!TOTAL!',2(4X,I4,4X,'!',3(lX,'S' 
,F9.2,lX,'!'»,lX,'S',F9.2,IX,'! ') 
FOR HAT (IX,'!',lX,I3,lX,'!',3(SX,FIO.2,'m',7X,'!'), 
GX,FI0.2,7X,'!',IX,'$',4X,FI0.2,7X,'!') 
FORHAT (lX,'!TOTAL!',3(5X,FIO.2,'m',7X,'!'), 
GX,FI0.2,7X,'!',IX,'$',4X,FI0.2,7X,'! ') 
~ORHAT (IX,'!',lX,I3,lX,'!',3(FIO.2,'m',lX,'!',lX,FIO.2,lX,'!$', 
FIO.2,IX,'!' » 
FORHAT (IX,'!TOTAL!',3(FI0.2,'m',IX,'!',IX,FI0.2,IX,'!$', 
FIO.2,IX,'!'» 
FORHAT (lX,'!',IX,I3,IX,'!',SX,'$',IX,FI0.2,GX,' !',2X,FIO.2 
" S/sq. m/ ,3x,/!',2(4x,FIO.2,' S/m',5X,'!'),2X,FIO.2 
, I S/uni.ts' ,3X,'! ') 
FORHAT (lX,'!TOTAL!',5X,'$',lX,FIO.2,GX,'!',9SX,'!') 
FaRHAT ('I',' S TOR H SEW S R S Y S T E H') 
FORHAT ('i',' S TOR H SEW E R S Y S T E H') 
~ORHAT ('I',' DOH EST I C SEW E R S Y S T E H') 
FORHAT ('+',' DOH EST I C SEW E R S Y S T E H') 
PORHAT ('I',' W ATE R HAt N S Y S T E H') 



510 PORMAT ( , .~ , , , IJ A T E Ii' M A T N S Y S T E M' ) 
520 FORMAT ('1',' M A N H 0 L E S 3: e A T e H - II A S I N 5' ) 
530 FORMAT ('~',' M A N H 0 L E S & e A T C H - II A S I N S' ) 
540 FORMAT ('I',' S T R E E T R E Q U I R E M E N T 5') 
545 FORMAT ("~',' S T R £ 1:: T R E Q U t Ii' E M E N T S' ) 
550 FnRMAT ('I',' P A V E M E N T r N FOR M A T r 0 N' ) 
555 FORMAT ('+',' P A V E M E N T I N F 0 R M A T r 0 N' ) 
550 FORMAT ('I',' F A M I L Y U N I T S ' ) 

570 FORMAT ('+',' F A M I t Y U N I T S ' ) 
580 FORMAT ('1',' S I D E W A L t< R E Q U I R E M E N T S' ) 
590 FORMAT ( , + ' , , S I D E W A L t< R E Q U I R E M E N T 5') 
591 FORMAT ('I',' C 0 N 5 T R U C T I o N e 0 5 T' ) 
595 FORMAT ( , + ' , , e 0 N S T R U e T I 0 N C 0 5 T' ) 
500 FORMAT ( , 1 ' , , S I T E S P E C I F I C I N F 0 R M A T I 0 N' ) 
610 FORMAT ('+',' S I T F. S P £ e I F I e I N F 0 R M A T I 0 N I :. 

615 
51G 

F.ORMAT 
FORMAT 

(IX,' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN/) 

('+',' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN') 

517 
620 
625 
530 
535 
640 
645 
647 
550 
651 
552 
653 
654 
655 
555 
657 
558 
659 
660 
661 
562 
655 

Ie 0 S 
670 

Ie 0 s 
675 

576 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
F.ORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
T' ) 

F(lRMAT 
T' ) 

FORMAT 

(11111,lX,'Road Elements :') 
(11,5X,'DE5CRIPTION',20X,'QUANTITY') 
(1,6X,'Cul-de-sacs',22X,I4) 
(/,GX,'De~d-ends',24X,I4) 

(/,6X,'Three-way intersections',10X,I4) 
(/,6X,'Four-way intersections',1Ix,I4) 
(/,6X,'Subdivision exits',16X,I4) 
(11111,lX,'t~nd Use Distribution :') 
(11,6X,'DESeRIPTION',24X,'AREA') 
(/,5X,'Net sin9le tamily',12X,FlO.2,' Ha') 
(/,5X,'Net multi-tamily',13X,FI0.2,' Ha') 
(/,GX,'School',23X,FlO.2,' Ha') 
(/,5X,'P~rk',25X,FIO.2,' Ha') 
(/,GX,'Bufter',23X,FIO.2,' Ha') 
(/,GX,'eommercial',19X,FlO.2,' Ha') 
(/,5X,'P~vement',21X,FIO.2,' Ha') 
(/,6X,'Sjdewalk / ,2IX,FI0.2,' Ha') 
(/,GX,'Other',24X,FlO.2,' Ha') 
(~X,'------------------------',lOX,'-------------') 

(/,3X,'Gross Subdivision Area',10X,FIO.2,' Ha') 
('~',2X,'Gross Subdivision Area') 
('1',' SUD D I V 1St 0 NCO N S T Ii' U C T ION 

('+',' S U ~ D I V I S ION CON S T R U C T ION 

(] X, , 

FORMAT ('~', , NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN~ 

681 FORMAT (11111,' Total construction cost per total subdivision 
&are~ = ',FIO.2,' $/Ha',/) 

682 FORMAT (/,29X,'9ross area',13X,'= ',FIO.2,' $/Ha') 
683 PORMAT (/,29X,'street len9th',10X,'= ',FIO.2,' $/m') 
684 FORMAT (/,29X,'pavement area',IOX,'= ',FlO.2,' $/Ha',/) 
685 FORMAT (/,29X,'net are~',lSX,'= ',FIO.2,' $/Ha') . 
686 FORMAT (/,29X,'saleable frontage',6X,'= ',FIO.2,' $/m',/) 
687 FORMAT (/,29X,'sin91e t~mily area',5X,'= ',FIO.2,' $/Ha') 
688 FORMAT (/,29X,'sin9Ie tamily',lOX,'= ',FIO.2,' $/units') 
689 FORMAT (/,29X,'total dwelling unit',4X,'= ',FlO.2,' $/units' ) 
690 FORMAT ('I',' 5 U B D I V I S ION DEN 5 I T Y') 
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700 
710 
711 
720 
721 
725 

& 
730 , 
73S 

t 
740 

& 
7S0 
7S1 
7GO 

& 
780 
790 
795 
796 
800 
805 
810 
815 

& 
820 

~ 
82S 
900 
90S 
910 
911 
915 
920 
925 
930 
935 
940 

& 
94S 

& 
9S0 

& 
95S 

& 
9GO , 
9GS 

& 
970 

& 
980 

& 
98S 

& 
990 

P.:lge B-41 

fORMAT (' 1-' " sun (I T V t S TON (I ENS I T Y') 
FORMAt (IX,' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN') 

fORMAT ('+',' NNNNNNNNNNNNNNNNNNNNNNNNN~NNNNNNNNNNN/) 

FORMAT (11111,lX,'Unit d@nsity b~sed on GROSS ~re~ :') 
::ORMAT (' -1-' , 22X, , GROSS' ) 
FORMAT (11,6X,'FAMILY UNrT',20X,'QUANTITY',20X,'GROSS AREA' 
,20X,'DENSITY') 
FORMAT (/,GX,'Sin91e',2lX,IG,' units',lGX,FI0.2,' H~', 
l3XiFI0.2,' units/Ha') 
FORMAT (/,GX,'Multi',22X,IG,' units',lGX,FI0.2,' Ha', 
13X,fI0.2,' units/Ha') 
FORMAT (/,GX,'Total',22X,IG,' units',IGX,FIO.2,' Ha', 
13X,FI0.2,' units/Ha') 
FORMAT (111/I,lX,'Unit density based on NET area :') 
FORMAT ('+',22X,'NET') 
FORMAT (II,GX,'FAHILY UNIT',20X,'QUANTITY',21X,'NET AREA' 
,21 X, , DENS ITY , ) 
FORMAT ('I',' Y I E L D E F F I C lEN C Y') 
FORMAT ('+',' Y IE L D E r F I C lEN C Y') 
FORMAT (IX,' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN') 

PORMAT ('+',' NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN') 

FORMAT (111,GX,'Salpable frontage :',10X,FIO.2,'m') 
FORMAT (/,GX,'Street length :',14X,FIO.2,'m') 
FORMAT (/,GX,'Gross subdivision area :',5X,FlO.2,' Ha') 
fORMAT (1//,6X,' YIELD - based on Tot~1 Stre~t Length :',10X, 
FlO.::!,' n1/m') 
FORMAT (/,13X,'- b~sed on Gross Subdivision Area :',7X, 
f.'10.2,' m/Ha') 
FORMAT ('+',5x,' YIELD') 
~ORMAT ('I',' SUM MAR Y') 
FORHAT ('+',' SUM MAR Y') 
FORMAT (lX,' NNNNNNNNNNNNN') 

FORMAT ('+',' NNNNNNNNNNNNN') 

FORMAT (1//I/,GX,'DESCRtPTION',2SX,'QUANTITY',40X,'COST') 
FORMAT ('+',5X,'DF.SCRIPTION',25X,'QUANTITY',40X,'COST') 
FORMAT (/I,GX,'WATERMAIN',22X,FIO.2,'m',34X,'S',lX,FIO.2) 
FORMAT (6X,'DOMESTIC SEWER',17X,FI0.2,'m',34X,'S',lX,FIO.2) 
FORMAT (GX,'STORM SEW~R',20X,FI0.2,'m',34X,'$',lX,FIO.2) 
FORHAT (II,GX,'COLLECTOR STREET',15X,FIO.2,'sq. m',30X, 
',' ,lX,FIO.2) 
FORMAT (GX,'LOCAL STREET',19X,FlO.2,'sq. m',30X, 
"',lX,FIO.2) 
FORHAT (6X,'SUBTOTAL PAVEHENT',34X,FlO.2,'sq. m',30X, 
"',lX,FIO.2) . 
FORHAT (11,GX,'SIDEWALK',23X,FIO.2,'sq. m',30X, 
'S',lX,FIO.2) 
F.ORHAT (GX,'BARRIER CURB I GUTTER',lOX,FIO.2,'m',34X 
,'S',lX,FIO.2) 
FORHAT (GX,'ROLLED CURB I GUTTER',11X,FIO.2,'m',34X 
,"',lX,FIO.2) 
FORHAT (6X,'BLVD. CURB I GUTTER',12X,FIO.2,'m',34X 
,"',lX,FIO.2) 
FORHAT (GX,'SUBTOTAL SIDEWALK REQUIREMENT',G7X, 
"',lX,FIO.2) 
FORHAT (11,GX,'CATCH-BASIN',23X,I4,2X,' units',30X, 
'S',lX,FIO.2) 
FORHAT (II,GX,'DOHRSTIC SEWER HANHOLE',12X,I4,2X,' units',30X, 
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& 
CJCJ5 

& 
1005 

& 
1010 

& 
1015 

& 
1020 

& 
1030 
1035 
1040 
1045 
1050 
1060 

0 ar 

1063 
& 

1065 
& 

1070 
1080 
*-
*-

RETURN 
END 

, $ , , 1 X , F 1 0 .2) 
FORMAT (6X,'STORM SEWER MANHOLE',15X,I4,2X,' units',30X, 
'$',lX,FIO.2) 
FORMAT (GX,'SUBTOTAL MANHOLE',38X,I4,2X,' units',30X, 
'$' ,1X,F10.2) 
FORMAT (11,6X,'DTREET LJGHT',22X,I4,2X,' units',30X, 
'$',1X,F10.2) 
FORMAT (6X,'STREET SIGN',23X,I4,2X,' units',30X, 
'S',1X,FI0.2) 
FORMAT (6X,'TRAFFIC SIGN',22X,I4,2X,' units',30X, 
'$',lX,F10.2) 
FORMAT (1/,6X,'SJNGLE FAMILY',21X,I4,2X,' units') 
FORMAT (lOX,'- GAS',67X,'S',lX,F10.2) 
FORMAT (]OX,'- POWER',65X,'S',lX,FIO.2) 
FORMAT (lOX,'- TELEPHONE',61X,'S',lX,F10.2) 
FORMAT (6X,'MULTI-FAMILY',22X,I4,2X,' units') 
FORMAT (6X,'SUBTOTAL UTILITIES',36X,14,2X,' units',29x, 
't',]X,FIO.2) 
FORMAT (//,6X,'PARK nEVELOPMENT',15X,F10.2,'Ha',33X, 
'$',lX,F10.2) 
FORMAT (GX,'BUFFER DEVELOPMENT',13X,F10.2,'Ha',33X, 
't',lX,F10.2) 
FORMAT (/1,11X,'T a T A L',62X,'$',lX,F10.2) 
FORMAT ('+',lOX,'T 0 T A L',62X,'$',lX,FI0.2) 
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B.2.6 SUBROUTINE: ATTACH 

SUBROUTINE ATTACH 

********~A~*A******************************~*~****~*~*****~**********~* 
* * * SUBROUTINE ATTACH * 
** 
*********~x*************************************~********************** 
* * * * XXXXXX-
* ATTLIN the links associate with the 9iven node. ( NOTE: m~x. link c~n 

attach to the given node is 4 ) * * * * * ~ 

* * * * * * 

* * * 

ALINK - the area of thp road on ~ link. 
AINtS - area of intersection. 
CORWD correspondin9 road"width ot the given link. 
LROAD - length ot the road on a link (calculate). 
DSLINK - domestic 5ewer elev. ot a given link. 
SSLINK - storm sewer elev. ot a given link. 
EXIT - ~ fla9 indicates the exit node 
L,N,J - loop counter 

PARAMETER 
& NODNUM=IOO,LINNUM=150,INTNUM=10 

INTEGER 
& ATTLIN,FXIT 

REAL 
& LROAD 

COMMON 
& IAREA~/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RAIIIUS(NODNUM), 

~ ANGLECNODNUH) 
& IAREA3/NLINK,NODEICLINNUM),NODE2CLINNUM),LLINKCLINNUM), 
& UNITSCLINNUM),MULTICLINNUM),AREA(LINNUM) 
, IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROADCLINNUH) 
& IAREA26/CORWD(LINNUM,2),AINTS(NODNUM),ALINK(LINNUM) 
, IAREA21IATTLIN(NODNUM,4),EXITCNODNUM) 
& IAREA32/SSLINK(NODNUM,4),AVEDEPCLINNUM),DSLINKCNODNUM,4) 

* This is a supplementary pr09ram ot the PAVEMENT routine, * it will set all the calculated variables to zero * betorp the PAVEMENT routine is called. * And it also find all the links that associate with the node. 

* * 
* * clear the variables 



PftOGftAM LltiTlNli 

200 
100 

'* 
'* *-

DO 100 L=l,NLINK 
LROAD(I)=O.O 
ALIm{(L)=O.O 
DO 200 J=I,2 

CORIJ[I(L,J)=O.O 
CONTINUE 

CONTINUE 

DO 300 N=J,NNODE 
DO 400 J=1,4 

SSLINK(N,J)=9999.9 
DSLINK(N,J)=9999.9 

400 CONTINUE 

300 
*-
*-
*-

RETURN 
END 

EXIT(N)=O 
AINTS(N)=O.O 
find th~ ~~soci~te links to the 9iven node 
CALL ADJ(N,-l,IJD) 
CONTINUE 

& o:;r";).:= .... - ... 
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B.2.7 SUBROUTINE: CATBAS 

SUBROUTINE CATBAS 

********A*~************************************************************** 
* * * * * CATCHBASIN * * REQUIREMENTS * 
* * * * ************************************************************************* 
* * 
* * NTYPE - node type. * ATTLIN the links associate with the given node. ( NOTE: max. links can * ~tt~ch to the given node is 4 ) * CLINK - current link in the memory. * CDPTH - depth of the basin lead from the ground level. ( value returned * from CATDEPTH routine ) * CL~AD - length of the c~tchbasin lead. ( value returned from * CATDEPTH routine ) * AVEDEP - average depth of the storm sewer of the current link * WROAO - wi~th of the ro~~ of a given link. * CBDPTH - depth of the basin lead from the 9round level. 
* C9tSAD - length of th~ c~tchbasin lead. * BASIN - numb~r of c~tch-b~sin~ required for current node. * FLINK - fl~g indic~tes the dr~in~ge link. 
* CBCOS - the ~o~t of the c~tch-b~sins for current node. 
It Nfl,OW - nlJRlber of. ~r:~inage flow for CIJrrent rlode. * SSLINK - storm sewer e]@v. of ~ 9iven link. * COASIN - total number of catch-basins required in the sub-division. 
* CRCOST - tot~l cost of th@ c~tch-basins * STRLEN - street length between two intersections or intersection/dead * end/cul-de-sac * SPACAT - sp~cing of catch-basin * BASHGT - the height between the le~d and the bedding. * BASDED - the height of the bedding. * OFFSET - the distance from the center of the street. * NBASIN - number of catch-basins per street len9th ( city block ) * STRCAT - number of catch-basins per street length ( city block ) * ( record the values in the memory ) * PATH - the links between two intersections or intersection/dead 
* @nd/cul-de-sac * LBASIN - number of catch-basins required for current link ( include the 
* the catch-basins for associated node ) 
~ LCBCOS - the cost ot the catch-basins for current link ( include the 
* the catch-b~sins tor associated node ) * routine ) * Nt number ot links ~ssocisted with a given node * NBL - number ot links between two intersections or intersection/dead 
* pnd/cul-de-sac * BRANCH - number ot possible paths 
* BULB -.~ tl.~g indicates t.ne bulb CIJrve (s) fOIJnd. 
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'* FtAG 

'* 
- a flag indicate~ the direction of the dr~in~ge flow. 

whe>n FI.AG = 0 n\f~.3rIS f] ow OIJt 

'* '* NI,N? 
flAG = 1 me~ns flow in 

- loop counter 
'* 1,.J,I< -- loop cOlJrlter 
'* SS - 5ub5cript 

'* *. 
*. 

*' 
*' 
*' 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER 
& FLAG,CI.JNK,ATTLIN,BASIN,PATH,BRANCH,STRCAT 

INTEGER 
& CBASIN,RUNITl,RUNIT2,WUNITl,WUNIT2,FLINK,BULB,ERRFLG 

REAL 
8 LROAD, Cr.F.AD (2) ,I.CDCOS 

COMMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& , 

IARF.A~/NNOnF.,NTYPECNODNUM),ELEV(NODNUM),RADIUSCNODNUM), 

ANGLECNODNUM) 
IARF.A3/NLINK,NODEICLINNUM),NODE2CLINNUM),LLINKCLINNUM), 
UNITSCLINNUM),MULTICLINNUM),AREACLINNUM) 
IAREA4/LROADCLINNUM),WROADCLINNUM),TROADCLINNUM) 
IAREAlS/COSTll(6),COST12C9,S),COST13C9,14),COST14,COST15,COST16, 
COSTl?,COST18(9) 
IAREA18/RK4(2),DSELEVCNODNUM),SSELEVCNODNUM),DIAWMCLINNUM), 
DIADSCLINNUM),DIASSCLINNUM),CWMCLINNUM),CDS(LINNUM),CSSCLINNUM) 
IAREA19/TLCOST 
IAREA20/ERRFLG 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA25/SPAMAN,SPALIT,SPACAT 
IAREA26/CORWD(LINNUM,2),AINTS(NODNUM),ALINKCLINNUH) 
IAREA27/ATTLINCNODNUM,4),EXITCNODNUM) 
IAREA28/STRLENCNODNUM,NODNUM,4),PATH(NODNUM,4,NODNUM) 
IAREA30/CBLEADC4,2),CBDPTHC4),FLINKCNODNUM,4), 
BASINCNODNUM),CBCOSCNODNUM),LBASINCLINNUH),LCBCOS(LINNUM) 
,STRCATCNODNUM,NODNUM,4) 
IAREA32/SSLIN.'CNODNUH,4),AVEDEP(LINNUM),DSLINK(NODNUH,4) 
IAREA33/BASHGT,BASBED,OFFSET 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
MHCOST,CBASIN,CBCOST,NTRAFF,TRACOS,TWK,TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 

*' TEMPORARY HEIGHT OF THE BASIN 
BASHGT=.4S 
BASBED=.20 
OFFSET=3.G5?G 
SPACAT=300~12*,2.54/100 
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~ set th~ tot~l to zero 
CBASIN=O 
CBCOST=O.O 

no 90· J = J ,NNO[lE 
*- <;et till? sub-tot.31 ( pE'r nodE' ) to zero 

CBCOS(I)=O.O 
BASIN(I)=O 
DO 95 N=I,NNODE 

DO 100 J=1,4 
Ie set the flow link tla9 to zero 

FLINK(I,J)=O 
*- set thE' number ot catch-basins per streE't lE'n9th ( city block ) to zero 

STRCAT(I,N,J)=O 
100 CONTINUE 
95 CONTINUE 
90 CONTINUE 
Ie 

[10 110 L=l,NLINK 
~ set the ~ub-total ( per link ) to zero 

LBASIN(L)=O 
LCBCOS(L)=O.O 

Ie set the average depth to zero 
AVEDEP(L)=O.O 

110 CONTINUE 

* ;4.: 

*-
"-

DO 120 I=J,NNODE 
* determine the number of catch-b~sin per every intersection 
Ie ~nd th~ cost of the c~tch-b~sins 

:.~ 

"-

IF ( NTYPF.(I).F.Q.3 .OR. NTYPE(I).EQ.4 THEN 

A determine the number ot catch-basin per every intersection 
"- set the flow counter to zero 

NFLOW=O 
Ie 
"- set the link counter to zerb 

NL=O 
Ie 
*- find out which associatE'd links drain into the current node 

DO 130 J=1,4 
CLINK=ATTLIN(I,J) 
IF ( CLINK.F.Q.O) GOTO 130 

Ie COUNT Tm~ NUMBER OF L INK ATTACHED TO NODE 
NL=NL+l 

Ie ELIMINATE THE EASEMENT 
IF ( WROAD(CLINK).EO.O.O) GOTO 130 
CALL DRAIN(I,CLINK,FLAG) 
IF ( FLAG.NE.-l) THEN 

NFLOW=NFLOW+FLAG 
IF ( FLAG.EO.l) THEN 

FL INK ( I, J) = 1 
ENDIF 

ELSE 
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FLIN.( I,J)=-l 
IF ( ERRFI.G.EQ.O ) TKEN 

WRITE(S,350)'CATBAS-W-No drainage ( f1~t surf~ce 
& ) for link t',CLINK 

ENrtIF 
IF ( ERRFI.G. EQ. 1 ) THEN 

WRITE(WUNJT2,3S0)'CATBAS-W-No dr~in~ge ( f1~t 
'surf~ce ) for link .',CLINK 

ENDIF 
IF ( ERRFI.G. EQ. 2 ) THEN 

WRITE(S,350)'CATBAS-W-No drainage ( flat surf~ce 
, ) for link .',CLINK 

WRITE(WUNIT2,3~0)'CATBAS-W-No drainage ( flat 
&surf~ce ) for link t',CLINK 

ENDIF 
ENDIF 

130 CONTINUE 
*-
*- check th~ di~jn~g~ condjtion 
*- and ~dd enough c~tch-b~~ins to the node 

IF ( NFLOW.NE.O) THEN 
IF ( NFLOW.Nt.NTYPE(I» THEN 

BASINCI)=NFl.OW+l 
ELSE * does th~ node associate with ~n easement? 

&node t',1 

&node .',1 

IF C NL.~Q.NTYPECI) ) THEN 
BASINCI)=-l 
IF C ERRFI.G.EQ.O ) THEN 

WRITECS,35S)'CATBAS-W-No drain~ge exit at node .',1 
ENIIIF 
IF C ERRFI.G. F.Q.l ) THEN 

WRITE(WUNIT2,35S)'CATBAS-W-No drain~ge exit ~t 

ENIIIF 
IF ( ERRFLG.FG.2 ) THEN 

WRITECS,35S)'CATBAS-W-No drainage exit at node .',1 
WRITE(WUNIT2,35~)'CATBAS-W-No drainage exit at 

ENDIF 
ELSE 

*- there is an easement 
BASINCI)=NFLOW 

END1F 

* 
*-

ENDIF 
ELSE 

BASIN( 1)=0 
ENDIF 

* calculate the cost of the catch-basins per node 

* * determine all the possible len9th ot the catch-basin lead 
DO 140 J=1,4 

CL INK=ATTI. IN ( I, J) 
IF ( CLJNK.FQ.O .OR. WROAD(CLINK).EQ.O.O) THEN 

CBLEAOeJ,1)=9999999.99 
CBLEAD(J,2)=9999999.99 
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CBDPTH(J)=O.O 
ELSE 

CALL CATDEPTH(I,CLINK,O,O.O,CLEAD,CDPTH) 
CBLEAD(J,l)=CLEAD(l) 
CBLEAD(J,~)=CLEAD(2) 

CBDPTH(J)=CDPTH 
ENDIF 

140 CONTINUE 
Ie 

*-
Ie check th~ number of catch-basins required 
Ie ~nd determine the price of the catch-basins 
*- no catch-basins required 

IF C BAStNCt).LE.O) THEN 
CBCOS(I)=O.O 

ELSE 

CALL CATCALC(I,NFLOW) 
ENDIF 

P:~'3e B-49 

*-le*-le*Ie*Ie*~lele*lelele*Ie**lelele*lelelelelele****lele**lelelelelele*lelelelelele*le**-*-*-*-*-~Ie*-*-*-*-*
WRITE (088,990) I 

999 

990 
991 
992 
993 
994 
901 
995 

WRITE (088,991) (FLINK(I,J),J=1,4) 
WRITE (088,994) (ATTLIN(I,J),J=1,4) 
WRITE (088,995) (SSLINK(I,J),J=1,4) 
DO 999 J=1,4 
IF ( CBLEAD(J,1).GT.99999.0 ) THEN 
WRITE (088,993) ATTLIN(I,J) 
ELSE 
WRITE (088,992) ATTLIN(I,J),(CBLEAD(J,NQ),NQ=1,2) 
ENDIF 

CONTINUE 

fORMAT (/,lX,'AT NODE :',3X,I3) 
FORMAT (10X,'LINKS HAVE FLOW IN :',4(3X,I3» 
FORMAT (10X,'LINK :',3X,I3,3X,'LEAD LENGTH :',2(3X,F9.3» 
FORMAT (lOX,'LINK :',3X,I3,3X,'LEAD LENGTH :',2(3X,' --------'» 
FORMAT (10X,'ATTACHEO LINKS :',4(3X,I3» 
FORMAT (SX,'FIND THE CORRECT PERP. LINK',II) 
FORMAT (10X,'S. S. LINK ELEV. :',4(3X,F9.3» 

*-le*-lelelele~A~Alelelelelelelelelelelelelelelelelelelelelele*Ie*-*-*lele*-*-lelele*1e1e1e1e1e1e1e1eIe Ie Ie Ie Ie Ie Ie Ie Ie Ie Ie *-*-Iele Ie 
ENDIF 

Ie 
-At 

Ie 
Ie add one catch-basin to the cul-de-sac/dead end 
Ie an~ fin~ the co~t ot the catch-basin 
Ie 

120 
*-

IF ( NTYPE(I).EQ.l) THEN 
CALL CATNODE(I) 

ENDIF 
CONTINUE 



I 

'* 
'* ~ detE'rmine thE' numbE'r of c~tch-b~sins per link * ~nrl thp co~t of th~ c3tch-b3sins 

* DO 150 Nl=l,NNODE 

*

* 
DO 160 N2=I,N1 

* set thE' numbE'r of c~tch-basins per street len9th ( or city block ) * to zero 
NBASIN=O 
IF ( Nl.EQ.N2 

BRANCH=l 
ELSE 

BRANCH=4 
ENDIF 
[10 165 J=I,4 

THEN 

IF ( STRLFNCNl,N2,J).NE.0.0) THEN 
IF ( ORANCH.GT.O) THEN 

BRANCH=BRANCH-I * set thE' numbE'r of Jinks between two intersections or intersection/dead 
A end/~1J1-d~-s.'3c to zero 

NBL=O * determinE' the numbE'r of links between two intersections or * int~rs~ction/dp~d end/cul-de-s~c 

170 NBL=NBL+I 

* 

CLINK=PATHCN1,J,NBL) 
IF ( CLINK.EQ.O) THEN 

NBL=NBL-1 
ELSE 

GOTO 170 
ENDIF 

* cornE'r rheck 

165 
160 
150 

* * * * add IJ[1 

DO 190 

190 

* 

CALL CORCHK(Nl,J,NBL,BULB) 

IF ( BULB.FQ.O) THEN 

ELSE 

ENDIF 
ENDIF 

ENDIF 

CALL CATLIN(Nl,N2,J,1,NBL,0,0.0) 

CALL CORNER(Nl,N2,J,NBL) 

CONTINUE 
CONTINUE 

CONTINUE 

t.hE' total 
I=l,NLIN~~ 

CBCOST=LCBCOS(I)+CBCOST 
CBASIN=LOASIN(I)+CBASIN 
CONTINUE 
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CALL ASPLtT(II,CBCOST) 
TLCOST=TLCOST+CBCOST 

~ WRITE(WUNtTl,320)CBASIN,CBCOST 
320 FORMAT(lOX,'CATCH-BASIN (t)',T40,IG,T54,F7.0,/) 
350 fORMAT(IX,A49,I4) 
355 PORMAT(lX,A36,I4) 
~ 
~ 

~ 

~~*~~~~~~~*~*~~*~*~~~****************************~************~****~****~*~1 

* OUTPUT THE RESULT (SPECIAL) 
DO 911 Nl=l,NNODE 
DO 902 N2=1,Nl 

DO 903 J=I,4 
IF ( STRLF.N(Nl,N2,J).NE.0.0) THEN 
WRITE (088,950) Nl,N2,J,STRLEN(Nl,N2,J),STRCAT(Nl,N2,J) 
ENDIF . 

903 CONTINUE 
902 r.ONTINUE 
911 CONTINUE 

DO 904 t=l,NNODE 
WRITE (OC8,900)I,BASIN(I),CBCOS(I) 

904 CONTINUE 
DO 905 I=l,NLINK 
WRITE (008,931)I,LBASIN(I),LCBCOS(I) 

905 CONTINUE 

WRITE (088,920)CBASIN 
WRITE (088,910)CBCOST 

920 FORMAT ('1',' BASIN =',3X,I3) 
910 ~ORMAT (II,' BASIN COST =',3X,FIO.3) 
931 PORMAT (IX,'LINK',2(3X,I3),F9.3) 
900 FORMAT (lX,'NOOE',2(3X,I3),F9.3) 
950 FORMAT (' ','FROM NODE ',3X,I3,3X,' TO NODE ',3X,I3,3X,' BRANCH' 

&,3X,t3,3X,' LENOTH ',3X,F9.3,3X,'9ASIN ',3X,I3) 
RETURN 
END 
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F.Z.S SUBROUfINE: CLEAR 

SUFROUTJNF CLEAR 

110 
100 

INTEG8n ~SC,FLA,J,Q,SH 

ESC=27 
BLA=91 
J=74 
0=63 
SH=104 

WRITE(S,lOO) FSC,BLA,2,J 
WRITr.(S,110) ESC,BLA,O,6,SH 

PRINTA,'RESIDENTIAL AREA COST ANALYSIS HODEL (R A C A H)' 
PRINTA,'----------------------------------------------------, 
PRINT,/.; 

RETURN 
END 

FORMAT (/+',3A,Il,A) 
FORMAT ('+',2A,Il,A) 
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B.2.9 SU~ROUTINE: CREATE 

SUBROUTINF. CREATE 
* *~**~~******~*~~~*~~~**~*~*~***~******~**~~**~~~~~*********** 
~ ~ This subroutine org~nizes 'to' ~nd 'from' nodes, * 
* ~ determinps which links ~re involved in e~ch of the * * ~ infr~ structure systems, ~nd associ~tes links to * 
~ * cre~tp the TBTRY-, -W, -D, -8 d~t~. * 
~ **~****~**~**~***********************~*****~*~**~**~***~~**** * * NLINK =number ot links. * A ~tEV =ground elev~tions ot nodes. * * NOnEl,NODE2=nodes describing links. 
* * TBTRY =returned v~lues trom GROUP 1 subroutine. * * X,XI-X4=miscellaneous use. * * CHONUM=number of choices made for ~ given subsystem * * CHOI.NK=1 i nle. i dent it i ers ot 1 inks .3 cho ice W.3S m.3de over .. * * -(index,1-3). * * -1 is the n~me of the link not chosen. 
A k -2 is the n~me of the link chosen. 
* * -3 is thp name of the node at which the choice was made. 

A * NWMtNK=number of w~termain links. 
~ ~ WLINKS=links involved in watermain system. 
A * NWMGRP=number ot triblJt.uy grolJPs in w:~term.3in system. 
* * TBTRYW=watermain system 'to'l'trom' link associations. 

A *. NDALNK=number of dome~tic sewer links. * * DJ.JNKS=links involved in domestic sewer system. * * NDSGRP=number ot tributary grolJps in domestic sewer system. 
~ * TBTRYD=domestic sewer system 'to'l'from' link ~ssoci~tions. 

* * NSST.NK=r,umb~r of ~tornl sewer lirdl"s. 
* * SI.INKS=links involved in storm sewer system. 
* * NSSGRP=nlJmber of tribut~ry groups in storm sewer system. 
* * TBTRYS=storm sewer system 'to'l'from' link ~ssociations. 

PARAMETER 
& NODNUM=JOO,I.INNUM=150,INTNUM=lO 

INTEGER 
& WLINKS,DI.INKS,SLINKS,CHONUM,CHOLNK(25,3),TBTRYW,TBTRYD, 
& T9TRYS,ERRFLG,TRIFLG,RUNITl,RUNIT2,WUNIT1,WUNIT2,X 

COMMON 
& IARF.A2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 

IAREA3/NLINK,NODEl(LINNUH),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA6/NWMLNK,WLINKS(LINNUM),NWMGRP,TBTRYW(LINNUM,4) 

& 
& 
& 
& 
& 
& 
& 

IAREA1INDSLNK,DLINKS(LINNUM),NDSGRP,T9TRYD(LINNUM,4) 
IAREA8/NSSLNK,SLINKS(LINNUM),NSSGRP,TBTRYS(LINNUM,4) 
IAREA20/ERRFLG,ICDFLG,IDAFLG,TRIFLG 
IAREA21/RUNIT1,RUNIT2,WUNIT1,WUNIT2 

*******IcIcIcA * Organize nodes: higher nodes in NODEI and lower nodes in NODE2. IclclcAlclclclclclclc ) 



DO 10, L=l, NLINK 
IF(ELEV(NODE2(L».GT.ELEV(NODEl(L»)THEN 
X=NODEl(L) 
NODEl(L)=NODF2(L) 
NODE2(L)=X 
ENDIF 

10 CONTINUE 

*. *.*."'-"'-"'*.*.*.*.*.*. 
~ A Cre~t~ TBTRYW data. 
*. *.*-*.*."'-*.*-*-*-I<*-

CALL GROUPl(NWMLNK,WLINKS,CHONUM,CHOLNK,NWMGRP,TBTRYW) 

*- I<*-*-*-*-*-*-*-*-*-* * * Cre~te TFTRYD d~ta. 

* **-*******1<* 

CALL GROUP2(NDSLNK,DLINKS,CHONUM,CHOLNK,NDSGRP,TBTRYD) 

*- I< Inform the ~ser of any choices in links that were made. 

20 

*-

30 

*-
-A 
-A 

IF(CHONUM.NE.O)THEN 
DO 20, L=l, CHONUM 
IF(ERRFLG.EG.O) WRITE(S,200) CHOLNK(L,1),CHOLNK(L,2), 

& CHOLN~{(L,3) 

IF(ERRFLG.EG.l) WRITE(WUNIT2,200) CHOLNK(L,1),CHOLNK(L,2), 
& CHOLN~'(L,3) 

IF(ERRFLG.FG.2) THEN 
WRITE(S,200) CHOLNK(L,1),CHOLNK(L,2),CHOLNK(L,3) 
WRITE(WUNIT2,200) CHOLNK(L,I),CHOLNK(L,2),CHOLNK(L,3) 

ENDIF 
CONTINUE 

ENII IF 

* r: J P. .:n CHONUM .:;Ind CHOLNt' 
DO 30, L=l, 25 
CHOLNtn L, ] ) =0 
CHOLNK(L,2)=0 
C H 0 L m{ ( 1. , 3 ) = 0 
CONTINUE 
CHONUM=O 

*-*-I<*-*-*-I<-A-A*--A 
*- Create TBTRYS d.at.! • 
1r.-A1r.*--A-A-AIr.-AI<-A 

CALL GROUP2(NSSLNK,SLINKS,CHONUM,CHOLNK,NSSGRP,TBTRYS) 

*- Ir. Inform the user of any choices in links that were made. 
IF(CHONUM.NE.O)THEN 

DO 40,. L=l, CHONUM 
IF(ERRFLG.ED.O) WRITE(S,201) CHOLNK(L,1),CHOLNK(L,2), 

& CHOLN." L, 3) 
IF(ERRFLG.EG.l) WRITE(WUNIT2,201) CHOLNK(L,1),CHOLNK(L,2), 

& CHOLN.( ( L, 3) 
IF(ERRFLG.EG.2) THEN 

WRITE(S,20]) CHOLNK(L,1),CHOLNK(L,2),CHOLNK(L,3) 
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WRITE(WUNIT2,201) CHOLNK(L,I),CHOLNK(L,2),CHOLNK(L,3) 
ENDIF 

40 CONTINUE 
END IF 

A A DQ th~ following output only if the fl~9 indic~tes th~t it 
*. A ~hculd be done. 

IF(TRI~LG.EQ.O)THEN 

*. *.*.*.*.A *.*.*-*-*-*-* A Output W~t~rmain tribut~ry dat~. 
*- ****.~**-*-*-*-*-

WRITE(UUNITl,202) 
X=1 
DO WHIL£«TBTRYW(X,1).NE.0).AND.(X.LE.150» 

WRI!E(UUNIT1,203) «TBTRYW(X,L»,L=1,4) 
X=X+1 

ENDDO 

A **.~~~**.*-*-**-* A Output Domestic Sewer tributary d~t~. 
*. *****-*-**-*-**-

WRITE(WUNITl,204) 
X=1 
DO WHILE«TBTRYD(X,1).NE.0).AND.(X.LE.150» 

WRITE(WUNIT1,203) (CTBTRYDCX,L»,L=I,4) 
X='.(+l 

ENDDO 

*. ****-***-*-*-*-*-* * Output Storm Sew~r tribut~ry d~t~. 
* *.**.*-*-****-**. 

WRITE(WUNITI,206) 
X=1 
DO WHILECCT~TRYS(X,1).NE.0).AND.(X.LE.150» 

WRITE(WUNITl,203) «TBTRYS(X,L»,L=1,4) 
X=X+l 

ENDDO 

ENDIF 

200 
& 

FORHAT(lX,'CREATE-I-A path choice was m~de in domestic sewer', 
, system:',/IX,TS,'- Link not chosen - .',13, 

& 
& 

201 
& 
& 
& 

202 
& 

203 

204 

IIX,TS,'- Link chosen - .',13, 
IIX,TS,'- Loc~tion (node) - .',13,/) 

FORHAT(lX,'CREATE-I-A path choice was m~de in storm sewer', 
, system:',/IX,TS,'- Link not chosen - .',13, 
11 X, TS , , - I. i nk chosen - .', 13, 
IIX,TS,'- Location (norle) - .',13,/) 

FORHAT('l','--- WATFRHAIN TRIBUTARY DATA ---'I,' 
R@ceptor link') 
FORHAT(2X,3I4,5X,'-',3X,I4) 

Feed L i rd'-.!: 

FORHAT('l','--- DOHESTIC SEW£R TRIBUTARY DATA ---'I,' 
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& Link~ Receptor link') 
205 FORMAT(3X,3J4,4X,'-',3X,I4) 

206 FORMAT('J','- STORM SEWER TRIBUTARY DATA - , / , , Feed 
SLinks Receptor link') 

207 FnRMAT(5X,3J4,4X,'-',3X,I4) 

END 
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B.2.10 SUBROUTINE: DHSTC 

SUBROUTINE DMSTC(DSCOST) 
*********************************************************************** 
* * 
~ SUBROUTINE DMSTC * 
* * * This 5ubroutine desi9ns the DOMESTIC SEWER system. For e~ch * * link, th@ ~IJbroutin~: (1) estimates the generated domestic * * sewer flow, (2) calculates the slope and the pipe size needed * * to carry the estimated s~wer flow, (3) selects a standard sized . * * dompstic sewer pipe based on the c~lculated diameter, (4) * * verifies the maximum and minimum allowable water velocities, * * (5) adjusts the pipe slope and/or the pipe size to meet the * * tolerances set by th~ maximum and minimum allowable water * * velocities, and (6) calculates the average depth ot ground * * cover ov@r the dom@stic sewer. * 
* * *********************************************************************** 
* * * * * 
* * 

DSCOVR 
DSDPTH 
DSCOST 
OPCDS 

- MINIMUM DEPTH OF COVER FOR DOMESTIC SEWER (M) 
- DEPTH OF DOMESTIC SEWER eM) 
- TOTAL COST OF DOMESTIC SEWER ($) 
- DOMESTIC SEWER FLOW PER CAPITA 

(455 LITRES PER CAPITA CONVERTED TO CMS PER CAPITA 
AS OBTAINED FROM HAMILTON/WENTWORTH) 

* SLOPF. - SLOPE BETWEEN NODEI AND NODE2 
* OS LOPE - SLOPE OF THE DOMESTIC SEWER PIPE BETWEEN THE ORIGIN 

* * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

NODE AND THE DESTINATION NODE 
OSELEV - ELEVATION OF DOMESTIC SEWER PIPE (M) 
TDAREA - TOTAL DRAINAGE AREA OF EACH DESTINATION LINK (ACRES) 
Al - TOTAL DRAINAGE AREA OF EACH LINK (ACRES) 
Xl - TOTAL DRAINAGE AREA OF EACH LINK (HECTARES) 
ODS - TOTAL GENERATED SEWER FLOW (CFS) 
D - CALCULATED DIAMETER OF PIPE (M) 
02 - REOUIRED DIAMETER OF DOMESTIC SEWER PIPE (M) 
DIADS - DIAMETER OF DOMESTIC SEWER PIPE (mm) 
INDX2 - DIAMETER INDEX FOR DOMESTIC SEWER (1 - 5) 
DINDX2 - DEPTH INDEX FOR DOMESTIC SEWER (1 - 9) 
CDS - THE PER UNIT COST OF DOMESTIC SEWER FOR EACH LINK ($) 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=IO, 
& OPCDS=45S.0/(24.0*60.0*60.0*IOOO.O) 

INTEGER DINDX2,TBTRYD,WUNITl,WUNIT2,RUNIT1,RUNIT2,CONST,ERRFLG 
REAL LLINK,MULTI 
COMMON 

& , , 
& 
& 
& 
& 
& 
& 
& 

/ARBA2/NNODF.,NTYPE(NODNUM),ELEV(NODNUM) 
IAREA3/NLINK,NODEl(LINNUH),NODE2(LINNUH),LLINKCLINNUH), 
UNITSCLINNUM),MULTI(LINNUH),AREA(LINNUM) 
/AREA7/NDSLNK,DLINKS(LINNUH),NDSGRP,TBTRYD(LINNUM,4) 
/AREA9/IO,L,P(LINNUM),PDS(LINNUM),ASS(LINNUM) 
/AREAlS/COSTlI(6),COST12(9,5),COSTI3e9,14),COSTI4,COST15,COSTI6, 
COSTI7,COST18(9) 
/ARF.A1S/RK4(2),DSELEV(NODNUM),SSELEV(NODNUM),DIAWM(LINNUM), 
DIADS(LINNUM),DIASS(LINNUM),CWM(LINNUM),CDS(LINNUM),CSS(LINNl 
/AREA20/IDIFLG,ID2FLG,ODIFLG,OD2FLG,WATFLG,DMSFLG,STMFLG,MANFL'j, 



& 
& 
& 
& 

.-~- - --
SDWFLG,STRFLG,STLFLG,STSFLG,UTIFLG,PARFLG,OPRFLG,ECOFLG,ERRFLG 
IAREA21/RUNIT1,RUNIT2,WUNIT1,WUNII2 
IAREA22/PEOPLE,WVHIN,FRICTN,USE,FLOAD 
IAREA23/DSCOVR,DSVHIN,DSVMAX 

DSCOST=O.O 
WRITE(WUNIT1,2l5)DSVMIN,DSVMAX,DSCOVR 

215 FORMAT('IDOHESTIC SEWER',IX,14(':'),II, 

216 

& 3X,'MINIMUM ACCEPTABLE PIPE VELOCITY (MIS) = ',F7.3,1 
& 3X,'MAXIMUM ACCEPTABLE PIPE VELOCITY (MIS) = ',F7.3,11, 
& 3X,'MINIMUM DEPTH OF GROUND COVER OVER PIPE (M) = ',F7.3, 
& IIT83'DEPTH OF EXCAVATION',I,T9,'TRIBUTARY',T36, 
& 'GROUND',T46,'CALCULATED',T72,'PIPE',T83,'-------------------, 
& ,TI07'AVERAGE'I' LINK'T9'POPULATION FLOW RATE SLOPE' 
& T47'DIAMF.TF.R'T59'VELOCITY'T72'SLOPE'T84'NODE1'T96'NOIIE2'T108 
& 'DEPTH'TlI9,'LINK'I,' (t)',T12,'(t)',T24,'(CMS)'T36'CM/M)', 
& T49'(M)'T60,'(M/S)',T72,'(M/M)',T05,'(M)',T97,'(M)',Tl09,'(M)', 
& T119,'(t)',/) 

DO 229 I=I,NDSGRP 
TPOP=O.O 
DO 228 J=I,3 

CONST=TBTRYD(I,J) 
IFCCONST.LE.O) THEN 

GOTO 228 
ENDIF 
TOLINK=O.O 
DO 216 K=1,NDSGRP 

IF(CONST.ED.TBTRYD(K,4» THEN 
TOLINK=l 

ENDIF 
CONTINUE 

Pl=(UNITSCCONST)+MULTI(CONST»*PEOPLE+PDS(CONST) 
TPOP=TPOP+Pl 

CALCUI.ATE THE GENERATF.D DOMESTIC SEWER FLOW 
USING THE FOLLOWING EDUATIONS OBTAINED FROM 
City of Hamilton/Wentworth, Dept. of En9ineerin9 
Subdivision Consu1tin9 En9ineer's Guide, 1982 

FM=5.0/«P]/IOOO)**O.2) 
IF(FM.LT.2.0) THEN 

FM=2.0 
ELSEIF (~M.GT.5.0) THEN 

FM=5.0 
ENDIF 
DDS=Pl*DPCDS*FM 
E1=ELEV(NODE1(CONST» 
E2=ELEV(NODE2(CONST» 
GSLOPE=(E1-E2)/LLINK(CONST) 
IF(GSLOPE.LE.O) THEN 

SLOPE=O.0001G9 
ELSE 

SLOPE=GSLOPE 
ENDIF 
DSLOPE=SLOPE 
D=(3.20e*DDS*FRICTN/SDRT(DSLOPE»**O.375 
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* *-

* *. 
217 

218 

219 

& 
& 
& 

& 
& 
& 

DD=D 

CHOOSE A PIPE DIAMET.ER THE SAME SIZE OR LARGER 
THAN THE CALCULATED DIAMETER REOUIRED 

IF (DD.LT..0.200) THEN 
D2=0.200 
INDX2=1 

ELSEIFCOO.LT.0.2SO) THEN 
D2=0.2S0 
INDX2=2 

ELSEIF (DD.LT.0.300) THEN 
D2=0.300 

ELSE 
INDX2=3 

D2=0.375 
INDX2=4 

ENDIF 
DIADSCCONST)=D2 
CALL DIAMTR~DIADSCCONST),QDS,DSLOPE,FRICTN,DSVMIN 

,DSVMAX,VEL) 
IFC(VEL.GT.DSVMAX).AND.(D2.LT.0.37S» THEN 

DD=D2 
DSLOPE=SLOPE 
GOTO 217 

ENDIF 
DSDPTH=DSCOVR+DIADS(CONST)+0.100 
DSEl=~LEVCNODEl(CONST»-DSDPTH 
IF(TOLINK.GT.O.S) THEN 

GOTO 219 
ENDIF 

nSF,2=DSEI-LLINK(CONST)*DSLOPE 
IF(DSELEV(NODE2(CONST».GT.DSE2) THEN 

DSELEV(NODE2(CONST»=DSE2 
ENDIF 
CALL DEPTH (ELEVCNODE1CCONST», 

ELEV(NODE2(CONST», 
DSE1,DSE2, 
DPTHl,DPTH2,ADPTH,DINDX2) 

IF«DPTH2*1.001).LT.DSDPTH) THEN 
DSEl=DSEl-DSDPTH+DPTH2 
GOTO 218 

ENDIF 
GOTO 220 

IF(DSELEV(NODE1(CONST».GT.DSEl) THEN 
DSELEV(NODE1(CONST»=DSEl 

ENDIF 
DSE2=DSELEV(NODEl(CONST»-LLINK(CONST)*DSLOPE 
IF(DSELEV(NODE2(CONST».GT.DSE2) THEN 

DSELEV(NODE2(CONST»=DSE2 
ENDIF 
CALL DEPTH (ELEV(NODE1(CONST», 

ELEV(NODE2(CONST», 
DSELEV(NODE1(CONST»,DSE2, 

DPTHl,DPTH2,ADPTH,DINDX2) 
IF«DPTH2*1.001).LT.DSDPTH) THEN 

DSELEV(NODEl(CONST»=DSELEV(NODEl(CONST»-



r nuun ... n ... .&.w.&. .&.,,,U 
---~- - --

220 

* *. 

& 

ENDIF 

DSDPTH+DPTH2 
GOTO 219 

CDS(CONST)=COST12(DINDX2,INDX2) 
DSCOST=DSCOST+CDS(CONST)*LLIN~'(CONST) 
DIADS(CONST)=DIADS(CONST)*lOOO.O 
WRITE(WUNITI,227)CONST,Pl,ODS,GSLOPE,D,VEL,DSLOPE,DPTH1, 

DPTH2,ADPTH,CONST 

* save the depth of excavation 

227 
228 

229 

CALL DSSDPTH(CONST,DPTHl,DPTH2) 

FORMAT(I4,X,FIO.O,2X,S(2X,FIO.S)4X,I4) 
CONTINUE 

PDS(TBTRYn(I,4»=PDS(TBTRYD(I,4»+TPOP 
CONTINUE 

CALL ASPI. n' (2, DSCOST) 
RETURN 
END 
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B.2.11 SUBROUTINE: ECONOM 

*-

SUBROUTINE ECONOH 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=10 

INTEG~R WUNITI,TYPE,TIHE 

REAL MNCOST,INTRST 

COHMON , , 
& , 
& 
& 
& 

TIME=3 

IAREAI/NINT,INTRST(INTNUH),LIFE(INTNUM) 
IAREA19/TLCOST,THCOST,TOCOST 
IAREA21/RUNIT1,RUNIT2,WUNIT1,WUNIT2 
IAREA49/IMCOST(2S),HGRAD(25),HGRATE(2S),MINST(2S),MLIFE(25) 
,MNCOST(2S,3),HCAPAF(2S,10,3) 
IAREA50/IOCOST(2S),OGRAD(2S),OGRATE(25),OINST(25),OLIFE(25) 
,OPCOST(2S,3),OCAPAF(2S,10,3) 

*- add up th@ annual operation and maintenance cost 
TOCOST=O.O 
THCOST=O.O 
DO 100 TYPE=1,25 

TOCOST=OPCOST(TYPE,2)+TOCOST 
TMCOST=MNCOST(TYPE,2)+TMCOST 

100 CONTINUE 
TACOST=TMCOST+TOCOST 

WRITE (WUNTTl,400) 
DO 110 I=l,TIME 

WRITE(WUNTTJ,410) 
110 CONTINUE 

WRITE (WUNITl,420) 
DO 120 I=I,TIME 

120 
WRITE 
WRITE 
WRITE 

WRITE(WUNITl,430) 
CONTINUE 

(WUNITl,440) 
(WUNITl,4SS) 
(WUNIT1,450) 

TLCOST 
THCOST 
TOCOST 

WRITE (WUNIT1,4GO) 
DO 130 I=l,TIHE 

WRITE (WUNITl,4?0) 
130 CONTINUE 
Ie 
*- calcu1~t. the annual and present worth 

DO 140 N=l,NINT 
PW=UNFORM1(INTRST(N),LIFE(N),TACOST)+TLCOST 
AC=UNFORH(INTRST(N),LIFE(N),TLCOST)+TACOST 
WRITE(WUNITl,480)INTRST(N),LIFE(N),PW,AC 

140 CONTINUE 
Ie 

) 
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~ calcul~te pr~sent worth and annual costs ~t ~n infinite life 
~ at th@ last 9iven interest r~te 
-A 

RI=INTRST(NINT)/IOO 
PW=TACOST/RI+TLCOST 
AC=TLCOST~RI+TACOST 
WRITE(WUNtTl,490)INTRST(NINT),PW,AC 

990 FORMAT(T9,FG.2,T20,'INFINITE',T33,F9.0,T49,F9.0) 
~ 

~ 
400 
410 
420 
430 
440 
450 
455 
4GO 

470 

480 

490 

~ 

~ 

~ 

& 

& 

& 

& 

RETURN 
END 

FORHAT ('1',' D ETA I LED A N A L Y SIS') 
FORMAT ('+',' D ETA I LED A N A L Y SIS') 
FORMAT (IX,' MMMMMMMNMNMMMNMMMMMNMNNMMMMNMNNNN') 

FORMAT ('+',' NNMNMMMMMMMMMMNMMNNMMMNMMMMNMMMMN') 

FORMAT (II,' CONSTRUCTION COST',5X,':',5X,'$',2X,FI0.2) 
FORMAT (I,' ANNUAL OPERATION COST :',5X,'$',2X,FIO.2) 
FORMAT (I,' ANNUAL MAINTENANCE COST :',3X,'$',2X,FI0.2) 
FORMAT (11111,12X,'INTEREST',14X,'LIFE',12X,'PRESENT WORTH' 
, 9X, , ANNUAl. COST') 
FORMAT ('+',11X,'INTEREST',14X,'LIFE',12X,'PRESENT WORTH' 
,9X,'ANNUAL COST') 
FORMAT (12X,FG.2,lX,'~',12X,I5,lX,'yr',eX,'$',2X,FI2.2, 
6X,'$',2X,Fll.2) 
FORMAl (]2X,FG.2,IX,'~',12X,'INFINITE',8X,'$',2X,FI2.2, 

GX,'$',2X,Fl1.2) 
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B.2.l2 SUBROUTINE: ERRCHK 

SUBROUTINH ERRCHK 
* ***~********************************************************* * * This <;IJbroutine checks the v.'3lidity of mlJch of the irlput. * 
* *k*~~************************************************* ******* * A CH'2~{ED=keeps tr.'3ck of which links h.3ve been cle.3red. 
-At * C. F. KIN = k e e pst r .2 c k 0 f w h i chi ink s h.3 V e bee rl p ·3 sse d d IJ r i rig * k ~h~ te<;t of the current link. * * RLFLNK=the link the test is currently rpferencing - th(s st~rts * * ~t the link being te<;ted, and moves along the path of 
* * the test. * * BRANUM=the nu.ber ot branches (forks in the path) passed. * * BRALNK=holds the link numbers before each branch. * * NliMPTH=number ot poss ib Ie p.3ths test C·3n fo 11 ow. * A PATHR =~ li<;t of the link number of e~ch path. * * FLAGl =signifies an end to the test for a given link. 
* * FLAG2 =signifies a return to 3 former br3nch loc~tion 
* * ~nd recalculation of possible p~ths. * * X,Xl,X2=miscell~neous v~ri3bles. 

PARAMETER 
& NODNUM=lOO,LINNUM=lSO,INTNUM=lO 

INTEGER CHEKED(LINNUH),CHEKIN(LINNUH),REFLNK,BRANUM,BRALNK(25), 
& NUMPTH,PATHS(6),FLAGl,FLAG2,Xl,X2,ERRFLG,WUNIT2 

COMMON 
& IAR£A2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 

IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLIN.{(LINNUH), 
IAREA20/ERRFLG 

& 
& 
& IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 

* *********** * * Chpck each link for it h~ving out-of-r~nge node values. 

* *********** 
DO 10, L=l, NLINK 
IF«NODE1(J.).GT.NNODE).OR.(NODE2(L).GT.NNODE»THEN 
IF(ERRFLG.ED.O) WRITECS,200)'ERRCHK-I-Link .', 

& L,'references ~n out ot range node.' 
IFCERRFLG.ED.l) WRITE(WUNITl,200)'ERRCHK-I-Link .', 

& L,'references an out of range node.' 
IF(ERRFLG.EO.2) THEN 

WRITE(S,200)'ERRCHK-I-Link I', 
& L,'reterences an out ot r3nge node.' 

WRITE(WUNITl,200)'ERRCHK-I-Link I', 
& L, , references an out ot r .3nge node.' 

ENDIF 
ENDIF 

10 CONTINUE 

* *********** * * Check each link for it having the same node ~t e~ch end. 
* *********** 

DO 20, L=l, NLINK 
IFCNOnEI(t).~D.NODE2CL»THEN 
IF(ERRFLG.ED.O) WRITE(S,201)'ERRCHK-I-Link I', 

) 



r"J(UI.:U(Rn LJ:;'lJ.",U 

& L,'h~s the ~~me node ~t e~ch end.' 
IFCERRFI.G.FQ.]) WRITE(WUNJTl,201)'ERRCHK-I-Link t', 

S L,/h~s the ~~mp node ~t e~ch end.' 
IF(ERRFLG.FQ.2) THEN 

WRITE(5,20]) 'ERRCH~(-I-Link t', 
& L,/h~s the s~me node ~t e~ch end.' 

WRITE(WUNIT2,201)'ERRCHK-I-Link 
, L,'h~s the s~me node at each end.' 

EN[lIF 
EN[I IF 

20 CONTINUE 

* *********** 

.' , 
* * Cherk P3ch link for it havin9 the same endpoints as another link. 

* *********** DO 30, 1.]=1, NLIN~( 

DO 30, L2=1, NLINK 
X=O 
IF(L2.NF.LJ )THEN 

U(NODFJ 0.1) .EO.NO[lEl<L2) )THEN 
IF(NODE2(LI).EO.NODE2(L2» X=l 
ENDIF 
IF (NODE2 (1.1) • EO. NODE I (1.2) ) THEN 
IF(NODEl(LI).EO.NODE2(L2» X=l 
ENDIF 
IF(X.EO. J )THEN 
IF(ERRFLG.FO.O) WRITE(5,202)'ERRCHK-I-Link t', 

& Ll,'h~5 the same nodes as link t',L2 
IF(ERRFLG.FQ.I) WRITE(WUNITI,202)'ERRCHK-I-Link .', 

& Ll,'h~~ the s~me node~ ~s link t',L2 
IF(ERRFLG.FO.2) THEN 

WRITE(5,202)'ERRCHK-I-Link t', 
& Ll,'h~5 the ~~me nodes as link .',L2 

WRITE(WUNITl,202)'ERRCHK-I-Link .', 
& Ll,'h~5 the s~me nodes ~s link t',L2 
ENDIF 

ENDIF 
ENDIF 

30 CONTINUE 

* **~~-A.****** * * Check for rontinuity of links. 

* *********** 
DO 40, Ll=], NLINK 

IF(CH€KCO(tl).EO.O)THEN 

REFLNt(=L 1 
FLAG1=0 
BRANUH=O 
CHEKIN(Ll)=1 

* * Find what possib]p paths there are for the test (initial call). 
CALL PATHSI(NLINK,NODEI,NODE2,REFLNK,CHEKIN,NUHPTH, 

I , PATHS) 
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:11: )\; S~~rch rmti 1 ·~n ~:·:it i; fourrd or discontirrlJity is determined. 
DO WHILF,(FI.AGl.EG.O) 

FLAG2=0 

~ * Check th~ ~ndpoints of the link for ~n exit, ~nd see 
:11: :11: if the link has pr~viously b~en checked off ~s continuous. * * If pith~r condition is met, copy CHEKIN to CHEKED, cle~r CHEKIN, 
:11: A ~nd set FLAGl. 

Xl=NTYPE(NODEl(REFLNK» 
X2=NTYPE(NODE2(REFLNK» 
IF«Xl.LT.0).OR.(X2.LT.O).OR.(CHEKED(REFLNK).EG.I»THEN 
DO SO,I=l,NLINK 
IF(CHEKIN(I).EQ.l)CHEKED(I)=l 
CHEKIN(I)=O 

SO CONTINUE 
FLAGI=1 
ENDIF 

* * If ther~ is more th~n one path, increment BRANUH, ~nd 
* :11: stor~ the idpntity of the link which lies before the br~nch. 

IF(NUHPTH.GT.l)THEN 
BRANUH=BRANUH+l 
BRALNK(BRANUH)=REFLNK 

ENDIF 

~ * Ch~ck to see if ~ll br~nches and p~ths h~ve been taken, 
* * ~nd if they h~ve, print a message, clear CHEKIN, and 
~ * set FLAGI. 

IF«NUHPTH.EG.O).AND.(BRANUH.EG.O).AND.(FLAGI.EG.O»THEN 
IF(ERRFLG.EG.O) WRITE(S,203)'ERRCHK-I-Link t', 
& LI,'has no p~th to an exit.' 

IF(ERRFLG.EG.I) WRITE(WUNITI,203)'ERRCHK-I-Link t', 
& LI,'has no p~th to ~n exit.' 
IF(8RRPLG.EG.2) THEN 

WRITE(S,203)'ERRCHK-I-Link .', 
& Ll,'h~s no p~th to ~n exit.' 

WRITE(WUNITl,203)'ERRCHK-I-Link t', 
& LI,'has no path to ~n exit.' 
ENDIF 

DO GO,I=I,Nl.INK 
CHEKINCI)=O 

GO CONTINUE 
FLAGl=1 

ENDIF 

* * It there are no paths, and another branch exists, take it. 
* * Set FLAG2 so further calculations are skipped. The paths for the 
* * hranch link are redetermined, and testin9 c~n restart trom there. 

IFCCNUHPTH.EO.O).ANO.CBRANUH.NE.O»THEN 
REFLNK=BRALNKCBRANUH) 
BRANUH=BRANUH-I 
FLAG2=1 

ENDIF 

* NOTE: from here on, it FLAG2=1, skip calculations. J 
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* A T~kp the first p~th on the list, if one @xists (update REFLNK). 
* * rhpck thp npw link off as onp whjch h~s been passed (update CHEKIN) 

IFCCFLAG2.EQ.0).AND.CNUMPTH.NE.0»THEN 
REFLm(=PATHS ( I ) 
CHEKINCREFLNK)=l 

ENIJIF 

* * Find what possible paths there are for the next test. 
CALL PATHSICNLINK,NODEl,NODE2,REFLNK,CHEKIN,NUMPTH, 

& PATHS) 

ENDDO 

ENDIF 

40 CONTINUE 

* **~A**~~*** * * Or9~nizp nodps: hi9her nodes in NODEl and lower nodes in NODE2. 
* *********** 

[10 70, L=], NI. IN.( 
IF(ELEVCNOnE2(L».GT.ELEV(NODEl(L»)THEN 
X=NODE] CL) 
NO[lEICt)=NODE2CL) 
NODE2CL)=X 
ENDIF 

70 CONTINUE 

200 
201 
202 
203 

RETURN 

END 

FORMAT(IX,AJ5,I3,lX,A32,/) 
FORMAT(lX,A15,I3,lX,A30,/) 
rORMAT(]X,A15,I3,IX,A28,I3,/) 
FORMAT(lX,A15,I3,IX,A23,/) 
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B.2.13 SUBROUTINE: FRONTAGE 

SUBROUTINE FRONTAGE 

*********l************************************************************* 
* * * FRONTAGE * 
* * ~********~~~*********************************************************** 
* * * *-
*
*-

* * * * *-

* * *-

* * * *-

* 

:A-

FRATIO - r3tio uses to c31cu13t~ the s31e3ble front3ge for school & 
mlJl ti-:f'3mi ly IJni ts 

TFRONT - tot~l s~le3ble front3ge of the sub-division 
FRONT - ~~le~ble frontage of 3 9iven link 
ASCHOL - tot~l 3re~ of school 
AMIJLi - total area of m

'
Jlti:'f.3mily units 

ASUB - tot~l are3 of the sub-division 
ACOM - total area of commerical center 
AOTHER - total ~rea of others ( industrial area 
GROSS - the 9ro~s ~ub-division area 
YGROSS - yield efficient based on subdivision's 9ross 
TLEN - the tot31 street len9th in the sub-division 
YSTLEN - yield efficient b3sed on total street len9th 

PARAMETER NODNUM=100,LINNUM=150,INTNUM=IO 

INTEGER 
& WUNJtJ,WUNIT2,RUNITI,RIJNIT2 

COMMON 
& IAREA3/NLINK 
& IAR~AI0/APARK,ABUFF 
& IARF.A~S/r.PAHAN,SPALIT,SPACAT,FRATIO 

& IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
& IAREA31/TLEN,TAREA 
& IAREA31/SRCOST(LINNUH),FRONT(LINNUH),ASCHOL,AMULT,ACOH,AOTHER, 
& ASUB,ASIDE(LINNUH),ASING,TSING,THULT,APAVE,AWALK 
& IAREA40/TFRONT,GROSS,YSTLEN,YGROSS 
& IAREA43/SSCOST,DSCOST,WHCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
& HHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TWK,TBR,TRL,TBL, 
& WKCOST,BRCOST,RLCOST,BLCOST 

FRATIO=111.0 
CONS=lOOOO.O 

APAVE=TAREA/CONS 
AWALK=TWK/CONS 

* set thp tot31 s31e3ble front3ge to zero 
TFRONT=O.O 

*-
*- find th~ 3re3 of sin91e t3mily units 

) 



PROGRAM LISrING 

*' *. 

ASING=ASUB-APARK-ABUFF-ASCHOL-AMULT-ACOM-AOTHER-APAVE-AWALK 

*. ~dd up th~ saleable front~ge for the sin9le family unit 

write(6,*.)nlir"{ 
DO 100 L=I,NLINK 

TFRONT=TFRONT+FRONT(L) 
100 CONTINUE 
*. 

IF TFRONT.GT.O.O) THEN * add the school'~ frontage to the total 
TFRONT=TFRONT+ASCHOL*FRATIO 

*. add the multi-family unit's frontage to the total 
TFRONT=TFRONT+AMULT*FRATIO 

*' * *. find the 9ross are~ of the subdivision 

*' * *. 

GROSS=ASUB-ACOM-AOTHER 

*. determine the yield efficient b~sed on total street length 
YSTL~N=TFRONT/TLEN 

*. 
*. determine the yieJd ~ffjcjent b~sed on subdivision's 9ross area 

YGROSS=TFRONT/GROSS 

*' *-

* 

ELSE 

ENDIF 

RETURN 
END 

YGROSS=O.O 
YSTLEN=O.O 
TFRONT=O.O 
GROSS=ASUB-ACOM-AOTHER 
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9.2.14 SUBROUTINE: HEAD 

SUBROUTINE HEAD 

INTEGER ESC,F,BRACK,J,K,P,CODE,SMALLH,QUEST,ZERO,THREE,FOUR, 
2 SMALLL,SEMI,H,SMALLT,B,SMALLC,BS,C,BELL,I 

ESC = 27 
BS = 8 
B = 66 
C = 67 
F = 102 
H = 72 
J = 74 
.{ = 75 

CODE = 6 
SMALLC = 99 
SMALLH = 104 
SMALLL = 108 
SMALLT = 116 
QUEST = 63 
BRACK = 91 
ZERO = 0 
NUMSGN = 35 
THREE = 51 
FOUR = 52 
SEMI = 59 
BELL = 7 

***********'..1(* * HOME ClIRSOR 
************** WRITE(6,200)ESC,BRACK,QUEST,CODE,SMALLH 
200 FORMAT('+',3A,t1,A) 

J,,-************ * CLEAR SCREEN 
************* 

WRITE(6,300)ESC,BRACK,ZERO,J 
300 FORMATC'+',2A,I1,A,III) 

************************************** * PRINT THE HEADER 
************************************** 

WRITE(6,400) 
WRITE(6,410) 
WRITE(6,420) 
WRITE(6,430) 
WRITE(6,440) 
WRITEC6,450) 
WRITEC6,460) 
WRITEC6,4?0) 
WRITECG,480) 
WRITECG,490) 
WRITECG,500) 
WRITEC6,510) 

) 
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B.2.l5 SUBROUTINE: IDDHSW 

SUBROUTINR TDDMSW 
~ ~~~*****~~*~***********~~********~***~************~ 
~ * This subroutine identifies which links should ~ 

* * be involved in the domestic sewer system ~nd * 
~ ~ chl'.:'cks to make c;lJre the 1 inks it chooses form .'3 * 
* * continuous system. ~ 

* ****~**************************************~******* * * NE~ELV=a copy ot ELEV for modifications. * * OLDELV=a copy ot NEWELV tor reversing modifications. 
~ * CHEKED=keeps track of which links have been cle~red. * * CHEKIN=keeps track ot which links have been passed during * * the test of the current link. * h PCHIDX=index into POSCHN. * * POSCHN=possible chain currently being checked. * h CHNtUX=index into CHAINS. * * r.~:A INS= 1 i st of ch:a i ns wh i ch h.'3ve been fOIJnd. Any ch.'3 i ns * * which lead to an exit are marked with ~ one in the * * 7-ero element. 
* h REFNOO=node te~t is currently referencing. * * RRFLNK=the link the test is currently referencing - this st~rts * A at the link being tested, and moves along the p~th of 
* * the test. * * BRANUH=the number of branches (forks in the p~th) p~ssed. * * BRALNK=holds the link numbers before e~ch branch. * * NUMPTH=number of possible paths test c~n follow. * * PATHS =a list of the link numbers of each of the p~ths. * * FLAGI =indic~tes how m~ny times the pit routine h~s been done. * * FtAG2 =signities ~n end to the test for ~ given link. * * FI.AG3 =signities .'3 return to .'3 former br.'3rlch 10c.'3tiorl * ~ and recalcul~tion of possible p~ths. 
* * PITFI.G=is set to indicate a node is in ~ pit. * * LNKTYP=indic~tes whether 3 link ic; coninuous or not 
~ * on the system of obvious links. * * RESULT=indicates whether the path choice to be m~de h~s * ~ been made before. * * CHECK =used to mark off links which are obviously in the system. * * LENGTH=used to calculate the lenth of a chain. * * X,XI,X2,X3,I=miscellaneous variables. * A V =u~ed tor locating the chain of shortest length. * * NnSJ.NK=nlJllber ot dOllest ic sewer 1 inks. * A ULINKS=links involved in domestic sewer system. 

INTEGER 
& TBTRYW,TB1RYD,TBTRYS,DLINKS, 
& RUNITl,RUNIT2,WUNITl,WUNIT2,TROAD 

INTEGER CHEKED(150),CHEKIN(150),REFLNK,BRANUH,BRALNK(25), 
& NUHPTH,PATHS(G),FLAGl,FLAG2,FLAG3,X,Xl,X2,X3,ERRFLG,CHECK(150), 
& PCHIDX,POSCHN(lO),CHNIDX,CHAINS(500,O:lO),LNKTYP,RESUL T, 
& PITFLG,REFNOD,LINK2,I 

PEAL 
& 
& 

LLINK,LROAD,ELEV,HULTI,UNITS,V,Vl,V2,LENGTH,CHAINL(500) , 
DSF.LEV,NEW~lV(lOO),OLDELV(lOO) 
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COMMON 
& IARFA?INNODE,NTYPE(lOO),ELEV(lOO) 
& IAREA3/NLINK,NODEl(150),NODE2C150),LLINK(ISO), 
& UNITS(lS0),MULTICISO),AREA(lSO) 
& IAREA4/LROAD(150),WROADC150),TROAD(150) 
& IAREA7/NDSLNK,DLINKS(150),NDSGRP,TBTRYDCI50,4) 
& IAREA9/P(150),PDS(150),ASS(ISO) 
& IAREAlS/RK4(2),DSELEVCI00) 

'" *.*."'*."'*.*.*.*.*.'" * * Copy (ELEV-2.7S) into NEWELV and OLDELV so modifications can be * *. made to the copy. The -2.7S is to put the elevations right in 
*. *. th~ middle of the Gm trenching range. 
'" ~*.*.*"'*.*.**** 

DO 10, [,=1, NNODE 
NEWEtV(t)=ELEV(L)-2.7S 
OLDELV(L)=NEWELV(L) 

10 CONTINUE 

* *"''''~~~***** * * E]imin~t~ pits from the system. 

* "'*"'*"'****** 360 no WHILF(FLAGl.LT.lOOO) 

DO 20, Ll=l, NNODF 

REFNOD=Ll 

CALL TAGPTtCNLJNK,NODEl,NODE2,NEWELU,REFNOD,PITFLG) 

* ); '(f the node irl question ie; .3 pit, try to rectify the 
* * prnbJ~m by lowering the surrounding nodes (only if by * A rloing e;n ~ n~w pit i~n/t created). 

IF ( (P rTFLG. F.Q. J ) • AND. (NTYPF ([,1. ) • GT • 0) ) THEN 

CALL PATHSS(NLINK,NODEl,NODE2,REFNOD,NUHPTH,PATHS) 
XI=O 
DO 30, L2=1, 4 
X2=PATHS(L2) 
IF(X2.NE.0)THEN 
NEWELU(X2)=NEWELU(REFNOD)-.02 
IF(ELEU(X2)-NEWELU(X2).GT.6.0)NEWELU(X2)=OLDELU(X2) 
CALL TAGPIT(NLINK,NODEl,NODE2,NEWELV,X2,PITFLG) 
IF(PITFLG.EG.1)NEWELV(X2)=OLDELU(X2) 
IF(OLDELV(X2).NE.NEWELV(X2»Xl=X2 

ENDIF 
30 CONTINUE 

* *. Xl indicat~s whether there a pit can be eliminated by * *. lowering a surroundin9 node. Restore all changed elevations 
*. * except the on~ defined by Xl. 

DO 40, L2=1, 4 
IF (PATHS (1.2) • NE. 0) THEN 

IF(PATHS(L2).NE.Xl)NEWELV(PATHS(L2»=OLDELV(PATHS(L2» 
( ENDIF 

40 CONTINUE 
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~ A If th~re ~re no possibiliti~s, r~is~ REF NOD ~bove the lowest 
A * 3djac@nt node. 

IF(Xl.ECLO)THEN 
V=999999.9 
DO 50, L2= I, 4 

IF(PATHS(L2).NE.0)THEN 
IFCCOLDELV(PATHSCL2»-OLDELVCREFNOD».LT.V)THEN 
V=OLDELV(PATHSCL2»-OLDELV(REFNOD) 
NEWELVCREFNOD)=OLDELVCPATHSCL2»+.02 

ENDIF 
ENDIF 

50 CONTINUE 
ENDIF 

* * Updat~ OLDELV. 
DO GO, L=l, NNODE 
OLDELVCL)=CANINTCNEWELVCL)*lOO»/IOO 

GO CONTINUE 

ENDIF 

20 CONTINUE 

FLAGl=FLAGl+l 

ENDDO 

* *~********* 
* * Copy N~WELV into ELEV for evalu~tions. 

* *********** 
DO 70, L=l, NNODE 
ELEVCL)=(ANJNTCNEWELVCL)*lOO»/IOO 

70 CONTINUE 

* ***~******* 
* * Organize nodes: higher nodes in NODEI ~nd lower nodes in NODE2. 
* *********** 

DO 80, L=J, NI. rm( 
IFCELEVCNODE2CL».GT.ELEVCNODEICL»)THEN 
X=NODElCL) 
NODEICL)=NOnE2(L) 
NODE2CL)=X 
ENDIF 

80 CONTINUE 

* ***~***~*** 
* * Identify links which are most obviously a part of the 
* * dom-.stic sewer system Chave a population). Mark them ott 
* * in CHECK. 
* *********** 

DO 90, L=l, NLINK 
V=UNIT~(L)+HULTICL)+PDS(L) 

tFCV.NE.O.O)THEN 
NDSLNK=NDSLNK+l 
DL INKS (NDSI.Nt<) =L 
CHECKCL)=1 
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ENDIF 
90 CONTTNUE 

*' *'*'**'****'*'*'* 
*. * rh~ck fnr continuity of links (those which ~re obvious). 
*. A Tf ~ link isn't ~tt~ched to an exit, sc~n for possible 
*. * conn~ctions. A conn~ction may consist of a single link, * *. or it m~y be ~ ch~in of m~ny links. Tn ~ny case where 
*. *. th~r~ is ~ choic~, tak~ the shortest connection. 

*' ******'*****' 
DO 100, 1.1=1, NllSLNt< 

LNKTYP=O 

*' *.***.** 
*' *' Check for continuity. 
* *.*.**** 

IF(CHEKFD(Ll).EQ.O)THEN 

REFLNK=DLINKSCLl} 
FLAG2=O 
BRANUM=O 
CHE.' IN (REFJ.m{) =1 

*. Find wh~t possible p~ths there ~re for the test (initial c~ll). 
CALL PATHS2(NDSLNK,DLINKS,NODE1,NODE2,REFLNK,CHEKIN,NUMPTH, 

& PATHS) 

*' *. DeJete ~ll upslopjng links ~nd ~ny links ~ttached 
*. *' ~t the high end of REFLNK. 

DO 110, J.~=1,6 

IFCPATHSCL2).NE.0)THEN 
tF(ELEV(NODE2(PATHS(L2»).GE.ELEV(NODE2(REFLNK»)THEN 

PATHS(L2)=0 
NUMPTH=NUMPTH-1 

ENDIF 
Xl =NODE 1. (REFJ.m() 
X2=NOnEl(PATHS(L2» 
X3=NODE2(PATHS(L2» 
IF«X1.EQ.X2).OR.(Xl.EO.X2»THEN 
PATHS(L2)=0 
NUMPTH=NUMPTH-l 

ENDIF 
ENDIF 

110 CONTINUE 
DO 120, L2=1, 5 
DO 130, L3= 1., 5 
IF(PATHS(L3).EO.0~THEN 

DO 1~0, L4=L3, 5 
PATHS(t4)=PATHS(L4+1) 
PATHS <1.4+ 1) =0 

140 CONTINUE 

130 
120 

ENDIF 
CONTINUE 
CONTINUE 
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A: S"':'lI'r.h Imti 1 .;In e:dt i.s found or discontinlJi.ty is determined. 
DO WHILE(PLAG2.EQ.O) 

FLAG3=O 

*- *.*.*. 
*- *. Ch~ck th@ ~ndpoints of the link for ~n exit, ~nd see 
*. *. if the link has previously been checked off ~s continuous. 
*. *. If €.'ithe-r condition is met, copy CHEKIN to CHE~{F.D, cle.3r CHE.nN, 
*. *. and set FLAG2. 
*. *.*.*. 

XI=NTYPECNODEICREFLNK» 
X2=NTYPECNODE2CREFLNK» 
IF(CXI.LT.0).OR.(X2.LT.0).OR.(CHEKED(REFLNK).EO.l»THEN 

DO 150,I=1,NDSLNK 
IF(CHEKIN(DLINKS(I».EO.l)CHEKED(DLINKS(I»=1 
CHE.nN ( I) =0 

150 CONTINUE 
FLAG2=1 

ENDIF 

*.*.*. 
*. If th@re is more th~n one p~th, increment BRANUM, ~nd 

*. store the identity of the link which lies before the br~nch. 
*.*.*. 

IFCNUMPTH.GT.l)THEN 
BRANUM=BRANUM+l 
BRALNK(BRANUM)=REFLNK 

ENDIF 

*. ***. 
*. *- Check to se@ if ~11 br~nch@s ~nd p~ths h~ve been t~ken, 
*. *. and if they have, set LNKTYP to indicate no p~th, clear CHEKIN, 
*. *. ~nd s@t FLAG2. 
*. **.Jc 

IF«NUMPTH.EO.O).AND.(BRANUM.EO.O).AND.(FLAG2.EQ.O»THEN 
DO 160,I=I,NLIN.' 
CHEKIN(I)=O 

160 CONTINUE 
LNKTYP=l 
FLAG2=1 

ENDIF 

*. *.*.*. 
*- *- It there arp no paths, and another branch exists, take it. 
*. * Set FLAG3 so further calculations are skipped. The paths for the 
*. * branch link are redetermined, and testin9 can restart from there. 
*. *.** 

IF«NUMPTH.EQ.O).AND.(BRANUM.NE.O»THEN 
REFLNK=BRALNKCBRANUM) 
BRANUH=BRANUH-I 
FLAG3=1 

~NDIF 

*- NOTR: trom here on, it FLAG3=1, skip calculations. 

* *-** 
1 
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* * T~ke the first p~th on the list, if one exists (upd~te REFLNK). * * rh~~k th~ npw link off as one which has been passed (update CHEKIN). 

* ***' IF«FLAG3.F.Q.0).AND.(NUMPTH.NE.0»THEN 
REFLm(=PATHS (1) 
CHE~( IN (REFJ.m() =1 

ENrrIF 

* Iclc* 
Ic * Find what possible paths there are tor the next test. 
Ic *** 

CALL PATHS~(NDSLNK,DLrNKS,NODE1,NODE2,REFLNK,CHEKIN,NUMPTH, 
& PATHS) 

* * Del~t~ all upslopin9 links and any links attached * * at the hi9h end of REFLNK. 
DOl 70, I. ~ = 1 , 6 
IF(PATHS(t2).NE.0)THEN 

IF(ELEV(NODE2(PATHS(L2»).GE.ELEV(NODE2(REFLNK»)THEN 
PATHS(L2)=0 
NUMPTH=NUMPTH-l 

ENDIF 
Xl =NO[IE 1 (REFLN~() 
X2=NODEl(PATHS(L2» 
X3=NODE2(PATHS(L2» 
IF«Xl.EQ.X2).OR.(Xl.EQ.X2»THEN 
PATHS(L2)=O 
NUMPTH=NUMPTH-l 

EN[I IF 
EN[I IF 

170 CONTINUE 
DO 180, L2=1, 5 
DO 190, I..3=1, 5 
IF(PATHS(t3).EO.O)THEN 

DO 200, [.4=1.3, 5 
PATHS(t4)=PATHS(L4+1) 
PATHS(L4+1)=O 

200 CONTINUE 

190 
ISO 

ENDIF 

ENDDO 

ENDIF 

CONTINUE 
CONTINUE 

Ic ****** * Ic If the above routine determines that a link of the system * * i~n't ~omehow linked to an exit, this routine creates * Ic pO$sible paths and picks the shortest one, addin9 to the system * * the link~ it uses in cre~tin9 the path. 
* **lclclc* 

IF(LNKTYP.EQ.l)THEN 

REFLNK=DLINKS(Ll) 
PCHIDX=l 
POSCHN(PCHIDX)=REFLNK 
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CHNIDX=O 
FLAG2=O 
BRANUM=O 
CHEKIN(REFLNK)=l 

* * Find what possible p~ths there ~re for the test (initi~l c~ll). 
CALL PATHS4(NLINK,NODEI,NODE2,REFLNK,CHEKIN,NUMPTH, 

& PATHS,P~HIDX,POSCHN,CHNIDX,CHAINS) 

* * Search until ~ll ch~ins h~ve been determined. 
DO WHILE(FLAG2.ED.O) 

FLAG3=O 

* *** * * Check the endpoints of the link for ~n exit. * * It the condition is met, increment CHNIDX, copy POSCHN * * to CHAINS, pull ~ br~nch ID from BRALNK, er~se POSCHN b~ckw~rds * A till it hits the ID (so from the br~nch on, the ch~in is new), * * ~@t FLAG3 to idicate ~ skip of further c~lcul~tions so th~t * * ~ new th~in can be rl@veloped from the br~nch on. If there aren't * * any ~ranches left, set FLAG2. 

* *** XI=NTYPE(NODEI(REFLNK» 
X2=NTYPE(NODE2(REFLNK» 

* Check for an exit. 
IFt(Xl.LT.0).OR.(X2.LT.0»THEN 

* * Jn~rement CHNIDX ~nd copy POSCHN into CHAINS. Set the * * ~ero element to 1, since this ch~in re~ches ~n exit. 
CHNIDX=CHNIDX+I 
DO 210, L2=1, PCHIDX 
CHAINS(CHNIDX,L2)=POSCHN(L2) 

210 CONTINUE 
CHAINS(CHNIDX,O)=l 

* Set FJ.AG2 if there aren't ~ny br~nches left. 
IF(BRANUM.ED.O) FLAG2=1 

* * If there are branches left, get the l~st br~nch ~nd er~se 
* * POSCHN back until that branch loc~tion (so a new ch~in c~n * * be built from there on). Also, clear CHEKIN elements * * ot erased POSCHN links. 

IF(BRANUH.NE.O)THEN 
REFLNK=BRALNK(BRANUM) 
BRANUH=BRANUM-l 
DO WHILE(POSCHN(PCHIDX).NE.REFLNK) 
CHEKtN(POSCHN(PCHIDX»=O 
PCHIDX=PCHIDX-l 
END DO 

ENDIF 

* Set PJ.AG3 so further c~lcul~tions ~re skipped; st~rt 
~ gen@ratin9 a new chain from the br~nch. 
FLAG3=1 ) 
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ENDIF 

~ ~~* * ~ If there is more th~n one p~th, increment BRANUM, ~nd * ~ ~tore the identity of the link which lies before the br~nch. 
* *~* 

IF(NUMPTH.GT.l)THEN 
BRANUM=BRANUM+l 
BRALNK(BRANUM)=REFLNK 

ENDIF 

* * NOtE: from here on, if FLAG3=1, skip c~lcul~tions. 

~ *** * ~ If there ~re no p~ths, ~nd ~nother branch exists, t~ke it. 
~ ~ Set FLAG3 so further calculations ~re skipped. The p~ths for the * * hr~nch link ~re redetermined, and testin9 can restart from there. * * In~rement CHNIDX and copy POSCHN into CHAINS, and er~se POSCHN * * h~ck to the br~nch (erasin9 CHEKIN entries ~lons the way). 

* *** IF«FLAG3.EQ.0).AND.(NUMPTH.EQ.0»THEN 

A Increment CHNIDX and copy POSCHN into CHAINS. 
CHNIDX=CHNIDX+l 
DO 220, L2=l, PCHIDX 
CHAINS(CHNIDX,L2)=POSCHN(L2) 

220 CONTINUE 

* * Set FLAG2 if there aren't any branches left. 
IF(BRANUM.EQ.O) FLAG2=1 

* * rf there ~re br~nches left, set the l~st branch ~nd erase * * POSCHN back until th~t branch location (so a new ch~in can * * be built from there on). Also, cle~r CHEKIN elements of * * er~~ed POSCHN links. 
IF(BRANUM.NE.O)THEN 

REFLNK=BRALNK(BRANUM) 
9RANUM=9RANUM-I 
DO WHILE(POSCHN(PCHIDX).NE.REFLNK) 
CHEKIN(POSCHN(PCHIDX»=O 
PCHIDX=PCHIDX-I 
ENDDO 

ENDIF 

* * Set FI.AG3 so further calculations are skipped; start 
* A gener~tin9 a new ch~in from the branch. 

FLAG3=1 

ENDIF 

* ***. * * Take the first path on the list, if one exists (update REFLNK). * * Check the new link otf as one which has been passed (update CHEKIN). * * Also update POSCHN. 

* *** IF«FLAG3.F.Q.0).AND.(NUMPTH.NE.0»THEN 
REFLNK=PATHS(I) 
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CHEI( TN (REFLm{) = 1 
PCH!IJX=PCHJDX+I 
POSCHN(PCHIDX)=REFLNK 

ENDIF 

~ ~~~ 

~ ~ Find wh~t possible paths there are for the next test. 
~ ~~-A 

CALL PATHS4(NLINK,NODEI,NODE2,REFLNK,CHEKIN,NUHPTH, 
& PATHS,PCHIDX,POSCHN,CHNIDX,CHAINS) 

ENDDO 

~ ~~~~~~ 

~ ~ pjck the shortest path and copy all its elements into 
~ ~ CHEKED. 
~ ~~~~,~~ 

. 
*- Calculate the len9ths for each chain which ends in 

230 

~ Store the r@~ults in CHAINL. 
**-*-

DO 230, L2=1, CHNIDX 
LENGTH=O.O 
IF(CHAINS(L2,0).EQ.l)THEN 

XI=2 
DO WHIL~«CHArNS(L2,Xl).NE.0).AND.(Xl.LE.10» 
LENGTH=LENGTH+LLINK(CHAINS(L2,XI» 
Xl=Xl+l 
ENDDO 

ENDIF 
CHA IN!. (1.2) =t..F.NGTH 

CONTINUE 

~ ~~*-
~ *- Sp~rch for a nonzpro chajn len9th. 
*' ~~~ 

X2=0 
DO 240, L2=1, 500 
IFCCHAINLCL2).NE.0.0)X2=L2 

240 CONTINUE 

~ ~~)c 

~ ~ Search for the shortest chain. 
~ ~**' 

DO 250, L2=1, 500 

·:In e:·: it. 

IF«CHAINL(L2).LT.CHAINL(X2».AND.(CHAINL(L2).NE.0.0»X2=L2 
250 CONTINUE 

* *** * ~ H~rk oft thp links involved in the chain in CHECK. 
~ **~ 

~O 260, L2=1, 10 
CHECK(CHAtNS(X2,L2»=1 

260 CONTINUE ) 
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~ A Cle~r CHAINS. 
*. ***. 

DO 270, L2=], 500 
[10 2130, L3=0, 10 
CHAINS(I.2,!'3)=0 

280 CONTINUE 
270 CONTINUE 

Ie lele*. * Ie CJp~r CHAINL. 
Ie Ie**. 

DO 290, J.?=), 500 
C~AINL(L2)=0.0 

290 CONTINUE 

Ie lele* 
*. Ie Clear CHF.KIN. 
Ie Hr.*. 

no 300, I.::!=l, 150 
CHE~{ IN (L2) =0 

300 CONTINUE 

EN[I IF 

*. **.*.-J...*.*.-A*Ie*.*. 
~ A Update DLINKS. 
* ****Ie-A.*Ie*** 

x=o 
DO 310, I.=J, 150 
IF(CHECK(L).NE.O)THEN 
X=X+1 
[ILlm{S(X)=L 
ENTIn 

310 CONTINUE 
NDSLm{=x 

100 CONTINUE 

Ie lele*lele*lelelele* 

P~ge II-SO 

* * FJiminatp Ipvel links. Pick the end with the shortest 
Ie A p.~th OIJt ;'!rId lower it (or r"" i <;e the other erld it lower i ng 
Ie * thp first causes a pit to be tormed). 
f. M(1e Ie Ie Ie *Ie Ie Ie * 

X=O 
DO 320, I.]=J, NI.IN~{ 
If(ELEV(NODEl(Ll».EQ.ELEV(NODE2(Ll»)THEN 

CALL PATHS7(NOOE1,NOD~2,NODEl(Ll),NDSLNK,DLINKS,PATHS) 
Vl=999999.9 
DO 330, L2=1,4 
If(PATHS(L2).NE.0)THEN 

CALL OPTPTH(NDSLNK,DLtNKS,PATHSCL2),V) 
If(V.LT.Vl>Vl=V 

ENDIF 
330 CONTINUE 

CALL PATHS7(NODE1,NODE2,NODE2(Ll),NDSLNK,DLINKS,PATHS) 
V2=999999.9 
DO 340, L2=1,4 
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IF(PATHS(L2).NE.0)THEN 
CALL OPTPTH(NDSLNK,DLINKS,PATHS(L2),V) 
IF(V2.LT.V)V2=V 

ENDIF 
340 CONTINUE 

IF(Vl.LT.V2)THEN 
ELEV(NODFl (1.1) )=ELEV(NODEI (Ll) )-.01 
CALL TAGPIT(NLtNK,NOnSl,NODE2,ELEV,NODEl(Ll),PITFLG) 
IF(PITPLG;EQ.l)ELEV(NODEl(Ll»=ELEV(NODEl(Ll»+.Ol 
IP(PITPLG.EQ.l)ELEV(NODE2(Ll»=ELEV(NODE2(Ll»+.01 
IF(PITFLG.EQ.l)X=l 

ENDIP 
IF(V2.LT.Vl)THEN 
ELEV(NODE2(Ll»=ELEV(NODE2(Ll»-.01 
CALL TAGPIT(NLINK,NODEl,NODE2,ELEV,NODE2(Ll),PITFLG) 
IF(PITPLG.EQ.1)ELEV(NODE2(Ll»=ELEV(NODE2(Ll»+.01 
IP(PITPLG.EQ.l)ELEV(NODEl(Ll»=ELEV(NODEl(Ll»+.Ol 
IP(PITPLG.EQ.l)X=X+l 

ENDIF 
ENDIP 

320 CONTINUE 

IP(X.EQ.l)THEN 
DO 350, L=J, NNODE 
NEWELV(L)=ELEV(L) 
OLDELV(L)=~LF.V(L) 

350 CONTINUE 
FLAGl=O 

ENDIF 
IF(X.EQ.l )80t0360 

RETURN 

END 

P.3ge B-81 

) 
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B.2.16 SUBROUTINE: IDSTSW 

SUBROUTINE IDSTSW 

* *************************************************** * * This subroutine identities which links should * 
* * be involved in the domestic sewer system. * 
* *************************************************** * * NSSLNK=number ot watermain links. 
* * SLINKS=links involved in watermain system. 

INTEGER NLINK,NSSLNK,SLINKS 

COMMON 
& , IARFA3/NLINK,NODE1(ISO),NODE2(ISO),LLINK(lSO), 

IAREA8/NSSLNK,SLINKS(lSO),NSSGRP,TBTRYS(lSO,4) 

* *********** * * Identjty links which a part ot the storm sewer system. 
* *********** DO 10, L=l, NLINK 

SL IN.'S (L) =L 
10 CONTINUE 

NSSLNK=NL IN.( 

RETURN 

END 

~ ... ~~ .... --
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B.2.l7 SUBROUTINE: InWATR 

SUB~OUTINR IDWATR 
~ ***~~**-*-~*-*-**-****-**-*-*-*-*-*-*-*-*****-*-*-****-*-*-***-*-****-**** * A 1his ~ubroutine identifies which links should *-
*- * ~e involved in the w~term~in system ~nd checks * 
*- A to m.'\lke ~IJre the Ii nk.s it chooses for m.3 *-
* * ~ontinuou5 system. * 
*- *-*-**A**-*-***-**-******-**-*-*-************~**-*******-****-** * * C~EKED=keeps tr~ck of which links h~ve been cle~red. 
*- * CHE~I~=keeps tr~ck of which links have been passed durin9 
*- * the test of the current link. * * PCH!OX=inde~ into POSCHN. * * POSCHN=possible chain currently bein9 checked. * A CHNIOX=inde~ into CHAINS. * * CHAJNS=list of ch~ins which have been found. Any ch~ins * A which lead to ~n exit are marked with ~ one in the 
*- *- 7.ero element. 
*- *- REFLNK=the link the test is currently referencin9 - this starts * A at the link bein1 tested, and moves ~lon9 the path of 
*- *- the test. 
,Ie *- BRANtlM=the rllJmber of t:.r.ulches (forks irl the p.3th) passed. 
*- ~ BRALNK=holds the link numbers before each branch. * *- NUMPTH=number of possible paths test can follow. * *- PATHS =a list of the link numbers of each of the paths. .. * FLAGl =~i9nities an end to the test for a given link. * * FLAG2 =~i9nifies a return to a form~r branch location * * and rec~lcul~tion of possible paths. * * LNKTYP=indicates whether a link is coninuous or not 
.. * on the system of obvious links. 
*- * RESULT=indicates whether the path choice to be made has *.. been m~de before. * * fHECK =used to mark off links which are obviously in the system. 
*- .. LENGTH=used to r..31cIJ1.3te the Ip.nth Of3 ch.3in. 
k *- X,Xl,X2=miscell~neous variables. * *- V =used for 10catin9 thp. chain of shortest length. 
*- *- NWMJ.NK=number of. w.3term.3irl I irlks. * * WLINKS=links involved in w.'\ltermain system. 

INTEGER 
& TBTRYW,TBtRYD,TBTRYS,WLINKS, 
& RUNITl,RUNIT2,WUNITl,WUNIT2,TROAD 

INTEGER CHEKED(150),CHEKINC150),REFLNK,BRANUM,BRALNK(25), 
& NUMPTH,PATHS(6),FLAGl,FLAG2,Xl,X2,ERRFLG,CHECK(150), 
& PCHIDX,POSCHN(lO),CHNIDX,CHAINS(500,O:lO),LNKTYP,RESULT,QQ,QQQ 

REAL 
& LLINK,LROAD,WROAD,MULTI,UNITS,V,LENGTH,CHAINL(SOO) 

COMMON 
& 
& , 
& 
& 

IAREA2/NNODE,NTYPE(lOO),ELEV(lOO) 
IAREA3/NLINK,NODEl(150),NODE2(150),LLINK(150), 
UNITS(150),MULTl(150),AREA(150) 
IAREA4/LROAD(150),WROAD(150),TROAD(150) 
IAREA6/NWMLNK,WLINKS(150),NWMGRP,TBTRYW(150,4) 

& IAREA9/QQ,QQQ,P(150),PDS(150),ASS(150) 
,) 



NWMLN~(=O 

* *********** * * Identify links which ~rp most obviously a part of the 
*. * waterm~in system (have a popul~tion). Mark them off 
* * in CHECK. 
*' ***,*****'M(*, 

DO 10, L=l, NLINK 
V=UNITS(L)+HULTI(L)+P(L) 
IF(V.NE.O.O)THEN 

NWHLNK=NWHLNK+I 
WL IN.{S (NWHLNK) =L 
CHECK(L)=1 

ENDIF 
10 CONTINUE 

*' ***~I<.*,~**** *' * Ch~ck for continuity of links (those which are obvious>. * * If a link isn't ~ttached to ~n exit, scan for possible * * connections. A connection m~y consist of a sin9le link, * A or it m~y be a chain of many links. In any case where 
*' * thpre j§ a choice, take the shortest connection. 
* ******'**'***' 

DO 20, Ll=J, NWHLNK 

* ******' 
I<. * Check for continuity. 
* ****** 

IF(CHEKFD(LI).EO.O)THEN 

REFLNK=WLINKS(Ll) 
FLAGl=O 
LN.(TYP=O 
BRANUM=O 
CHE.{ IN (RErLN~{) = 1 

* Find what possible paths there are for the test (initial call). 
CALL PATHS2(NWHLNK,WLINKS,NODEI,NODE2,REFLNK,CHEKIN,NUHPTH, 

& PATHS) 

* Sparch until an exit is found or discontinuity is determined. 
DO WHILE(FLAGI.EO.O) 

FLAG2=O 

* *** * * Che~k thp endpoints of the link for an exit, and see 
*- *- if the link has previously been checked off as continuous. 
*- * rf either condition is met, copy CHEKIN to CHEKED, clear CHEKIN, 
*- *- and set FLAGI. 
* *** 

XI=NTYPE(NODEl(REFLNK» 
X2=NTYPS(NODE2(REFLNK» 
IF«Xl.LT.0).OR.(X2.LT.0).OR.(CHEKED(REFLNK).EQ.l»THEN 

DO 30, 1= I , NL Im( 
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IFCCHEKtN(t).EQ.l)CHEKEDCI)=l 
CHEKIN(I)=O 

30 CONTINUE 
FLAGl=1 

ENDIF 

Ie Ie Ie Ie 
Ie Ie Tf there is more th~n one p~th, increment BRANUH, ~nd * A ~tore the identity of the link which lies before the br~nch. 
A A*A 

IF~NUHPTH.GT.l)THEN 

BRANUH=BRANUH+I 
BRALNK(BRANUH)=REFLNK 

ENDIF 

* AA* 
A A Check to see if ~ll br~nches ~nd p~ths have been taken, 
Ie * and if they have, ~et LNKTYP to indicate no p~th, clear CHEKIN, 
Ie Ie and 5et FLAGl. 
Ie Ie leA 

tF«NUHPfH.RO.O).AND.(BRANUH.EO.O).AND.(FLAGI.NE.I»)THEN 
DO 40,I=l,NLINK 
CHEKIN(I)=O 

40 CONTINUE 
LNKTYP=l 
FLAG1=1 

EN.D IF 

Ie leleA 
A A Jf there are no p~ths, and another branch exists, take it. 
• A Set FLAG2 so further c~lculations are ~kipped. The paths for the 
~ • hranch link are redetermined, and testing can restart from there. 
),: "'.Jd. 

IF«NUHPTH.EQ.O).AND.(BRANUH.NE.O»THEN 
REPtNK=BRALNK(BRANUM) 
BRANUH=F!RANUM-l 
FLAG2=1 

ENDIF 

A A NOtE: from here on, if FLAG2=1, skip calcul~tions. 

Ie *** * * Take the first path on the list, if one exists (upd~te REFLNK). * A Check the new link off as one whi~h has been p~ssed (upd~te CHEKIN) 
* *** 

IF«FLAGl.EO.O).AND.(FLAG2.EO.O).AND.(NUHPTH.NE.O»THEN 
REFLNK=PATHS(l) 

.CHEKIN(REFLNK)=l 
ENDIF 

* *** A A Find what possible p~ths there ~re for the next test. 
* A*A 

CALL PATHS2(NWHLNK,WLINKS,NODEl,NODE2,REFLNK,CHEKIN,NUHPTH, 
& PATHS) 

END DO 
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ENDIF 

* ****** * * If thp ~hove routine determines th~t ~ link of the system * * i~n't ~omehow linked to an exit, thi~ routine cre~tes * * possjhle p~ths ~nd picks the shortest one, addin9 the links * * it uses in cre~tin9 the p~th, to the system. 
* ****** 
* * Thjs lin~ was insertpd to force ~ priority on the w~term~in system. * A This priority is described in the Pr09rammer's section of the m~nual * * under th~ description of IDWATR. 

LNKTYP=1 

IF(LNKTYP.EQ.l )THEN 

* * M~rk off de~d ends. 
DO 50, L2=J, NWMLNK 
IF(NTYPE(NODEl(WLINKS(L2»).EQ.I)CHEKIN(WLINKS(L2»=1 
IF(NTYPE(NODE2(WLINKS(L2»).EQ.I)CHEKIN(WLINKS(L2»=1 

50 CONTINUE 

REFLNK=WLINKS(LI) 
PCHIDX=l 
POSCHN(PCHIDX)=REFLNK 
CHNIDX=O 
FLAGI=O 
BRANUM=O 
CHEKIN(RFFLNK)=1 

* * Find what possible p~ths there ~re for the test (initi~l c~ll). 

CALL PATHS3CNLINK,NODEl,NODE2,WROAD,REFtNK,CHEKIN,NUMPTH, 
& PATHS,PCHIDX,POSCHN,CHNIDX,CHAINS) 

* * Se~rch until ~ll ch~ins h~ve been determined. 
DO WHILE(FLAGI.EQ.O) 

FLAG2=0 

* *** * * Chpck the endpoints of the link for ~n exit. * * If the condition is met, increment CHNIDX, copy POSCHN * * to CHAINS, pull a branch ID from BRALNK, erase POSCHN backwards * * till it hits the ID (so from the branch on, the chain is new), 
* * set FLAG2 to idicate ~ skip of further calculations so that * * a new ch~in can be developed from the branch on. If there aren't 
* * any bran~hps left, Jet FLAGl. 

* *** XI=NTYPF(NODEl (REFLNK» 
X2=NTYPE(NODE2(REFLNK» 

* Che~k for ~n exit. 
IF«Xl.tT.O).OR.(X2.LT.O»THEN 

* * Jncrpmpnt CHNJDX and copy POSCHN into CHAINS. Set the * * ~ern ~lem~nt to 1, since this chain re~ches an exit. 
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CHNIDX=CHNIDX+l 
DO 60, L2=1, PCHIDX 
CHATNS(CHNIDX,L2)=POSCHN(L2) 

60 CONTINUE 
CHAINS(CHNTDX,O)=1 

* Set FLAGI if there ~ren/t ~ny branches left. 
IF(BRANUH.EO.O) FLAGI=1 

P~ge B-87 

* * If there are branches left, get the l~st branch and erase * * POSCHN back until that branch 10c~tion (so a new chain can 
* * he built trom there on). Also, clear CHEKIN elements * * of era~ed POSCHN links. 

IF(BRANUH.Nt.O)THEN 
REFLNK=9RALNK(BRANUH) 
BRANUH=BRANUH-I 
DO WHILE(POSCHN(PCHIDX).NE.REFLNK) 
CH~KIN(POSCHN(PCHIDX»=O 

PCHIDX=PCHIDX-I 
ENDDO 

ENDIF 

* * Set FLAG2 $0 further calculations are skipped; start * * generating a new chain from the branch. 
FLAG2=1 

ENDIF 

* *** * * If there is more than one path, increment BRANUM, and * A store the identity of the link which lies before the branch. 
* *** 

IF(NUHPTH.GT.I)THEN 
BRANUM=BRANUM+I 
BRALNK(BRANUH)=REFLNK 

ENDIF 

* * NOTE: trom here on, it FLAG2=1, skip calculations. 

* *** * • It there are no paths, and another branch exists, take it. 
• • Set FLAG2 ~o turther calculations are skipped. The paths for the 
• • branch link are redetermined, and testing can restart from there. 
• • Increment CHNIDX and copy POSCHN into CHAINS, and erase POSCHN 
• • back to the branch (erasin9 CHEKIN entries along the way). 

• * •• IF«FLAG2.EO.0).AND.(NUHPTH.EO.O»THEN 

• Incre.ent CHNIDX and copy POSCHN into CHAINS. 
CHNIDX-CHNIDX+l 
DO 10, L2-1, PCHIDX 
CHAINS(CHNTDX,L2)=POSCHN(L2) 

70 CONTINUE 

• • Set FLAGI it there aren't any branches lett. 
IFCBRANUH.EO.O) FLAGI=l 



( 

~ A tf th~r~ ~r~ br~nch~s left, get the last branch and erase 
*' *' pnSrHN b~~k until that branch location (so a new chain can 
~ A b~ built from there on). Also, clear CHEKIN elem~nts of 
*' * praspd POSCHN links. 

IFCBRANUM.NE.O)THEN 
REFLNK=BRALNK(BRANUM) 
BRANUM=BRANUM-l 
DO WHIL~CPOSCHN(PCHIDX).NE.REFLNK) 
CHEKTNCPOSCHN(PCHIDX»=O 
PCHIDX=PCHIDX-l 
ENDDO 

ENDIF 

A * Spt FLAG2 so further calculations are skipped; start 
~ ~ 9~n~r~tin9 a new chain from the branch. 

FLAG2=1 

ENDIF 

~ *** * * T3ke the first p~th on the list, it one exists (update REFLNK). 
~ * Check the new link off as one which has been passed (update CHEKIN). 
* ~ A]~o upd~te POSCHN. 
~ *** 

IFC(FLAG2.~Q.0).AND.CNUMPTH.NE.O»THEN 

REFLm(=PATHS C I ) 
CHE.{ IN (REFI.N.<) =1 
PCHTDX=PCHIDX+l 
POSCHN(PCHIDX)=REFLNK 

ENItIF 

* *'** * * Find wh3t ro~sib]e p3ths there are for the next test. 

-}. *** CALL PATHS3(NI.rNK,NOD~I,NODE2,WROAD,REFLNK,CHEKIN,NUMPTH, 
~ PATHS,PCHIDX,POSCHN,CHNIItX,CHAINS) 

* ****** * * Pi~k the shortest path and copy all its elements into 
* * CHE.(ED. 
* ****** 

*** * C~l~u]~te the len9ths for each chain which ends in an exit. * Store the results in CHAINL. 
*** DO 80, L2=1, CHNIDX 

LENGTH=O.O 
IF(CHAINS(L2,O).EQ.1)THEN 

Xl=2 
DO WHILF.«CHAINS(L2,XI).NE.O).ANIt.(Xl.LE.IO» 
LENGTH=LENGTH+LLINK(CHAINS(L2,Xl» 
Xl=XI+l 
ENIIDO 



PROGRAM LISTING 

ENDIF 
CHAINL(L2)=LENGTH 

80 CONTINUE 

*- *-** 
*. *- Se~rch for ~ non~~ro ch~in length. 
*- *-** X2=0 

DO 90, L2=i, 500 
IF(CHAINL(L2).NE.0.0)X2=L2 

1:)0 CONTINUE 

* *-** * Ie S~arch tor the shortest chain. 
* *** 

DO 100, L2=J, 500 
IF«CHAINL(L2).LT.CHAINL(X2».AND.(CHAINLCL2).NE.0.0»X2=L2 

100 CONTINUE 

* *'*'* * ..\: Mark ntf the links involvpd in the chain in CHECK. 
* -It** DO 110, L~=l, 10 

CHECK(CHAtNS(X2,L2»=1 
110 CONTINUE 

* ***. • * C]par CHAINS. 
"* *-*. 

DO 120, L2=1, 500 
DO 130, L3=0, 10 
CHAINS(L2,1.3)=0 

130 CONTINUE 
120 CONTINUE 

*. -It * * '* '* C}par CHAINL. 
*. *-*.* 

DO 140, L2=1, 500 
CHAINLCL2)=0.0 

140 CONTINUE 

ENDIF 

..\: *.*.* * *. C}par CHEKIN. 
*. *** 

DO ISO, L2=1, 150 
CHEKIN(L2)=0 

ISO CONTINUE 

20 CONTINUE 

Ie *********** * A Update WLINKS. 
'* 1e,**~**Ie***1e 

X=O 



I"KUljKRI'I 1. .l~.l J. ... U 

[10 160, L=l, 150 
IF(CHECKCL).Nf.O)THEN 
X=X+l 
IJLlm(S(X)=L 
ENIIIF 

160 CONTINUE 
NWHLN~(=X 

RETURN 

EN[I 

r .:1 3 t:' 1:'-:lV 
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B.2.18 SUBROUTINE: INDATI 

SUBROUTINE INDATl 
*~~~~~**~~A**~~~~~~~~~~~~~~~~~*********~~~~~~~~~******~~******~~**~*~** 
~ * 
~ SUBROUTINE INDATI * 
~ * 
~ Thi~ subroutine RFADS the Unit Cost D~t~ th~t ~ 

~ pertain~ to the study ~re~. ~ 

* * **********~************************************************************ 
* * * GLOBAL VARIABLES 

RUNIT] 

COST 1 
COST2 
COST3 
COST4 
COST5 
CnS-rF> 
COST7 
COSTR 
COST9 
COSTIO 
COSTll 
COSTI2 
COST13 
COST14 
COSTIS 
COST16 
COST.17 
COSTla 
COST19 
COST20 
COST21 
COST22 
COST23 
COST24 
COST25 
COST2G 
COST~7 
COST28 
COST29 
COST30 
COST31 
COST32 
COST33 

- THE NUMBER OF THE DEVICE THAT READS THE UNIT 
COST DATA (This number will usu~lly be ~ 4) . 

. STRFET SIGN (S/SIGN) 
- STREET LIGHT (S/LIGHT) 
- PARK DF.VFLOPMENT fS/HECTARE) 
- BUFFER DEVELOPMENT (S/HECTARE) 
- COLLECTOR STREET ($/SO.M) 
- lOCAL STREET ($/SO.M) 
- SIDEWALK ($/SO.M) 
- BARRIER CURD & GUTTER ($/M) 
- ROLLFD CURB & GUTTER (S/M) 
- BLVD CURD & GUTTER ($/M) 
- WATERMAIN ($/M) 
- DOMESTIC SEWER ($/M) 
- STORM SEWER ($/M) 
- MANHOLE - BASE, COVER, RISER, FRAME (t/MANHOLE) 
- MANHOLE SHAFT (tiM-DEPTH) 
- CATCHBASIN - FRAME, COVER, ETC (S/CATCHBASIN) 
- CATCHBASIN SHAFT (S/M-DEPTH) 
- CATCHBASIN LEAD (tiM) 
- POWER - SINGLE FAMILY ($/UNIT) 
-- POWER - MULTI FAMILY (S/UNIT) 
- GAS - SINGLE FAMILY (S/UNIT) 
- GAS - MULTI FAMILY ($/UNIT) 
- PHONE - SINGLE FAMILY ($/UNIT) 
- PHONE - MULTI FAMILY ($/UNIT) 
- STREET SWEEPING ($/KM/YR) 
- WINTER ROAD ($/KM/YR) 
- ASPHALT MAINTENANCE ($/KM/YR) 
- CONCRETE MAINTENANCE ($/KM/YR) 
- SEWER MAINTENANCE (S/KM/YR) 
- WATER DISTRIBUTION ($/KM/YR) 
- SOLID WASTE COLLECTION ($/HECTARE/YR) 
- STREET LIGHT MAINTENANCE ($/LIGHT/YR) 
- PARK , BUFFER MAINTENANCE ($/HECTARE/YR) 

LOCAL VARIABLES 

I,J - LOOP CONTROL VARIABLES 
DI-4 - (-1) FLAGS INDICATING END OF DATA SECTION 

ACCODE - CODE CORRESPONDING TO AN ACCOUNT NAME AND NUMBER. , 
ACCODE=5 FOR ACCNUM(S) AND DEFINE(S).) 



NUMELE 
1,.1 
L,N 

- NUMBER OF SUDDTVISION ELEMENTS. 
-. LOOP CONTROL VAR IABLES 
- LOOP CONTROL VARIABLES 

wh~r~: L r~f~rs to the link number. 
N refers to the node number. 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER 
& RUNTT] ,RUNIT2,WUNIT1,WUNIT2,IST,ACCODE,OLIFE 

REAL MBCOST,MINST,MGRAD,INTRST 

CHARACTER*12 ACCONT,ACCNUM 
CHARACTER*35,DEFINE 

COMMON 
8 IAREA1/NINT,INTRST(INTNUM),LIFE(INTNUM) 

IAREAII/COST1,COST2/AREA12/COST3,COST4/AREA13/COSTS,COST6 
IAREA14/COST?,COST8,COST9,COSTIO 
IAREA15/COSTll(6),COST12(9,5),COST13(9,14),COSTI4,COST15,COST16, 

& 
& 
8 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 

COSTl?,COST18(9) 
IAREA16/COST19,COST20,COST21,COST22,COST23,COST24 
IAREAl?/COST25,COST2G,COST2?,COST28,COST29,COST30,COST31, 

COST32,COST33,MBCOST(2S),OBCOST(2S) 
IAREA20/IDIFLG,ID2FLG,ODIFLG,OD2FLG,WATFLG,DMSFLG,STMFLG,MANFLG, 
SDWFLG,STRFLG,STLFLG,STSFLG,UTIFLG,PARFLG,OPRFLG,ECOFLG,ERRFLG 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA22/PEOPLE,WVMIN,FRICTN,USE,FLOAD 
IAREA23/DSCOVR,DSVMIN,DSVMAX 
IAREA24/SSCOVR,SSVMIN,SSVMAX 
IAREA25/SPAMAN,SPALIT 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
MHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TW.<,TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IAREA4G/NACONT(2S),ACCONT(25,10),PRCENT(25,lO),SDCOST( 25,10), 
MNPACC(25,lO),OPPACC(25,lO) 
IAREA4?/NACCNT,ACCOST(100),AMCOST(100),AOCOST(100),ACCNUM(lOO), 
DEFINE(lOO) 
IAREA49/IMCOST(2S),MGRAD(25),MGRATE(2S),MINST(25),MLIFE(25) 
,MNCOST(25,3),MCAPAF(25,10,3) 
IAREASO/JOCOST(2S),OGRAD(25),OGRATE(25),OINST(25),Ol.IFE(25) 
,OPCOST(25,3),OCAPAF(25,10,3) 

PRINT,\; 
PRINT* 
PRINT'\;,'E CON 0 M I C nAT A' 
PRINT,\; 
IST=l 
CALL IOF.ILf. (RUNIT1,IST) 
PRINT* 
PRINT'\;, 'READING ECONOMIC DATA' 

/( 

********~~****************************,\;***********,\;**********,\;,\;,\;*********** 

* * Reads the interest rate and subdivision lite 
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* v~lue •• The following .ections ~ll stop * re~din9 their respective d~t~ when the * d~t~ cont~in. either 99 or -1. 
* 
*************************************************************************** 
* DO WHILE CINTRSTCN).NE.-l) 

END DO 

N=N+l 
REAO(RUNITl,80)INTRSTCN),LIFE(N) 

IF (INTRSTCN).EQ.-l)THEN 
N=N-l 
NINT=N 

ENDIF 

* *********************************************************************** * This portion ot the roy tine re~ds the service * * element's ynit costs. * 
*********************************************************************** 
* READCRUNIT1,40)COST1,COST2,COST3,COST4,COSTS,COST6,COST7, 

& COST8,COST9,COSTIO 
READCRUNITl,42)CCOSTllCI),I=I,G) 
READCRUNtTI,44)C(COST12Ct,J),I=I,9),J=I,S) 
READ(RUNIT1,44)«COST13(I,J),I=1,9),J=1,14) 
READ(RUNIT1,40)COST14,COST15,COSTI6,COST17 
READ(RUNIT1,44)(COST18(I),I=1,9) 
READ(RUNIT1,40)COSTI9,COST20,COST21,COST22,COST23,COST24, 

& COST2S,COST2G 
READ(RUNIT1,40)COST27,COST28,COST29,COST30,COST31, 

& COST32,COST33 
*********************************************************************** * Re~d the v~rioys ~~libr~tion d~t~ v~lues. * 
**********************************************************************~ READ(RUNITI,4S)PEOPLE,WUHIN,FRICTN,USE,FLOAD 

READ(RUNIT1,4S)DSCOVR,DSVHIN,DSVMAX 
READCRUNIT1,4S)SSCOVR,SSVMIN,SSVMAX 
READ(RUNIT1,4S)SPAMAN,SPALIT 

************************************************************************ * C~lcul~te the total number of ~ccouts, NACCNT.Re~d the ~ccout numbe * ACCNUH, * and corrpspondin9 account names, DEFINE, from the link/node d~t~ fi 

************************************************************************ N=O 
DO WHILE (ACCNUH(N).NE.' -1') 

N=N+l 
READCRUNIT1,17S)ACCNUH(N),DEFINE(N) 

END DO 
IF (ACCNUHCN).EQ.' 

N=N-l 
NACCNT=N 

-1')THEN 

ENDIF 
************************************************************************ * Read the number ot accounts ~ssociated with each subdivision elemen 
* NACONT. * Read thp account code, ACCODE, and the cost percentage of each * subdivision element b~ account, PRCENT. Assign the account 
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8.2.19 SUBROUTINE: INDAT2 

~ nESJGN DATA (This number will usu~lly be ~ 5). 
*-* INT.FREST DATA 

NINT 
INTRS" 
LIFE 

- TOTAL t OF INTEREST RATE VALUES TO FOLLOW 
- VALUE OF THE INTEREST RATE (i.e. 12.507. 
- EXPECTED LIFE OF THE PROJECT (YRS) 

NODE [lATA 

NNCDE - TOTAL t OF NODES 
NTYPE - TYPE OF NODE, WHERE: 

] = TERMINATION 
2 = DIRECTIONAL 
3 = 3-WAY STREET INTERSECTION 
4 = 4-WAY STREET INTERSECTION 

5 = OTHER 
ELEV - NATURAL ~ROUND ~LtVATION OF NODE ( M ) 

LINK DATA 

NtJNK - TOTAL t OF LINKS 
NODEl - ORI~IN NODE OF LINK 
NODE2 - DESTINATION NODE OF LINK 

- T.~NGTH OF LINK (H) T..t Im{ 
UN ITS 
HULTI 
AREA 
T.ROAO 
WROAn 
TROAD 

- TOTAL t OF SINGLE FAHILY UNITS ON LINK 

WWALK 
BARIER 
ROLLED 
BLVD 

- TOTAL t OF HULTI fAM!LY UNITS ON LINK 
- TOTAL DRAJNAGE AREA OF LINK (HA) 
- LENGTH OF ROAD (H) 
- WIDTH OF ROAD (H) 
- TYPE OF ROAD, WHERE: 

1 = COLLECTOR ST.REET 
? = LOCAL STREET 

- WIDTH OF SIDEWALK (H) 
- LENGTH OF BARRIER CURB & GUTTER ($/H) 
- LENGTH OF ROLLED CURB & GUTTER ($/M) 
- LENGTH OF BLVD CURB & GUTTER ($/H) 

TRIBUTARY DATA 

9.757. ) 

NWM - TOTAL t OF DESTINATION LINKS DESCRIBING THE 
WATERMAIN SYSTEM 

NDS - TOTAL t OF DESTINATION LINKS DESCRIBING THE 
DOMESTIC SEWER SYSTEM 

NSS - TOTAL t OF DESTINATION LINKS DESCRIBING THE 
STORM SEWER SYSTEM 

TBTRYW - LOCATIONS (1 - 3) CONTAIN THE ORIGIN LINKS DESCRIBING 
THE WATERHAIN TRIBUTARIES 

- I.OCAT ION (4) CONTA INS THE DEST INAT ION LINK 
TBTRYD - LOCATIONS (1 - 3) CONTAIN THE ORIGIN LINKS DESCRIBING 

THE DOMESTIC SEWER TRIBUTARIES 
- LOCATION (4) CONTAINS THE DESTINATION LINK 

TBTRYS - LOCATIONS (1 - 3) CONTAIN THE ORIGIN LINKS DESCRIBING 
THE STORM SEWER TRIBUTARIES 

- I.CCAT ION (4) CONTA INS THE DEST INAT ION LINK 



*. 

10 
L 
P 
PDS 

ASS 

AP 
APDS 
AASS 

.. ..... :::J.... .... 

- TOTAL. OF LINKS ASSIGNED AN INITIAL VALUE, TO FOLLOW: 
- THE NUMBER OF THE LINK 
- INITIAL POPULATION DF LINK FOR WATERMAIN CALCULATION 
- INITJAL POPULATION OF LINK FOR DOMESTIC SEWER 

CALCULATION 
- INITIAl. DRAINAGE AREA OF LINK FOR STORM SEWER 

CALCULATION (HECTARES) 
- TFMPORARY STORAGE FOR THE ABOVE VARIABLES. 

APARK 
ABUFF 

- TOTAL AREA OF LAND DEDICATED TO PARK (HECTARE)· 
- TOTAL AREA OF LAND DEDICATED TO BUFFER ZONES (HECTARE) 

LOCAL VARIABLES 

AccnDF - CODE CORRFSPONDING TO AN ACCOUNT NAME AND NUMBER. (EG. 
ACCODE=5 FOR ACCNUM(S) AND DEFINE(S).) 

NUMRLR - NUMBER OF SUBDIVISION ELEMENTS. 
I,J - LOOP CONTROL VARIABLES 
L,N -. LOOP CONTROL VARIABLES 

wh@re: L ref~rs to the link number. 
N refers to the node number. 

Dl-4 - Dummy v~riables to read end of data section f1a9s (-1) 
IDI-4 

SUBROUTINE INDAT2 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=lO 

INTEGER 
& TROAD,T~TRYW,TBTRYD,TBTRYS,RUNIT2,RUNIT1,WUNIT1,WUNIT2,1ST, 
& WLINKS,NUMELE,ACCODE,OLIFE 

REAL 
& 
& 

LL Im{, I.ROAll, I.ENGTH, MUI.T I, INTRST, LWAU{, P IP III X , IMCOST, MGRAD, MGRATE, 
MNCOST,MINST,MNPACC, IOCOST,MBCOST 

CHARACTER*12 ACCONT,ACCNUM 
CHARACTER*.SO,DEFINE 

COMMON 
& IAREA1/NINT,INTRST(INTNUH),LIFECINTNUM) 

IAREA2/NNODE,NTYPECNODNUH),ELEVCNODNUH),RADIUS(NODNUM) 
IAREA3/NLINK,NODE1CLINNUH),NODE2(LINNUH),LLINK(LINNUM), 

& 
& , , 
& 
& 
I 
& 
& 
& 
& 
I 
& 
& 

UNITSCLINNUH),HULTI(LINNUH),AREACLINNUH) 
IAREA4/LROArr (L INNU.H) , WROAD (L INNUH) , TROAD (L INNUH) 
IAREAS/LWALK(LINNUH),WWALKCLINNUH),BARIERCLINNUH),ROLLED(LINNUM 
,BLVD(LINNUH) 
IAREA6/NWHLNK,WLINKS(LINNUH),NWHGRP,TBTRYWCLINNUH,4) 

IAREA7INDSLNK,DLINKS(LINNUH),NDSGRP,TBTRYDCLINNUM,4) 
IAREA8/NSSLNK,SLINKSCLINNUM),NSSGRP,TBTRYSCLINNUH,4) 
IAREA9/ID,L,P(LINNUH),PDSCLINNUM),ASSCLINNUH) 
IAREA10/APARK,ABUFF 
IAREA17/COST2S,COST26,COST27,COST28,COST29,COST30,COST31, 
COST32,COST33,HBCOSTC2S),OBCOSTC2S) 
IAREA20/ERRFLG 
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** 
* 
* 
** 
* 

* 

& IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
& IAREA36/LOPNUM,LOOPS(25,50,2),FLOW(150),FLODIR(150), 
& HEDLOS(150),PIPDIA(150),HEADS(lOO),PSEHED(25),PIPIDX(10) 
& IAREA37/SRCOST(LINNUM),FRONT(LINNUM),ASCHOL,AMULT,ACOM,AOTHEh, 
& ASUB,ASIDE(LINNUM),ASING,TSING,TMULT,APAVE,AWALK 
& IAREA46/NACONT(25),ACCONT(25,lO),PRCENT(25,lO),sdcost(25,10), 
& MNPACC(25,lO),OPPACC(25,lO) 
& IARE~47/ACCOSt(lOO),AMCOST(lOO),AOCOST(lOO),ACCNUM(lOO) 
& ,D~~tNE(lOO),NACCNT 
& IAREA49/IMCOST(25),MGRAD(25),MGRATE(25),MINST(25),MLIFE(25), 
& MNCOST(25,3),MCAPAF(25,IO,3) 
& IAREA50/IOCOST(2S),OGRAD(2S),OGRATE(25),OINST(25),OLIFE(25), 
& OPCOST(25,3),OCAPAF(25,lO,3) 

PRINT* 
PRINT* 
PRINT*,'L INK / NOD E D A T A ' 
PRINT* 
IST=1 
CALL IOFILE (RUNIT2,IST) 
PRINT* 
PRINT*,'READING LINK/NODE DATA' 

~ ~ ~ ~ * * * * * * * * * * * * 
Reads thp node type, elevation, 

values. 
* * A ~ ~ ~ * * ~ * * * * * * * 
N=O 
DO WHILE (NTYPE(N).NE.99) 

* * * 
radius 

* * * 

* * * * * * 

* * * * * * 

N=N+I 
READ(RUNTT2,IOO)NTYPE(N),ELEV(N),RADIUS(N) 

END DO 
IF (NTYPE(N).EG.99)THEN 

N=N-I 
NNODE=N 

ENDIF 

* 

* 

** * * * A * * * * * * * * * * * * * * * * * * * * * * 
* 
* ** 
* 

* 

Re~rl~ the link and area data 
values. 

* * * * * * * * * * * * * * * * * * * * * * * * * * 
L=O 
DO WHILE (NODEl(L).NE.-l) 

L=L+l 
READ(RUNrT~,110)NODEl(L),NODE2(L),LLINK(L),UNITS(L), 

& MULTY(L),AREA(L),FRONT(L) 
END DO 
IF (NODEI(L).F.Q.-l)THEN 

L=L-l 
NLINK=L 

ENDIF 

** * * ~ * ~ * * * * * * * * * * * * * * * * * * * * * * Re~rl~ the road data 
* values. 



~ nU'.Jn Mn ....... w.L .1.1"11:", 

** * * * A * * * * Ie * * * * * Ie * * * * * * * Ie * Ie * It. 

* 
L=O 
READCRUNJT2,120)«LROAD(L),WROAD(L),TROAD(L»,L=1,NLINK) 

.. --::J.... ,.. _ ...... 

*It. Ie * * ~ * * * * * * * '* * * * * '* * '* * * * * * * * * * * * 
* Ie 

Re~rls th~ sidew31k 3nd curb 
v.3]ues. 

** * * * * * * * * * * * * * * * * * Ie * * * * * * * Ie * * Ie * 
L=O 
READ(RUNIT2,130)«WWALK(L),BARIER(L),ROLLED(L),BLVD(L)),L=1,NLIN~() 

* 
** * * * * Rearls 

'* ~ * * * * '* Ie '* Ie * '* * * Ie Ie Ie Ie Ie Ie Ie Ie Ie 
th~ population data 

* v.31IJes. 
,*Ie Ie * * ~ A '* * * A Ie '* Ie * '* '* * '* Ie * Ie * Ie * * Ie Ie 

'* L=O 
DO WHILE (L.NE.-l) 
READ(RUNTT2,lS6)t,AP,APDS,AASS 
IF (L.NF..-l )THEN 

ENDIF 
END DO 

P(L)=AP 
PDS(L)=APDS 
ASS(L)=AASS 

*'* It. Ie '* ~ '* * '* '* '* * '* * * '* Ie Ie Ie Ie Ie Ie Ie It. Ie Ie '* Ie 
Ie 
Ie 
Ie Ie 
Ie 

Rearls th~ 'other' subdivision area data 
v~lIJes. 

* Ie Ie Ie Ie Ie Ie Ie * Ie Ie Ie Ie f Ie Ie Ie Ie Ie * Ie Ie * Ie '* * 

READ(RUNTT2,160)APAR~ 

READ(RUNIT2,160)ABUFF 
READ(RUNIT2,160)ASCHOL 
READ(RUNIT2,160)AMULT 
READ(RUNIT2,160)ACOM 
REAO(RUNIT2,160)AOTHER 
READ(RUNIT2,160)ASUB 
READ(RUNIT2,166)NDUMMY 

* IF (NnllMMY.NF..-l)THEN * PRINT* 
* PR INT*, 'F ILF. INCOMPLETE!!!' 
Ie PRINTIc,'CHECK THE END OF THE DATAFILE FOR -1' 
Ie PRINTIe,'THIS INDICATES COMPLETENESS.' 
Ie ENDIF 

* PRINTIc 
PRINT*,'COMPLF.TED ••• ' 
CLOSE (RUNIT2) 

'70 FORHAT ( 11 0) 
80 FORHATjFI0.l,IlO) 
100 FORHAT(II0,2FI0.2) 
110 FORMAT(2II0,5FI0.2) 
120 FORMAT(2FIO.2,II0) 
125 FORMAT(2FIO.2,IIO) 
130 FORMAT(4FIO.l) 
155 FORHAT(IIO) 

• 
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156 FORMATCIIO,3FIO.2) 
160 FORMATCF10.2) 
165 FORMAT(FIO.2) 
166 FORMAT(110) 
170 FORMAT(3FIO.2,IIO) 
175 FORMAT(A12,A35) 

RETURN 
END 

J 



B.2.20 SUBROUTINE: IOFILE 

55 

56 

SUBROUTINE IOFILE(DEVICE,IST) 

INTEGER DEVICE, 1ST 
CHARACTER*40 FNAME,FLAG*3 

IF ( IST.EO.l ) THEN 

ENDIF 

PRINT*,'Please, enter the name of the INPUT file:' 
READ 55,FNAME 
FLAG = ' OLt" 
FORMAT (A) 

IF ( IST.F.O.? ) THEN 

ENDIF 

PRINT*,'P]p~SP, pnter the name of the OUTPUT file:' 
READ 5G,FNAME 
FLAG = 'NEW' 
FORMAT (A) 

OPEN ( UNJT=DEVrCF, FILF=FNAME, STATUS=FLAG, ERR=60 ) 

RETURN 

60 WTOTF (5,70) 
70 FORMAT (lX,' F I L F. NOT F 0 UN D ') 

STOP 

END 
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B.2.21 SUBROUTINE: LIGHT 

SUBROuTINE LIGHT 

PARAHETER 
&. NODNUH= 1 00, I. INNUH= 150, TNTNUH= 10 

INTEG[H 
& RUNITI,RUNIT2,WUNITI,WUNIT2,ATTLIN,SS,CUL 
& CNODE,CLINK,PATH,BRANCH,STRLIT,LINASS(4),LIN~(3) 

REAL 
& LLINK,LROAD,LENGTH,KH,LTCOSL,LTCOSN 

COHHOI~ 

& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 

IAREA2/NNODE,NTYPE(NODNUH),ELEV(NODNUH),RADIUSCNODNUH), 
ANGLECNODNUH) 
IARRA3/NLINK,NODEl(LINNUH),NODE2(LINNUM),LLINK(LJNNUM) , 
UNITSCLINNUH),HULTI'LINNUH),AREACLINNUH) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREAII/COSTI,COST2/AREA12/COST3,COST4/AREA13/COST5,COST6 
IAREA19/TLCOST 
IAREA21/RUNITI,RUNIT2,WUNITl,WUNIT2 
IAREA25/SPAHAN,SPALIT,SPACAT 
IAREA2G/CORWDCLINNUH,2),AINTS(NODNUH),ALINK(LINNUM) 
IAREA27/ATTLIN(NODNUH,4),EXIT(NODNUM) 
IAREA28/STRLENCNODNUH,NODNUH,4),PATHCNODNUM,4,NODNUM) 
IAREA34/STRLITCNODNUH,NODNUH,4),LTCOSL(LINNUH),LTCOSN(NODNUM) 
LTLINKCLINNUH),LTNODECNODNUH) 
IAREA43/SSCOST,DSCOST,WHCOST,NLIGHT,SLCOST,TSIGN,CSIGN,MNHOLE, 
MHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TW~(,TBR,TRL,TBL, 

WKCOST,BRCOST,RLCOST,BLCOST 

DO 50 Nl=l,NNO[IE * set the ~ub-total ( per node ) to zero 
LTCOSN(Nl)=O.O 
LTNODE(NI)=O 
DO GO N2=1,NNODE 

DO 70 J=1,4 * set the number of street li9ht per street length C city block ) to zero 
STRLIT(Nl,N2,J)=0 

70 CONTINUE 
GO CONTINUE 
50 CONTINUE 

* DO 80 L=l,NLINK 
* set the ~ub-total ( per link ) to zero 

LTCOSL(L)=O.O 
LTLINK(L)=O 

80 CONTINUE 

* CALL COUNTER 



* chp~k th~ typP of the node * if thp node type is intersection or de~d end/cul-de-s~c * thpn find the links in between the nodes 
DO 100 N=J,NNODE 

IF ( NTYPB(N).F.Q.3 .OR. NTYPE(N).EQ.4.) THEN 

* * there is four possible br~nches for e~ch node 
DO 110 J=1,4 * set the number of links fl~9 to zero 

NL=O 

* * 

CALL FINDPATH(N,J,NL) 
IF ( Nt.EG.O) GOTO 110 
CLINK=PATH(N,J,NL) 

* set up the subscript for the v~ri~ble STRLEN to store * the street len9th between intersection/intersection, or * intersection/de~d end (cul-de-s~c) 

* 

IF ( NTYPB(NOnE](CLINK».NE.2 .AND. NTYPE(NODE2(CLINK» 
& .NE.2) THEN 

IF (N.EQ.NODEI(CLINK) THEN 
N2=NODE2(CLINK) 

ELSE 
N2=NODEl(CLINK) 

ENDIF 
ELSE 

IF (NTYP~(NODEI(CLINK».EQ.2 THEN 
N2=NODE2(CLINK) 

ELSE 
N2=NODE] (CLINK) 

ENDIF 
ENDIF 
Nl=N 

* set the tot~l street len9th between intersection/intersection, or * intersection/dead end (cul-de-s~c) to zero 
TOTAL=O.O 

* find the street len9th ( or city block) by chasin9 ~ll the links 
* in between the nodes Nl,N2 

DO 130 JJ=I,NL 
CLINK=PATH(N,J,JJ) * find corrp.~t street len9th 
CALL CHECKLEN(CLINK,SLEN) 
TOTAL=TOTAL+SLEN 

130 CONTINUE 

* * STRLEN(Nl,N2,J)=TOTAL 
110 CONTINUE 

ENDIF 
100 CONTINUE 

* * * * put the subscripts in increasin9 order 
DO 140 Nl=l,NNODE 
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DO 143 N2=I,NNODE 
DO 145 J=I,4 

IF (STRLEN(Nl,N2,J).NE.0.0 THEN 
.;.. fir,d the number o.f lirJl',s betwwl?n the '3iven r,odes 

CALL FINDPATH(Nl,J,NL) 
CLINK=PATH(Nl,J,NL) 

147 

145 
143 
140 

* * * 

DO 147 JJ=1,4 
IF (ATTLIN(N2,JJ).EQ.CLINK THEN 

J2=JJ 
ENDIF 

CONTINUE 
IF ( Nl.LT.N2 .AND. STRLEN(N2,N1,J2).EQ.0.0 

STRLENCN2,Nl,J2)=STRLEN(Nl,N2,J) 
ENDIF 

ENDIF 
CONTINUE 

CONTINUE 
CONTINUE 

THEN 

* calculate number ot street lights required in the sub-division 
Ie 
.;.. set the rp9ular street light counter to zero 

NRGLIT=O 
.;.. set the cul-de-sac street light counter to zero 

NSAL IT=O 
*
* * add enough street light to the intersection 
.;.. ~nd cul-de-sac 

DO 150 Nl=J,NNODE 

* ~treet ]j9hts for cul-de-sac 
* CHANGE T.IR IF STATEMENT WHEN THE DATA FILE IS SET UP CORRECTLY 
*- '.AND.' 

155 

& 

IF ( RADrUS(Nl).NE.O.O .OR. NTVPE(NI).EG.l) THEN 
NSALIT=NSALIT+I 
LTNODECNl)=1 
LTCOSNCNI)=COST2 
DO 155 J=I,4 

CLINK=ATTLINCNI,J) 
IF C CLINK.NE.O .AND. WROADCCLINK).NE.O.O) THEN 

SS=J 
ENDIF 

CONTINUE 
CLINK=ATTLINCNl,SS) 
IF C NTVPECNODEICCLINK».EQ.2 .OR. NTVPECNODE2(CLINK» 

.EQ.2) THEN 
CALL CULCHKCCLINK,CUL,Ml,M2,LINKl,A) 
IF ( CUL.EQ.O) THEN 

LTCOSLCCLINK)=COST2+LTCOSLCCLINK) 
LTLINKCCLINK)=LTLINK(CLINK)+1 

ELSE 
LTCOSLCLINKl)=COST2+LTCOSLCLINKl) 
LTLINKCLINK1)=LTLINKCLINK1)+1 

ENDIF 
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ELSE 
L TCOSL (CI. rm() =COST2i LTCOSI.. (CL Im() 
LTLINK(CtINK)=LTLINK(CLINK)+l 

ENDIF 
END IF 

~ strppt lights for 3-4 w~y intprsection 
IF ( NTYPE(Nl).EO.3 .DR. NTYPE(Nl).EO.4 THEN 

NRGLIT=NRGLJT+( NTYPE(Nl)-2 ) 
LTNOOE(NI)=NTYPE(Nl)-2 
LTCOSN(Nl)=LTNODE(Nl).COST2 
CALL DHAKER (Nl,LTNODE(Nl),LINK) 
DO 156 J=l,LTNODE(Nl) 

LTCOSL(LINK(J»=COST2+LTCOSL(LINKeJ» 
LTLINK(LINKCJ»=LTLINKCLINK(J»+l 

156 CONTINUE 
ENDIF 

~ 

~ interspction to intersection 
[10 160 N2=1,Nl 

IF (Nl.F.O.N2 THEN 
BRANCH=l 

ELSE 
BRANCH=4 

ENDIF 
DO 170 J=1,4 

IF ( STRI..FNCNI,N2,J).NE.0.0 
IF C DRANCH.GT.O) THEN 

BRANCH=BRANCH-l 

THEN 

~ set thp numh@r of links between two intersections or intersection/de~d 

-A en';/r.lJl.-de-s.~c to zero 
NBL=O 

~ determine the number of links between two intersections or 
*- int~rser.tion/rle~rl end/cul-de-s~c 

175 NRL=NBL+l 
CLINK=PATHCN1,J,NBL) 
IF C CLINK.EO.O) THEN 

NBL=NBL-l 
ELSE 

GOTO 175 
ENDIF 

-A determine the correct dist~nce for placing street lights 
CALL THREEWAY(NI,N2,J,NBL,EXRLEN) 

*-
*- determine the number of street li9hts per street length 
-A (or city block ) 

LIGHTS=INT«STRLENCNI,N2,J)+EXRLEN)/SPALIT-O.S) 
NRGLIT=LIGHTS+NRGLIT 
STRLIT(NI,N2,J)=LIGHTS 

*- determine which link h~s the street li9htS 
*- the total len9th by adding the spacing of street lights 

STLENl=O.O 
*- the total lpngth by adding the road length of the link 

STLEN2=EXRLEN 
*-
*- set up the start counter 

~(=O 

*-
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180 
STLENI=STLENl+SPALIT 

IF ( STLFNI.LE.STLEN2 THEN 
CLINK=PATH(Nl,J,K) 
IF ( LIGHTS.GT.O) THEN 

LTLINK(CLINK)=LTLINK(CLINK)+l 
LIGHTS=LIGHTS-l 
LTCOSL(CLINK)=LTCOSL(CLINK)+COST2 
STLENI=STLENl+SPALIT 
GOTO 180 

ENDIF 
ELSE 

K=K+1 
IF (K.LE.NBL) THEN 

CLINK=PATHCN1,J,K) 
CALL CHECKLEN(CLINK,SLEN) 
STLEN2=STLEN2+SLEN 
GOTO 180 

ENDIF 
ENDIF 

ENDIF 
ENDIF 

170 CONTINUE 
160 CONTINUE 
150 CONTINUE 
*. 
*. * ~dd up ~11 different type of street lights 

NLIGHT=NRGLIT+NSALIT 

* 

Page !I-lOS 

*. the price for the cu1-de-s~c street lights are unknown???????? 
*. therefore, assume all street lights have the same price 
*. 

SLCOST=NLJGHT*COST2 

CALL ASPI.IT(13,Sl.COST) 

TLCOST=Tl.COST+SLCOST 
*. 
*. WRITF(WUNITl,640)NLIGHT,SLCOST 
640 FORMATCIOX,'STREET LIGHTS (t)',T40,I6,T54,F7.0) 

*. OUTPUT THE RESULT (SPECIAL) 

T=O.O 
NLITS=O 
DO 152 L=l,NLINK 

T=T+LTCOSL(L) 
NLITS=NLITS+LTLINK(L) 

152 CONTINUE 
WRITEC089,154)SLCOST,NLIGHT,T,NLITS 

154 FORMAT ('1',' LIGHT :',2(3X,F9.0,3X,I3» 

DO 911 Nl=l,NNODE 
DO 902 N2=1,Nl 

DO 903 J=1,4 



IF ( STRLEN(Nl,N2,J).NE.0.0) THEN 
WRITE (008,950) NJ,N2,J,STRLEN(Nl,N2,J),STRLIT(N1,N2,J) 
ENDIF 

903 CONTINUE 
902 CONTINUE 
911 CONTTNUE 

[10 904 I=l,NNOrtE 
WRITE (OB8,900)I,LTNODE(1),LTCOSN(I) 

904 CONTINUE 
DO 905 1=1, NI. IN~' 
WRITE (OeO,931)I,LTLINK(I),LTCOSL(I) 

905 CONTINUE 

931 FORMAT (lX,'LINK',2(3X,I3),F9.3) 
900 FORMAT (lX,'NODU',2(3X,I3),F9.3) 
950 FORMAT (' " I FROM NODE I, 3X, 13, 3X,' TO NODE ',3X, I3, 3X , I BRANCH 

1,3X,I3,3X,' LENGTH ',3X,F9.3,3X,'LIGHT ',3X,13) 

RETURN 
END 
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B.2.22 SUBROUTINE: HAINCE 

* 

* * 

SUBROUTINE MAINCE 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=10 

INTEGER TYPE,METHOD,ELEM,WUNIT1,TSIGN,TIME 
& ,ICDFLG,IDAFLG,TRIFLG,CCTFLG,OPRFLG,MNTFLG,ECNFLG,ACCFLG 

REAL IMCOST,MGRAD,MGRATE,MNCOST,MINST,MNPACC,MCAPAF 
& ,MBCOS! 

CHARACTER~12 ACCONT,ACCNUH 
CHARACTER*50 DEFINE 

COHMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 
~ 
~ 

& 
& 
& 
& 
& 
& 
& 

TIME=3 

IAREAIO/APARK,ABUFF,PCOST,BCOST 
IAREA17ICOST25,COST26,COST27,COST28,COST29,COST30,COST31, 
COST32,COST33,MBCOST(25),OBCOST(25) 
IAREA20/ERRFLG,ICDFLG,IDAFLG,TRIFLG,CCTFLG,OPRFLG,MNTFLG,ECNFLG, 
IAREA21/RUNIT1,RUNIT2,WUNITl,WUNIT2 
IAREA37/SRCOST(LINNUM),FRONT(LINNUM),ASCHOL,AMULT,ACOH,AOTHER, 
ASUB,ASIDE(LINNUH),ASING,TSING,TMULT,APAVE,AWALK 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOS!,TSIGN,CSIGN,MNHOLE, 
MHCOST,NBASIN,CBCOST,NTRAFF,TFCOST,TWK,TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IAREA46/NACONT(25),ACCONT(25,10),PRCENT(25,10),SDCOST(25,10) 
,HNPACC(25,10),OPPACC(25,10) 
IAREA47/NACCNT,ACCOST(100),AMCOST(100),AOCOST(lOO),ACCNUM(lOOI 
,DEFINE(100) . 
IARFA49/TMCOST(2S),MGRAD(2S),MGRATE(25),MINST(25),MLIFE(25) 
,MNCOST(25,3),MCAPAF(25,lO,3) 
IARFA51/!PAREA,SSPIPE,WMPIPE,DSPIPE 

DO 100 TYPf.=1,21 * determinp which method is going to be used 
TPCENT=O.O 
DO 110 I=l,NACONT(TYPE) 

TPCENT=TPCENT+PRCENT(TYPE,I) 
110 CONTINUE 

IF ( TPCENT.LF..1 ) THEN 
~ using the r~tio or percentage 

METHOD=l 
ELSE 

* the givpn cost are already broke down 
HETHOD=2 

find 

ENDIF 

the present,annual,future worth 
IF ( MGRAD(TYPE).EQ.O.O) THEN 

CALL GOGRAD (IMCOST(TYPE),HGRATE(TYPE),MINST(TYPE),HLIFE(Tv· ~)' 
,P,A,F) 

MNCOST(TYPF.,l)=P 
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MNCOST(TYPE,2)=A 
MNCOST(TYPF.,3)=F 

ELSE 
MNCOST(TYPF.,l )=ARITHP(IMCOST(TYPE),MGRAD(TYPE),MINST(TYPE) 

~ ,MLIFE(TYPE» 
MNCOST(TYPE,2)=ARITHA(IMCOST(TYPE),MGRAD(TYPE),MINST(TYPE) 

& ,MLIFE(TYPE» 
MNCOST(TYPF.,3)=ARITHF(IMCOST(TYPE),MGRAD(TYPE),MINST(TYPE) 

& ,MLIFECTYPE» 
ENDIF 

~ ~pply th~ correct method 

130 

120 

IF C METHOD.EO.1) THEN 
DO 120 I=l,NACONTCTYPE) 
MNPACC(TYPE,I)=IMCOST(TYPE)~PRCENT(TYPE,I) 

MCAPAF(TYPE,I,I)=MNCOST(TYPE,I)*PRCENT(TYPE,I) 
MCAPAF(TYPE,I,2)=MNCOST(TYPE,2)~PRCENT(TYPE,I) 
MCAPAF(TYPE,I,3)=MNCOST(TYPE,3)~PRCENTCTYPE,I) 

DO 130 J=l,NACCNT 

ELSE 

IF (ACCNUM(J).EO.ACCONT(TYPE,I) THEN 
ELEM=J 

ENDIF 
CONTINUE 

AMCOST(ELEM)=AMCOST(ELEM)+MNPACC(TYPE,I) 
CONTINUE 

DO 140 J=l,NACONT(TYPE) 
DO 150 J=l,NACCNT 

IF C ACCNUM(J).EO.ACCONT(TYPE,I) THEN 
ELEM=J 

ENDIF 
150 CONTINUE 

AMCOSTCELEM)=AMCOST(ELEM)+PRCENT(TYPE, I) 
140 CONTINUE 

ENDIF 
100 CONTINUE 

* * find th@ tnt~l main. cost 
TMCOST=O.O 
DO 160 1=1,25 

TMCOST=IMCOST(I)+TMCOST. 
160 CONTINUE 

* summary 

* 
~ 

IF ( MNTFLG.EO.O) THEN 
WRITE (WUNIT1,900) 
DO 251 I=l,T.IME 

WRITE (WUNITl,905) 
257 . CONTINUE 

WRITE (WUNTTl,910) 
DO 258 I=l,TIHE 

WRITE (WUNIT1,911) 
258 CONTINUE 

WRITE (WUNTTl,915) 
DO 259 I=l,TIHE 
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WRITE CWUNIT1,920) 
259 CONTINUE 

WRITE (WUNITl,925) WMPIPE,MBCOST(1),IMCOST(1) 
WRITE <WUNITl,930) DSPIPE,MBCOST(2),IMCOST(2) 
WRITE (WUNIT1,935) SSPIPE,MBCOST(3),IMCOST(3) 
WRITE (WUNITl,940) TPAREA,MBCOST(4),IMCOSTC4) 
WRITE (WUNITl,95S) TWK,MBCOST(5),IMCOST(5) 
WRITE (WUNITl,9GO) TBR,MBCOSTCG),IMCOSTCG) 
WRITE (WUNITl,9GS) TRL,MBCOST(7),IMCOST(7) 
WRITE (WUNIT1,970) TBL,HBCOSTCe),IMCOST(e) 
WRITE (WUNITl,10G3) APARK,MBCOST(9),IMCOST(9) 
WRITE CWUNITl,lOGS) ABUFF,MBCOSTCI0),IMCOST(10) 
WRITE (WUNYTl,98S) NBASIN,MBCOST(ll),IMCOST(ll) 
WRITE CWUNITl,990) MNHOLE,MBCOST(12),IMCOSTCI2) 
WRITE (WUNITl,lOlO) NLIGHT,MBCOST(13),IMCOSTCI3) 
WRITE (WUNITl,101S) TSIGN,MBCOST(14),IMCOSTCI4) 
WRITE (WUNITl,1020) NTRAFF,MBCOSTClS),IMCOST(15) 
WRITE (WUNITl,1030) INT(TSING) 
WRITE (WUNITl,1035) MBCOST(lG),IHCOSTCIG) 
WRITE (WUNITl,1040) MBCOST(17),IMCOST(17) 
WRITE (WUNITl,104S) MBCOST(le),IMCOST(18) 
WRITE CWUNITl,10S0) INT(TMULT) 
WRITE (WUNITl,1035) MBCOSTClg),IMCOST(19) 
WRITE (WUNITl,1040) MBCOST(20),IMCOST(20) 
WRITE (WUNITl,1045) MBCOST(21),IMCOST(21) 
WRITE (WUNITl,1070) TMCaST 
DO 260 I=l,TIME 

WRITE (WUNITl,1080) rMCOST 
260 CONTINUE 

ENDIF * 30,20,20,25 
900 FORMAT ('I',' M A I N T F. NAN C E cas T') 
905 FORMAT ('+',' MAT N TEN A N C E COS T') 
910 PORMAT CIX,' MMMMMNNNMMNNNNNNNNMMNNNNNNNNNNN') 

911 FORMAT ('+',' NMMNMMMMMMMMNNNNNNNNNNNNNNNNNNN') 

915 FORMAT. (11111,GX,'DESCRIPTION',20X,'GUANTITY',17X,'UNIT COST', 
& 9X,'MAtNTENANCE COST') 

920 FORMAT ('+',5X,'DESCRIPTION',20X,'GUANTITY',17X,'UNIT COST', 
& 9X,'MAINTENANCE COST') 

92S FORMAT. (11,GX,'WATERMAIN',19X,FlO.2,'m',GX,2(eX,'S',lX,FlO.2,5X) 
930 FORHAT (GX,'DOHESTIC SEWER',14X,FIO.2,'m',GX,2(8X,'t',lX,FI0.2,5 
935 FORHAT (GX,'STORH SEWER',17X,FlO.2,'m',GX,2CeX,'S',lX,FlO.2,5X» 
940 FORHAT (11,GX,'PAVEHENT',20X,FIO.2,'sq. m',2X,2(8X,'t',lX,FlO.2, 
9SS FORHAT (11,GX,'SIDEWALK',20X,FlO.2,'sq. m',2X,2C8X,'S',lX,FlO.2, 
960 FORHAT (GX,'BARRIER CURB & GUTT~R',7X,FIO.2,'m', 

& GX,2(8X,'$',lX,FIO.2,SX» 
9G5 FORHAT (GX,'ROLLED CURB 3 GUTTER',eX,FlO.2,'m', 

& GX,2(8X,'S',lX,FIO.2,5X» 
970 FORHAT (GX,'BLVD. CURB & GUTT~R',9X,FlO.2,'m', 

& GX,2(8X,'S',lX,FIO.2,SX» 
985 FORHAT (11,GX,'CATCH-BASTN',20X,I4,2X,' units', 

& 2X,2(8X,'S',lX,FlO.2,5X» 
990 FOR HAT (11,GX,'HANHOtE',24X,I4,2X,' units', 

& 2X,2COX,'S',lX,F,10.2,5X» 
1010 FORHAT (11,6X,'STREET LIGHT',19X,I4,2X,' units', 

& 2X,2(OX,'S',lX,FIO.2,5X» 



1015 
& 

1020 
& 

1030 
1035 
1040 
1045 
1050 
1063 

& 
1065 

& 
1070 
1080. 
"-
"-

RETURN 
END 

I, 

FORMAT (6X,'STREET SIGN',20X,I4,2X,' units', 
2X,2(8X,'$',]X,FIO.2,5X» 
FORMAT (6X,'TRAFFIC SIGN',19X,I4,2X,' IJrlits', 
2X,2C8X,'$',lX,FIO.2,5X» 
FORMAT (11,6X,'SINGLE FAMILY',lOX,I4,2X,' units') 
FORMAT (JOX,'- GAS',36X,2(8X,'S',IX,F10.2,5X» 
FORMAT (lOX,'- POWF.R',34X,2(8X,'S',lX,FlO.2,5X» 
FORMAT (JOX,'- TELEPHONE',30X,2(8X,'S',lX,FIO.2,5X» 
FORMAT (6X,'MULTI-FAMILY',19X,I4,2X,' units') 
FORMAT (11,6X,'PARK DEVELOPMENT',12X,FIO.2,'Ha', 
5X,2(OX,'$',lX,FIO.2,5X» 
FORMAT (GX,'BUFFER DEVELOPMENT',10X,FIO.2,'Ha', 
5X,2(OX,'$',lX,FIO.2,5X» 
FORMAT (11,llX,'T 0 T A L',64X,'S',lX,FlO.2) 
FORMAT ('t',lOX,'T 0 T A L',64X,'S',lX,FlO.2) 
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B.2.23 SUBROUTINE: HANHOLE 

SUBROUTINE MANHOLE 

***********************************************************************-** 
* * * * * MANHOLE * * REQUIREMENTS * 
* * 
* * ******************************************************~****************** 
* * * * NTYPE - nod@ type. * ATTLTN the links ~5soci~te with the given node. ( NOTE: m3X. links c~n * ~tt~ch to th~ given node is 4 ) 
A CLINK - rurr@nt ljnk in the m@mory. * W~OAD - width of th~ ro~d of ~ given link. * HOLE - numb@r of m~nholes r@quire per link per sewer. * DSMAN - the number of dome~tic m~nholes per link. * DSCOSI. - the cost of domestic m~nholes per link. * DSCOSN·- the cost of dom~stic m~nhole per node. 
* SSMAN - th@ numb@r of storm m~nholes p@r link. * SSCOSL - th~ c~~t of storm m~nholes per link. * SSCOSN - the cast of storm m~nhole per node. * RA01US - the r~dius of the cul-de-s~c/bulb curve/tube s~c 

* MNHOLE - the tot~l of number of m~nholes require in the sub-division. * MHCOS! - the ·tot~l co~t of the m~nholes for the sub-division. 
A DSLTNK - dom@stic sewer elev. of ~ given link. 
A SSLINK - storm sewer elev. ~f ~ given link. 
* NODEl - origin node of the current link. * H1 - origin node of the current link. 
A NODE2 - d@st. node of the current link. * N2 - dest. node of the current link. * SSELEl ~torm s@wer eleva of the current link ~t the origin node. 
* SSELE2 - storm sewer eleva of the current link ~t the dest. node. 
* DSELEI - domestic sewer eleva of the current link ~t the origin node. * DSEtE2 - domestic sewer eleva of the current link ~t the dest. node. * DP!H - depth of the m~nhole from the ground level. 
* ELEVI - the elev~tion difference at o~igin node. 
* ELEV2 - the elevation difference ~t dest node. 
* SPAMAN - ~p~cing of c~tch-basin * HANBEn - the height of the bedding. * tEN~TH - length ot the link 
* CUL - ~ul-de-sac type 2 node tl~g * t,J - loop counter * SS - ~ubscript 

* 
* * * PARAMETER 

, NODNUM=lOO,LINNUM=lSO,INTNUM=lO 



'* *-

IN'l'EGER 
& AT'l'LIN,SS,RUNITl,RUNIT2,WUNI'l'1,WUNI'l'2,DSMAN,SSMAN,HOLE 
& ,CtINK,CUL,LINK(2) 

REAL 
& LLINK,L~NGTH,MHCOST,MANBED 

COMMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
8: 
& 
& 
& 
& 
& 

IARF.A2/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
ANGLE(NODNUM) 
IAREA3/NLINK,NODE] (LINNUH),NODE2(LINNUH),LLINKCLINNUM) , 
UNITS(LINNUM),HULTICLINNUH),AREA(LINNUH) 
IAREA4/LROAD(LINNUH),WROAD(LINNUH),TROAD(LINNUH) 
IAREA15/COSTll(G),COST12C9,5),COS'l'13(9,14),COS'l'14,COST15,COS'l'lG, 
COS'l'17,COST18(9) 
IARF.AIO/RK4(2),DSELEVCNODNUH),SSELEV(NODNUH),DIAWM(LINNUH), 
DIADSCLINNUH),DIASS(LINNUH),CWH(LINNUH),CDS(LINNUH),CSS(LINNUM) 
IAREA19/'l'LCOST 
IAREA21/RUNIT1,RUNIT2,WUNIT1,WUNIT2 
IAREA23/DSCOVR,DSVHIN,DSVHAX 
IAR~A24/SSCOVR,SSVMIN,SSVHAX 
IAREA25/SPAHAN,SPALIT,SPACAT 
IARF.A2G/CORWD(LINNUH,2),AINTS(NODNUH),ALIN.{(LINNUH) 
IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUH) 
IAREA28/STRLENCNODNUM,NODNUH,4),PATHCNODNUM,4,NODNUM) 
IAREA29/DSMAN(LINNUH),SSHANCLINNUM),DSCOSLCLINNUM), 
SSCOSLCLINNUH),DSCOSNCNODNUH),SSCOSNCNODNUH) • 
IAREA32/SSLINK(NODNUH,4),AVEDEPCLINNUH),DSLINKCNODNUM,4) 
IAREA43/SSCOS'l',DSCOS'l',WHCOS'l',NLIGHT,L'l'COS'l',TSIGN,CSIGN,MNHOLE, 
MHCOS'l',NBASIN,CBCOS'l',N'l'RAFF,TRACOS,TW.{,'l'BR,TRL,'l'BL, 
WKCOS'l',BRCOS'l',RLCOS'l',BLCOS'l' 

*- temporary value of the b~ddin9 
MANBED=.200 

'* *-
*-'* set th~ total of m3nholes and the cost to zero 

HNHOLE=O 
HHCOS'l'=O.O 

set the ~ost of an m3nhole 
DO 90 I=l,NNODE 

DSCOSNCI)=O.O 
SSCOSNCI)=O.O 

per node to zero 

90 CONTINUE 
*-
*-

100 

set th.e rcst .3nd number 
DO 100 I=l,NLINK 

DSCOSLCI)=O.O 
[ISHAN ( I) =0 
SSCOSL(I)=O.O 
SSHANCI)=O 
CON'l'INUE 

of manholes to zero tor e~ery link 
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[10 11 0 I= 1 , Nt IN~( 

*-
*- set the cul-de-sac fla'3 to zero 

*-

CUL=O 
IF ( N!YPE(~ODEl(I».Ea.2 .OR. NTYPE(NODE2(I».EQ.2 

CALL CULCHK(I,CUL,Nl,N2,LINKl,LENGTH) 
ENDIF 

IF ( CUL.EQ.I) THEN 
CLINK=LINKI 

ELSE 

ENDIF 

CLINK=! 
Nl=NODEl(I) 
N2=NODE2(I) 
LENGTH=LLINK(I) 

*- calcu]at~ number of manholes require per link 
HOLE=INT(LENGTH/SPAMAN-O.S) 
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THEN 

*- since th~ link is too short, therefore no manhole requires 
IF ( HOLE.LT.l) GOTO 110 

-A 
*- det~rmjn~ th~ dppth and the cost of the manholes 
-A 
*- for DOMP-STIC MANHOLE 
*- determine the slope ~n91e of the pipe. 
*-
*- find the domestic sewer eleva at ori9in node 

120 

*-

DO 120 J=1,4 
IF ( ATTI.IN(N] ,.1) .EQ. I THEN 

SS=J 
ENDIF 

CONTINUE 
DSELE1=DSLTNK(Nl,SS) 

*- find the domestic sewer eleva at dest. node 

130 

DO 130 J=1,4 
IF (ATTLIN(N2,J).EO.I THEN 

SS=J 
ENDIF 

CONTINUE 
DSELE2=DSLINK(N2,SS) 
IF ( DSELF.l.LT.9000.0 .AND. DSELE2.LT.9000.0) THEN 

MNHOLE=HNHOLE+HOLE 
DSHANCCLINK)=HOLE 

*- determine the domestice pipe slope an91e 
ELEVl=ELEV(Nl)-DSELEl 
ELEV2=ELEV(N2)-DSELE2 

*-

IF ( ELEVl.LT.ELEV2) THEN 
ANG=ATAN«EL~V2-ELEV1)/LENGTH) 

*- determinp the price for each manhole per link 
DO 140 M=l,HOLE 

DPTH=TAN(ANG)*M*SPAHAN+ELEVl+MANBED 



140 

*. 

DSCOSL(CLINK)=DSCOSL(CLINK)+(COST15*DPTH) 
CONTINUE 

ELSE 
ANG=ATAN«ELEVI-ELEV2)/LENGTH) 

* det@rmin@ the price for e~ch manhole per link 
DO 150 M=l,HOLE 

DPTH=TAN(ANG)*.(LENGTH-M*.SPAMAN)+ELEV2+MANBED 
DSCOSL(CLINK)=DSCOSLCCLINK)+(COST15*.DPTH) 

150 CONTINUE 
ENDIF 

*. addup the total cost per link and the whole sub-division 
DSCOSL(CLINK)=DSCOSL(CLINK)+COST14 
MHCOST=MHCOST+DSCOSLCCLINK) 

*. 
*. 

ENDIF 

* for STORM MANHOLE * determine the slope an91e of the pipe. 
*. 
*. find the ~torm sewer elev. at ori9in node 

DO 160 J=1,4 
IF (ATTLrNCNl,J).EG.I THEN 

SS=J 
EN[I IF 

160 CONTINUE 
SSELEl=SSLINK(Nl,SS) 

*. 
*. find the storm sewer elev. at dest. node 

DO 170 J=1,4 

170 

IF C ATTLrN(N2,J).EG.I) THEN 
SS=J 

ENDIF 
CONTINUE 

SSELE2=SSLTNK(N2,SS) 
IF ( SSELF.]. I. T. 9000.0 . AND. SSELE2. LT. 9000.0) THEN 

MNHOLE=MNHOLE+HOLE 
SSMAN(CLINK)=HOLE 

*. det~rmine the ~torm pipe slope ansle 
ELEVl=ELEV(Nl)-SSELEl 
ELEV2=ELEV(N2)-SSELE2 

*. 

IF ( ELEVl.LT.ELEV2) THEN 
ANG=ATAN«ELEV2-ELEVl)/LENGTH) 

*. determine the price for each manhole per link 
DO 180 M=l,HOLE 

DPTH=TAN(ANG)*M*.SPAMAN+ELEV1+HANBED 
SSCOSL(CLINK)=SSCOSL(CLINK)+CCOST15*DPTH) 

180 CONTINUE 

* 

ELSE 
ANG=ATANCCELEVl-ELEV2)/LENGTH) 

* determine the price for each manhole per link 
[10 190 H=l,HOLE 

DPTH=TANCANG)*CLENGTH-M*SPAHAN)+ELEV2+HANBED 
SSCOSLCCLINK)=SSCOSLCCLIN.')+CCOST15*DPTH) 

190 CONTINUE 
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ENDIF 
~ addup th~ total cost per link and the whole sub-division 

SSCOSL(CLINK)=SSCOSL(CLINK)+COSTI4 
MHCOST=MHCOST+SSCOSL(CLINK) 

ENDIF 
110 CONTINUE 
*. 
*. 

*-
DO 200 I=I,NNODE * add onp m~nhol~ to the node and calculate the cost 
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*- check the type of the node, if the node is cul-de-sac type 2 node, 
*- then skips the calculation 
*- set the cul-de-sac flag to zero 

CUL=O 

205 

*. 

IF (NTYPECI).EG.2 THEN 
DO 205 J=1,4 

CLINK=ATTLIN(I,J) 
Nl=NODE1(CLINK) 
N2=NODE2 C CL IN~{) 
IF C NTYPECNl).EG.l .AND. RADIUS(Nl).NE.O.O .OR. 

& NTYPECN2).EG.l .AND. RADIUS(N2).NE.0.0) THEN 
CUL=l 

ENDIF 
CONTINUE 

ENDIF 

IF ( CUL.EG.l GOTO 200 

*. for nOMESTIC MANHOLE 

'* '* find th~ Jow~st dom@stic eleva pipe line 

210 

'* 

215 

[lSELE1=9999.0 
DO 210 .1=1,4 

IF ( DSLINK(I,J).LT.DSELEI .AND. DSLINK(I,J).NE.O.O) THEN 
DSELE1=DSLINK(I,J) 

ENDIF 
CONTINUE 

IF (DSELEl.LT.9000.0 THEN 
HNHOLE=MNHOLE+l 
DPTH=ELEV(I)-DSELE1+MANBED 
DSCOSN(I)=COSTI4+COST15*-DPTH 
HHCOST=HHCOST+DSCOSN(I) 
IF ( NTYPE(I).EQ.7) THEN 

DO 215 J=1,4 
CLINK=ATTLIN(I,J) 
IF ( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O THEN 

S5=J 
ENDIF 

CONTINUE 
CALL CULCHK(CLINK,CUL,Hl,H2,LINK1,A) 
IF ( CUL.EQ.O) THEN 

CALL DMAKER (I,1,LINK) 
DSCOSL(LINK(I»=DSCOSN(!)+DSCOSL(LINK(I» 
DSMAN(LINK(1»=DSMAN(LINK(1»+1 

ELSE 



* *. 

DSCOSL(LTNKl)=DSCOSN(I)+DSCOSL(LINKl) 
DSMAN(LINKl)=DSMAN(LINKl)+l 

ENDIF 
ELSE 

CALL DMAKrR (I,l,LINK) 
DSCOSL(LINKCl»=DSCOSN(I)+DSCOSL(LINK(I» 
DSMAN (L IN~{( ] ) ) =DSMAN (L IN~{ ( 1 ) ) + 1 

ENDIF 
ENDIF 

*. for STORM MANHOLE 

* * find the lowp.~t storm elev. plpe line 
SSELEl=CJCJCJCJ.O 
DO 220 J=1,4 

IF ( SSLINK(J,J).LT.SSELEI .AND. SSLINK(I,J).NE.O.O) THEN 
SSELEl=SSLINK(I,J) 

220 

230 

200 
*. 

ENDIF 
CONTINUE 

IF (SSELEl.Lt.CJOOO.O THEN 
MNHOLE=MNHOLE+l 
DPTH=ELEV(I)-SSELEl+MANBED 
SSCOSN(I)=COST14+COST15*.DPTH 
MHCOST=MHCOST+SSCOSN(!) 
IF ( NTYPE(I).EQ.7) THEN 

DO 230 J=I,4 
CLINK=ATTLIN(I,J) 
IF ( CLINK.NF.O .AND. WROAD(CLINK).NE.O.O 

SS=J 
ENDIF 

CONTINUE 
CALL CULCHK(CLINK,CUL,Ml,M2,LINKl,A) 
IF ( CUL.EQ.O) THEN 

CALL DMAKrR (J,I,LINK) 
SSCOSL(LINK(l»=SSCOSN(I)+SSCOSL(LINK(l» 
SSMAN(LINK(l»=SSMAN(LINK(l»+1 

ELSE 
SSCOSL(LJNK1)=SSCOSN(I)+SSCOSL(LINKl) 
SSMAN(LINKl)=SSMANCLINKI)+1 

ENDIF 
ELSE 

CALL DMAKFR CJ,l,LINK) 
SSCOSLCLINKCl»=SSCOSNCI)+SSCOSLCLINK(l» 
SSMANCLINK(l»=SSMAN(LINK(l»+l 

ENDIF 
ENDIF 
CONTINUE 

CALL ASPLJT(l',MHCOST) 

TLCOST=TLCOST+MHCOST 
*. WRITECWUNITl,320)MNHOLE,MHCOST 
320 FORMAT('l',CJX,'MANHOLE (t)',T40,I6,T54,F7.0,/) 
*. 

THEN 
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A OUTPUT THE RESULT (SPECIAL) 
T=O.O 
NM=O 

DO 333 I=J ,NLINK 
T=DSCn~L(t)+SSCOSL(I)+T 

NM=DSM!~N ( I) +.SSMAN ( I) +NM 
333 CONTINUE 

WRITE (088,G20)MNHOLE,NM 
WRITE (088,GIO)MHCOST,T 

DO 401 I=l,NNODE 
WRITE (08a,601),I,DSCOSN(I),SSCOSN(I) 

401 CONTINUE 

400 

DO 400 1= 1. , NI. INK 
WRITE (088,GOO)I,DSMAN(I),DSCOSL(I), 

&SSMAN(I),SSCOSL(I) 

CONTINUE 

FORMAT ('I',' MANHOLF. =',2(3X,I3» 
FORMAT (II,' MANHOLE COST =',3X,2(P10.0» 
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620 
610 
GOI 
600 

PORMAT (lX,'NODE :',I3,3X,'DS :',FlO.3,3X,'SS :',FIO.3) 
FORMAT <lX,'LINH :',I3,3X,'DS: ',I3,3X,F10.3,3X,'SS: ' 
,I3,8X,FIO.3) 

RETURN 
END 



~/ 

B.2.24 SUBROUTINE: OHINIT 

-A 

"" -A 

'* 

'* 

'* 

'* 

'* 
*. 

SUBROUTINF OMINIT 

PARAMETER 
& NODNLlM= 1 00,1. INNUM= 150, INTNUM= 10 

INTEGER TSIGN 

REAL HBCOST,TMCOST,IOCOST 

COMMON 
.1 

& 
& 
8: 
& 
& 
& 
& 
& 
& 
& 
& 
& 
8: 
& 
& 
8: 
1 

m.'3in. 

IAR~AI0/APARK,ABUFF,PCOST,BCOST 

IAREA17/COST25,COST2G,COST27,COST2S,COST29,COST30,COST31, 
COST32,COST33,MBCOST(2S),OBCOST(25) 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA37/SRCOST(LINNUM),FRONT(LINNUM),ASCHOL,AMULT,ACOM,AOTHER, 
ASUB,ASIDE(LINNUM),ASING,TSING,THULT,APAVE,AWALK 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
MHCOST,NBASIN,CBCOST,NTRAFF,TFCOST,TW.',TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IARFA4G/NACONT(25),ACCONT(25,lO),PRCENT(25,10),SDCOST(25,10) 
,MNPACC(2S,lO),OPPACC(25,lO) 
IAREA47/ACCOST(lOO),AMCOST(lOO),AOCOST(lOO),ACCNUM(lOO) 
,DEFINECIOO) 
IAREA49/JMCOST(25),MGRAD(25),MGRATE(25),MINSTC25),MLIFE(25) 
,HNCOST(2S,3),MCAPAF(25,lO,3) 
IARFA50/IOCOST(2S),OGRAD(2S),OGRATE(2S),OINST(25),OLIFE(2S) 
,OPCOST(25,3),OCAPAF(2S,lO,3) 
IARFA51/TPARFA,SSPIPF,WMPIPE,DSPIPE 

cost 
IMCOST(l)=WMPIPE*.MBCOST(l) 
IMCOST(2)=DSPIPE*MBCOST(2) 
IMCOST(3)=SSPIPE*MBCOST(3) 

IMCOST(4)=TPAREA*.MBCOST(4) 
IMCOST(S)=TWK*MBCOST(S) 
IMCOST(G)=TBR*MBCOST(G) 
IMCOST(7)=TRL*MBCOST(7) 
IMCOST(S)=TBL*HBCOST(8) 

IMCOST(9)=APARK*.HBCOST(9) 
IHCOST(lO)=ABUFF*.HBCOST(lO) 

IMCOST(11)=NBASIN*MBCOST(11) 
IMCOST(12)=HNHOLE*HBCOST(12) 
IMCOST(13)=NLIGHT*MBCOST(13) 

IHCOST(14)=TSIGN*.MBCOST(14) 
IHCOST(lS)=NTRAFF*MBCOST(lS) 

IMCOST(lG)=TSING*MBCOST(1G) 
IMCOST(17)=TSING*.MBCOST(17) 
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IMCOST(lO)=TSING*MBCOST(18) 

* IMCOST(19)=TMULT*MBCOST(19) 
IMCOST(20)=TMULT*MBCOST(20) 
tMCOST(21)=TMULT*MBCOST(21) 

* 
* oper~tjon cost 

IOCOST(l)=WMPIPE*OBCOST(l) 
IOCOST(2)=DSPIPF,*OBCOST(2) 
IOCOST(3)=SSPIPE*OBCOST(3) 

* 
IOCOST(4)=TPAREA*OBCOST(4) 
IOCOST(S)=TWK*OBCOST(S) 
IOCOST(6)=TBR*OBCOST(6) 
IOCOST(7)=TRL*OBCOST(7) 
IOCOST(S)=TBL*OBCOST(S) 

* 
IOCOST(9)=APARK*OBCOST(9) 
IOCOST(lO)=ABUFF*OBCOST(10) 

* 
IOCOST(11)=NBASIN*OBCOST(11) 
IOCOST(12)=MNHOLE~OBCOST(12) 
IOCOST(13)=NLIGHT~OBCOST(13) 

* 
IOCOST(14)=TSIGN~OBCOST(14) 
IOCOST(15)=NTRAFF~OBCOST(15) 

* IOCOST(16)=TSING*OBCOST(16) 
IOCOST(17)=TSING*OBCOST(17) 
IOCOST(lS)=TSING*OBCOST(18) 

* 
IOCOST(19)=TMULT*OBCOST(19) 
IOCOST(20)=TMULT*OBCOST(20) 
IOCOST(21)=TMULT*OBCOST(21) 

* * * RETURN 
END 



B.2.25 SUBROUTINE: OPERAT 

* 

SUBROUTINE OPERA! 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=10 

INTEGER TYPE,METHOD,ELEM,OLIFE,WUNITl,TSIGN,TIME 
& ,ICDFLG,IDAFLG,TRIFLG,CCTFLG,OPRFLG,MNTFLG,ECNFLG,ACCFLG 

REAL IOCOST,OGRAD,OGRATE,OPCOST,OINST,OPPACC 

CHARACTER*12 ACCONT,ACCNUM 
CHARACTER*50 DEFINE 

COMMON 
i 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 

TIME=3 

IAREAI0/APARK,A~UFF,PCOST,BCOST 

IAREA17ICOST25,COST26,COST27,COST2B,COST29,COST30,COST31, 
COST32,COST33,MBCOST(25),OBCOST(25) 
IAREA20/ERRFLG,ICDFLG,IDAFLG,TRIFLG,CCTFLG,OPRFLG,MNTFLG,ECNFLG, 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA37/SRCOST(LINNUM),FRONT(LINNUM),ASCHOL,AMULT,ACOM,AOTHER, 
ASUB,ASIDE(LINNUM),ASING,TSING,TMULT,APAVE,AWALK 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOLE, 
MHCOST,NBASIN,CBCOST,NTRAFF,TFCOST,TW~',TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 
IAREA46INACONT(25),ACCONTC25,lQ),PRCENTC25,lO),SDCOSTC25,10) 
,MNPACCC25,10),OPPACC(25,10) 
IAREA47INACCNT,ACCOSTCIOO),AMCOST(100),AOCOSTCIOO),ACC~M(100) 

,DEFINECIOO) 
IAR~A50/IOCOST(25),OGRAD(25),OGRATE(25),OINST(25),OLIFE(25) 

,OPCOST(25,3),OCAPAF(25,10,3) 
IAREA5]/TPAR~A,SSPIPF,WMPIPE,DSPIPE 

DO 100 TYPF=1,21 * determinp which method is 90in9 to be used 
TPCENT=O.O 
DO 110 I=l,NACONT(TYPE) 

TPCENT=TPCENT+PRCENT(TYPE,I) 
110 CONTINUE 

IF ( TPCENT.LF.l ) THEN 
* usin9 the r~tio or percentage 

METHOD=l 
ELSE * the 9iYen cost ~re already broke down 

METHOD=2 
ENDIF 

* * find the present, annual, and future worth 
IF ( OGRAD(TYPt).EO.O.O) THEN 

CALL GOGRAD (IOCOSTCTYPE),OGRATE(TYPE),OINST(TYPE),OLIFE(TYPF. 
& ,P,A,F) 

OPCOST(TYPE,l)=P 
OPCOST(TYPE,2)=A 
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OPCOST(TYPE,3)=F 
ELSE 

OPCOST(TYPf,l)=ARITHP(IOCOST(TYPE),OGRAD(TYPE),OINST(TVPE) 
& ,OLIFE(TYPE» 

OPCOST(TYPF.,2)=ARITHA(IOCOST(TYPE),OGRAD(TYPE),OINST(TYPE) 
~ ,OLIFE(TYPE» 

OPCOST(TVPf,3)=ARITHF(IOCOST(TYPE),OGRAD(TVPE),OINST(TYPE) 
& ,OLIFE(TYPE» 

ENDIF 
Ie 
Ie ~pp1y the correct method 

130 

120 

IF ( METHOD.ED.1) THEN 
DO 120 I=l,NACONT(TYPE) 

OPPACC(TYPF.,I)=IOCOST(TYPE)lePRCENT(TYPE,I) 
OCAPAF(TYPE,I,1)=OPCOST(TYPE,1)lePRCENT(TYPE,I) 
OCAPAF(TYPE,I,2)=OPCOST(TYPE,2)lePRCENT(TYPE,I) 
OCAPAF(TYPE,I,3)=OPCOST(TYPE,3)*PRCENT(TYPE,I) 
DO 130 J=l,NACCNT 

ELSE 

IF (ACCNUM(J).ED.ACCONT(TYPE,I) THEN 
ELEM=J 

ENDIF 
CONTINUE 

AOCOST(ELEM)=AOCOST(ELEM)+OPPACC(TYPE,I) 
CONTINUE 

DO 140 I=l,NACONT(TYPE) 
DO 150 J=l,NACCNT 

IF (ACCNUM(J).ED.ACCONT(TYPE,I) THEN 
ELEM=J 

ENDIF 
ISO CONTINUE 

AOCOST(ELF.M)=AOCOST(ELEM)+PRCENT(TYPE,I) 
140 CONTINUE 

ENDIF 
100 CONTINUE 
Ie 
* find th~ tot~] oppr~tion cost 

TOCOST=O.O 
DO 160 1=1,21 

TOCOST=IOCOST(I)+TOCOST 
160 CONTINUE 

Ie 
Ie 
Ie $IJmmar y 
Ie 

* IF ( OPRFLG.EQ.O) THEN 
WRITE (WUNITl,900) 
DO 251 1=1,TIME 

WRITE (WUNIT1,905) 
251 CONTINUE 

WRITE (WUNIT1,910) 
DO 258 I=I,TIME 

WRITE (WUNITl,911) 
259 CONTINUE 

WRITE (WUNIT1,91S) 
) 



DO 259 I=l,TIME 
WRITE (WUNTTl,920) 

259 CONTINUE 

WRITE (WUNTTl,925) WMPIPE,OBCOSTCl),IOCOSTCl) 
WRITE (WUNITl,930) DSPIPE,OBCOST(2),IOCOST(2) 
WRITE (WUNITl,935) SSPIPE,OBCOST(3),IOCOST(3) 
WRITE (WUNITl,940) TPAREA,OBCOST(4),IOCOST(4) 
WRITE (WUNITl,955) TWK,OBCOST(5),IOCOST(5) 
WRITE (WUNITl,960) TBR,OBCOST(6),IOCOST(6) 
WRITE (WUNITl,965) TRL,OBCOST(7),IOCOST(7) 
WRITE (WUNITl,970) TBL,OBCOST(B),IOCOSTCB) 
WRITE (WUNITl,1063) APARK,OBCOST(9),IOCOST(9) 
WRITE (WUNITl,1065) ABUFF,OBCOSTCIO),IOCOSTClO) 
WRITE (WUNITl,9B5) NBASIN,OBCOST(ll),IOCOST(ll) 
WRITE (WUNITl,990) MNHOLE,OBCOST(12),IOCOST(12) 
WRITE (WUNITl,lOlO) NLIGHT,OBCOST(13),IOCOST(13) 
WRITE (WUNITl,1015) TSIGN,OBCOST(14),IOCOST(14) 
WRITE (WUNITl,1020) NTRAFF,OBCOST(15),IOCOST(15) 
WRITE (WUNITl,1030) INT(TSING) 
WRITE (WUNITl,1035) OBCOST(16),IOCOST(16) 
WRITE (WUNITl,1040) OBCOST(17),IOCOST(17) 
WRITE (WUNITl,1045) OBCOST(lB),IOCOST(lB) 
WRITE (WUNITl,1050) INT(TMULT) 
WRITE (WUNITl,1035) OBCOST(19),IOCOST(19) 
WRITE (WUNITl,1040) OBCOST(20),IOCOST(20) 
WRITE (WUNITl,1045) OBCOST(21),IOCOST(21) 
WRITE (WUNITl,I070) TOCOST 
DO 260 I=I,TIME 

WRITE (WUNTT] ,lOBO) TOCOST 
260 CONTINUE 

ENDIF 
-}.. 30,20,20,25 
900 FOP MAT ('I',' 0 PER A T ION COS T') 
905 FORMAT ('~',' 0 P F. RAT tON COS T') 
910 FORMAT (IX, I NNNNNNNNNNNNNNNNNNNNNNNNNNN/) 

911 FORMAT ('+',' NNNNNNNNNNNNNNNNNNNNNNNNNNN') 

915 FORMAT (11111,6X,'DESCRIPTION',20X,'QUANTITY',17X,'UNIT COST', 
& llX,'OPERATION COST') 

920 FORMAT ('+',5X,'DF.SCRIPTION',20X,'QUANTITY',17X,'UNIT COST', 
& llX,'OPERATION COST') 

925 FORMAT (11,6X,'WATERMAIN',19X,FIO.2,'m',6X,2(BX,'S',lX,FIO.2,5X) 
930 FORMAT (6X,'DOMESTIC SEWER',14X,FlO.2,'m',6X,2(BX,'S',lX,FlO.2,5 
935 FORMAT (6X,'STORM SEWER',17X,FlO.2,'m',6X,2(BX,'S',lX,FlO.2,5X» 
940 FORMAT (11,6X,'PAVEMENT',20X,FlO.2,'sq. m',2X,2(BX,'S',lX,FlO.2, 
955 FORMAT (11,6X,'SIDEWALK',20X,FlO.2,'sq. m',2X,2(BX,'S',lX,FlO.2, 
960 FORMAT (6X,'BARRIER CURB I GUTTER',7X,FlO.2,'m', 

& 6X,~(CX,'$',lX,FlO.2,5X» 

965 FORMAT C6X,'ROLLED CURB & GUTTER',BX,FlO.2,'m', 
& 6X,2(OX,'$',lX,FlO.2,5X» 

970 FORMAT (6X,'BLVD. CURD & GUTTER',9X,FIO.2,'m', 
& 6X,2C8X,'S',lX,FIO.2,5X» 

985 FORMAT (11,6X,'CATCH-BASIN',20X,I4,2X,' units', 
& 2X,2(OX,'$',lX,FlO.2,5X» 

990 FORMAT (11,6X,'MANHOLE',24X,I4,2X,' units', 
& 2X,2(OX,'S',lX,FIO.2,5X» 

1010 FORMAT (11,6X,'STREST LIGHT',19X,I4,2X,' units', 
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& 
1015 

& 
1020 

& 
1030 
1035 
1040 
1045 
1050 
10G3 

& 
10G5 

& 
1070 
1080 

* * RETURN 
END 

2X,2(8X,'$',lX,F10.2,5X» 
FORMAT (6X,'STREET SIGN',20X,I4,2X,' units', 
2X,2(OX,'$',lX,FIO.2,5X» 
FORMAT (6X,'TRAFFIC SIGN',19X,I4,2X,' units', 
2X,2(8X,'$',lX,FIO.2,5X» 
FORMAT (//,6X,'SINGLE FAMILY',laX,I4,2X,' units') 
PORMAT (lOX,'- GAS',3GX,2(BX,'$',lX,FIO.2,5X» 
PORKAT (lOX,'- POWER',34X,2(8X,'$',lX,FIO.2,5X» 
FORMAT (10X,'- TELEPHONE',30X,2(8X,'$',lX,FIO.2,5X» 
FORMAT (6X,'MULTI-FAMILY',19X,I4,2X,' units') 
FORMAT (//,GX,'PARK OEVELOPMENT',12X,F10.2,'H~', 
5X,2(OX,'$',lX,FIO.2,5X» 
FORMAT (GX,'BUFFER DEVELOPMENT',10X,FIO.2,'H~', 
5X,~(BX,'$',lX,FIO.2,5X» 

PORMAT (//,llX,'T 0 T A L',G4X,'$',lX,FIO.2) 
PORMAT ('~',lOX,'T 0 T A L',G4X,'S',lX,F10.2) 



I 

B.2.26 SUBROUTINE: OUTDATI 

~~~~~*~*-**********~~**-****~**~****~*~~*~~***-**~*~*-*~****-*-~*-~*-*-**-~~**-*-~~ 
*. * 
~ SUBROUT INE OUTDATl *-
*- * *- This subroutin@ OUTPUTS the unit cost d~t~. *-
*- ~ 
~~****-***~~*~******-**-******-**************************************-**~*** 
*-*- LOCAl. VAR IABLES 

*-*- I, J - I.OOP CONTROl. VAR IABLES 

*-
SUBROUTINE OUTDATl 
INTEGER WUNITl,WUNIT2,RUNITl,RUNIT2 

COMMON 
& IARFAII/COSTl,COST2/AREAI2/COST3,COST4/AREAl3/COST5,COS16 

IAREA14/COST7,COST8,COST9,COSTIO 
IARFA15/COSTll(6),COST12(9,5),COST13(9,14),COST14,COST15,COST16, 
COST 17, COSTl8 (9) 
IAREAJ6/COSTI9,COST20,COST21,COST22,COST23,COST24 
IAREAI7/COST25,COST26,COST27,COST28,COST29,COST30,COST31, 

& 
& 
& 
& 
& 
& 
& 

COST32,COST33 
IAREA21/RUNIT1,RUNIT2,WUNITl,WUNIT2 

WRITE(WUNTTl,60)COSTl,COST2,COST5,COST6, 
& COST7,COSTS,COST9,COSTI0, 
& COST3,COST4, 
& COSTJ9,COST20,COST21,COST22,COST23,COST24 

60 FORMAT('lUNIT PRICES',/X,11('='),III,X'DESCRIPTION' 
& T37, 'UNITS' ,T54, 'UNIT PRICE' ,III 
& X,'STREET SIGN',T32,'$/INTERSECTTON',T53,F9.2,1 
& X,'STREET LIGHT',T36,'$/LIGHT',T53,F9.2,11 
& X,'COLLECTOR STREET',T36,'$/Sa M',T53,F9.2,1 
& X,'LOCAL STREET',T36,'$/Sa M',T53,F9.2,11 
& X,'SIDEWALK',T36,'$/Sa M',T53,F9.2,1 
& X,'BARRIER CURB & GUTTER',T38,'$/M',T53,F9.2,1 
& X,'ROLLED CURB & GUTTER',T38,'$/M',T53,F9.2,1 
& X,'BLUD CURB & GUTTER',T38,'$/M',T53,F9.2,11 
& X,'PARK DEUELOPMENT',T37,'$/HA',T53,F9.2,1 
& X,'BUFFER DEVELOPMENT',T37,'$/HA',T53,F9.2,1/ 
& X,'POWER (SINGLE FAMILY)',T36,'$/UNIT',T53,F9.2,1 
& X,' (MULTI FAMILY)',T36,'$/UNIT',T53,F9.2,/ 
& X,'GAS (SINGLE FAMILY)',T36,'$/UNIT',T53,F9.2,/ 
& X,' (HULTI FAMILY)',T36,'$/UNIT',T53,F9.2,/ 
& X,'PHONE (SINGLE FAMILY)',T36,'$/UNIT',T53,F9.2,1 
& X,' (HULTI FAHILY)',T36,'$/UNIT',T53,F9.2,11) 

WRITE(WUNITl,61)COST25,COST26,COST27,COST28, 
& . COST29, COST30, COST31, COST32, COST33 

61 FORMAT(X,'STREET SWEEPING',T36,'$/KH/YR',T53,F9.2,1 
& X,'WINTER ROAD',T36,'$/KH/YR',T53,F9.2,1 
& X,'ASPHALT MAINTENANCE',T36,'$/KH/YR',T53,F9.2,1 
& X,'CONCRETE MAINTENANCE',T36,'$/KM/YR',T53,F9.2,1/ 
& X,'SEWER MAINTENANCE',T36,'$/KM/YR',T53,F9.2,/ 
& X,'WATFR MAINTENANCE',T36,'$/KH/YR',T53,F9.2,1/ 
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& X,'SOLID WASTE COLLECTTON',T36,'$/HA/YR',T53,F9.2,1 
& X,'STREET LIGHT MAINTENANCE',T35,'$/LIGHT/YR',T53,F9.2,1 
& X,'PARK & BUFFER MAINTENANCE',T36,'$/HA/YR',TS3,F9.2,11) 

WRITE(~UNITl,62)COST16,COST17,COSTI8,COSTI4,COST15 
62 FORMAi(X,'CAICHBASIN'1 

& X,' BASE, FRAME, COVER, ETC.',T33,'$/CATCHBASIN',T53,rg.2,1 
& X,' SHAFT',T35,'$/M-depth',T53,F9.2,1 
& X,' J.EAD DEPTH INDEX = l',T38,'$/M',T53,F9.2,1 
& X,' DEPTH INDEX = 2',T38,'$/M',T53,F9.~,1 
& X,' DEPTH INDEX = 3',T38,'$/M',T53,F9.2,1 
& X,' DEPTH INDEX = 4',T30,'$/M',T53,F9.2,1 
& X,' DEPTH INDEX = 5',T38,'S/M',T53,F9.2,1 
& X,' DEPTH INDEX = 6',T38,'$/M',T53,F9.2,1 
& X,' DEPTH INDEX = 7',T38,'$/M',T53,F9.2,1 
& X,' DEPTH INDEX = 8',T38,'$/M',T53,F9.2,1 
& X,' DEPTH INDEX = 9',T38,'$/M',T53,F9.2,11 
& X,'MANHOLE'/ 
& X,' RASE, FRAME, COVER, ETC.',T35,'$/MANHOLE',T53,F9.2,1 
& X,' SHAFT',T35,'$/M-depth',T53,F9.2,11) 

WRITE(WUNIT1,63)«I,COSTll(r»,I=1,6) 
63 FORMATe'l WA1ERMAIN @ 2.44 M OF COVER'I, 

& 6(' DIAMETER INDEX ='I2,T38,'$/M'T52,F9.2,/» 
WRITE(WUN1Tl,64)«I,(COST11(J,I),J=1,9»,I=1,5) 

64 FORMAT(IIX,'DOMESTIC SEWER ($/M)',I,T69,'DEPTH INDEX',I, 
& T34'1'144'2'T54'3'T64'4'174'5'T84'6'T94'7'TI04'8' 
& TI14'9'115(T4'DIAMETER INDEX ='I2,T28,F9.2,T38,F9.2,T48,F9.2,T58 
& ,F9.2,T68,F9.2,T78,F9.2,T88,F9.2,T98,F9.2,TI08,P9.2,/» 

WRITE(WUNITl,65)«I,(COSTI3(J,I),J=1,9»,I=1,14) 
65 FORMAT(IIX,'STORM SEWER ($/M)',I,T69,'DEPTH INDEX',I, 

& 134'I'T44'2'T54'3'164'4'174'5'184'6'T94'7'1104'8' 
& Tl14'9'//14(T4'DIAMETER INDEX ='I3,T28,F9.2,T38,F9.2,T48,F9.2,T5~ 
, ,F9.2,T68,F9.2,T78,F9.2,T88,F9.2,T98,F9.2,TI08,F9.2,/») 

RETURN 
END 
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*********************************************************************** 
* * '* SU~ROUT JNE OUTDAT2 '* 
* * * 'I'h;", <:;ubrOI..lt.irt@ OUTPUTS the Subdivisiorl Desi9rt [I.:lt.:!. * 
* * 
*******~~************************************************************** 
-*. * LOCAl. VAP. IABLES 
-*. 
'* L,N - LOOP CONTROL VARIABLES 

* '* 
* 

where: L refer~ to the link number. 
N refers to the node number. 

SUBROUTINf DUTDAT2 

PARAMETER 
& NDrINUM=] 00, L TNNUM= 150, INTtJUM= 1 0 

INTEGER 
& TROAD,TBTRYW,TBTRYD,TBTRYS,WUNITl,RUNITl,RUNIT2,WUNIT2 

REAL 
& LLINK,I.ROAD,LENGTH,MULTI,INTRST 

COMMON 
& 
& 
& 
& 
& 
~ 

& 

& 
& 

IAREA]/NINT,INTRST(INTNUM),LIFE(INTNUM) 
IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 
IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),·LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREAS/WWALKCLINNUM),BARIERCLINNUM),ROLLED(LINNUM),BLVDCLINNUM) 
IAREA6/NWMLNK,WLINKS(LINNUM),NWMGRP,TBTRYW(LINNUM,4) 
IAREA7/NDSLNK,DLINKSCLINNUM),NDSGRP,TBTRYD(LINNUM,4) 
/AREA8/NSSLNK,SLINKS(LINNUM),NSSGRP,TBTRYS(LINNUM~4) 

IAREA9 / IO,L,P(LINNUM),PDS(LINNUM),ASS(LINNUM) 
IAREAIO/APARK,ABUFF 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 

WRITE(WUNITl,161) 
161 FORMAT('lLINK DATA',/X,9('='),1113X,'TYPE 1 = COLLECTOR STREET' 

& ,/8X,'2 = LOCAL STREET',IIX, 
& T35,'FAMTLY UNITS',TS8,'STREET',T84,'CURB & GUTTER LENGTH',/ 
& T26,'LINK',T34,14('-'),TSI,21('-'),T75,'WALK',T83,23(' -'),/X 
& 'LINK NODEI NODE2 LENGTH SINGLE MULTI LENGTH ' 
& 'WIDTH TYPE WIDTH BARRIER ROLLED BLVD',I 
& T2,'(t)',TIO,'(t)',TIC,'(t)',T26,'(M)',T35,'(t)',T44,'(t)', 
& 1'52,'(M)',T61,'(M)',776,'(M)',785,'(M)',T94,'(M)',TI02,'(M)',/) 

WRITE(WUNITl,162)(CL,NODE1(L),NODE2(L),LLINK(L),UNITS(L),HULTI(L), 
& LROAD(L),WROAD(L),TROAD(L),WWALKCL),BARIER(L),ROLLED(L), 
& BLVD(L»,L=l,NLINK) 

162 FORHAT(I4,T9,J4,T17,I4,T24,F7.2,T35,F4.0,T43,F4.0,T50,F7.1, 
& T58,F7.1,T60,12,T75,F4.1,783,F7.1,T92,F7.1,T99,F7.1) 

WRITE(WUNITl,163) 
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163 rORMAT('lNODE OAtA',/X,9('='),1113X, 
& 'TYPE] = CUL DE SAC, DEAD-END, TERMINATION',/8X, 
S '2 = DIRECTIONAL',/BX,'3 = 3-WAY STREET INTERSECTION',/8X, 
I '4 = 4-WAY STREET INTERSECTION',/8X,'5 = OTHER',I//X, 
S ' NOD~ TYPE ELEV',/2X,'(t)',T17,'(M)',/) 

WRITE(WUNITl,164)«N,ABS(NTYPE(N»,ELEV(N»,N=1,NNODE) 
164 fORMAT(X,I4,TIO,I2,T15,F6.2) 

RETURN 

END 
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B.2.28 SUBROUTINE: PARKBUFF 

SUBROUTINE PARKBUFF 

*********************************************************************** 
-).. "" * PARK g BUFFER REQUIREMENTS * 
I>; I>; 

*********************************************************************** 
*-* PCOST - total co~t of park development 
'* BCDST - total cost of butter development 

* *-
'* PARAMETER 

INTEGER 
& 

COMMON 
& 
& 
& 
& 

NDDNUM=IOO,LINNUM=150,INTNUM=lO 

RUNITl,RUNIT2,WUNITl,WUNIT2 

IARfAIO/APARK,ABUFF,PCOST,BCOST 
IAREAI2/COST3,COST4 
IAREA19/iLCOST 
IARFA2]/RUNITl,RUNIT2,WUNITl,WUNIT2 

PCOST=APARK*COST3 
BCOST=ABUFF*COST4 

CALL ASPI, IT (9, peOST) 
CALL ASPLtT(lO,BCOST) 

TLCOST=TLCOST+PCOST+BCOST 
* WRITE(WUNITI,910)APARK,PCOST,ABUFF,BCOST 
qln FORMAi(lOXr'PARK DEVELOPMENT (Ha)',T41,F7.I,T54,F7.0,/, 

& lOX,'BUFFER DEVELOPMENT (Ha)',T41,F7.I,T54,F7.0,/) 
*- WRITE(WUNITJ,920)TLCOST 
920 fORMAT(8GX,'T 0 T A t',T52,F9.0,11) 
*-
*-
* END 
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B.2.29 SUBROUTINE: PAVEMENT 

SUBROUTINR PAVEMENT 

*********************************************************************** * }.; * SUBROUTINE PAVEMENT * 
* * 
**********A***************************************************~******** 
"-
* * * * * * 
"'" * * "-
* 
"* *-

* }.; 

* * 
*' * 
"* * "-
,I; 

* ,~ 

:.It 

*-

* *-

XXXXXX -
ATTLIN ~n array describin9 the links attached to ~ given node. 
ALINK - the area of the road on a link. 
AINTS - ~re~ of intersection. 
CORWD correspondin9 road width of the given link. 
LROAD - len9th of the ro~d on ~ link (calcul~ted). 

CNOUE - current node in the memory. 
PNODF. - IH'p.violJs node l.n th.e mp.mory. 
CL INto( .. CIJr r@nt 1 i. nk i. n the memor y. 
BULB this flag indic~tes the number of bulb curve(s) found. 
DIRECT - a f1a9 indicates the ori9in/rlest nod@ for ~ given link. 
WD - ro~d wjdth ( a value rp.turn from the ADJ routine ). 
LEN - ro~rl len9th ( a v~lue return fr~m the COR/SAC/TUBE routine ). 
ASAC - arp.a of the ro~d ( ~ value r@turn from the COR/SAC/TUBE routine 
TAIGA - tot~l ~r@~ of the pavement. 
TLEN - tot~l Ip.n9th of the p~vement. 
LOCtEN - tot~l len9th of the p~v@m@nt of the local street only. 
COLLEN - tot~l len9th of the p~vement of the collector street only. 
ACOt - tot~l ~r@~ of the pavement of the collector street only. 
ALOC - tot~l area of the p~vement of the loc~l street only. 
T~OAn - type ot road. 
WROAD - ~jdth of the road. 
r: X IT·· .::I f 1 ·3 9 i. rl d i. c .::I t@s the e :-: i t nod e " 
LLINK - length of the link. 
tSCOST - cost for the local street. 
CSCOST - rost tor the collector street. 
~CURD - 1'.::Id i IJS of the cur b. 
I,N,J - loop counter. 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=IO 

INTEGER 
& RUNITl,RUNIT2,WUNITl,WUNIT2,CNODE,CLINK, 
& BULB,ATTLIN,TROAD,PNODE,EXIT,LINK(3) 

REAL 
& LLINK,LROAD,LOCLEN,LEN,LSCOST 

COMMON 
& 
& 
& 
& 
& 

/ARFA2/NNODE,NTYPECNODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
RCURB 
/ARFA3/NT.INK,NODEI(LINNUM),NODE2CLINNUM),LLINKCLINNUM), 
UNITS(LINNUM),MULTt(LINNUM),AREACLINNUM) 
/ARFA4/LROADCLINNU~),WROAD(LINNUM),TROADCLINNUM) 



*
*
*-

& IAREA13/COST5,COSTG 
& IAREA19/TLCOST 
& IAREA21/RUNJT1,RUNIT2,WUNITl,WUNIT2 
& IAREA26/CORWDCLINNUM,2),AINTSCNODNUM),ALINKCLINNUM) 
& ,PUCOSTCLINNUM),ACOL,ALOC,COLLEN,LOCLEN 
& IAREA27/ATTLINCNODNUM,4),EXITCNODNUM) 
& IAREA3l/TLEN,TAREA,RDPINTCLINNUM) 

*. definE' pi 

*. 

'* 
"" 

PI=ACOS(-l.O) 

* cle~r thE' countE'r ~nd total to zero 

* *. 

'* 

TAREA=O.O 
TLEN=O.O 
LOCLEN=O.O 
COLLEN=O.O 
ACOL=O.O 
ALOC=O.O 

* determine the corresponding road width for every link 
DOlO 1 1= 1 , N L I m~ 

* nRIGIN NODE 
CNODE=NODEl(I) 

* 11] 

101 

'* *. 
*. 

IF e NTYPEeCNODE).EQ.3 .OR. NTYPEeCNODE).EQ.4) THEN 
CALL ADJ(CNODE,I,WD) 
CORWtt(I,l)=WD 

ELSE 
CORWD(I,l)=O.O 

ENDIF 
trF.STJNATJON NODE 

CNODE=NO[IE2 ( I) 
IF ( NTYPE(CNODF.).F.G.3 .OR. NTYPE(CNODE).EG.4 ) THEN 

CALL ADJeCNODE,I,WD) 
CORWnCI,2)=WD 

ELSE 

ENDIF 
CONTINUE 

CORWD(I,2)=O.O 

*- DECISION MAKER 
DO 121 I=l,NLIN.{ 

*. define the ori9in node (Nl) and dest. node (N2) 
Nl=NODEl(I) 
N2=NO[IE2 ( I) 

*- EASEMENT 
IF ( WROADCJ).F.Q.O.O) GOTO 121 

* DEAD END/CUt DE SAC/TUBE SAC 
IF ( NTYPE(Nl).F.Q.l .OR. NTYPE(N2).EG.l THEN 

IF ( NTYPE(Nl).EG.l) THEN 



PROGRAM LISTING P~ge B-131 

CNODE=N2 
PNODE=Nl 

ELSE 
CNODE=Nl 
PNODE=N2 

ENDIF 
IF (NTYPE(CNODE).EG.2) tHEN 

IF ( RADIUS(PNOOE).NE.O.O) THEN 
~ALL SAC(PNOnE,J,ASAC,LEN) 
ALINK( I)=ASAC 
LROA[I ( I) =LEN 
RDPINT(I)=LROAD(I) 

ELSE 
AL INK ( I) =LI. IN~« I) ~WROAD ( I) 
LROADCI)=LLINKCI) 
RDPINTCI)=LROAD(I) 

ENDIF 
ELSE 

* TUBE SAC 

ENDIF. 

IF ( RADIUS(PNODE).NR.O.O) THEN 
CALL TUDECPNODE,I,ASAC,LEN) 
At Im{ ( I) =ASAC 
LROADCI)=LEN 
RDPINT(I)=LROAD(I) 

ELSE 
TV=LLINK(I)-(CORWD(I,l)+CORWD(I,2»/2.0 
LROADCI)=TV 
ALINK(I)=TV*WROAD(I) 
RDPtNTCI)=LROAD(I) 

ENDIF 
ENDIF 

~ STRAJGHT ROAD/STREET AND BULB CURVE 
* <;~t thp bulb curve fl.39 to zero 

BULB=() 
IF ( NTYPE(Nl).EQ.2.AND.NTYPE(N2).EQ.2 ) THEN 

IF ( RADIUS(Nl).NE.O.O) THEN 
~ RULB CURVE AT Nl 

CNODE=Nl 
BULB=l 

ENDIF 
IF C RADIUSCN2).NE.O.O THEN 

* BULB CURVE AT N2 

ENDIF 

CNODE=N2 
BULB=BULB+l 

ENDIF 
IF ( BULB.NF..O) THEN 

CALL COR(CNODE,t,BULB,ASAC,LEN) 
ALINK(I)=ASAC 
LROAD(I)=LEN 
RDPINT(I)=LROAD(I) 

ELSE 
ALINKCI)=LLTNK(I)*WROAD(I) 
LROADCI)=LLINKCI) 
RDPINT(I)=LROADCI) 

ENDIF ) 



* STREET INTERSECTION/DIRECTIONAL NODE * set thp bulb curvp flag to zero 
FlULB=O 
IF ( NTYPF.(NJ) .F.O.2 .OR. NT'fPE(N2) .ECL2 THEN 

ENDIF 

IF ( NT'fP~(Nl).EO.2) THEN 
PNODE=Nl 
CNODE=N2 

ELSE 
PNODE=N2 
CNODE=Nl 

ENDIF 
IF ( NTYPE(CNODE).EO.3 .OR. NTYPE(CNODE).EO.4) THEN 

IF ( RADTU5(PNODE).NE.0.0) THEN 
BULB=l 
CALL COR(PNODF.,r,~ULB,ASAC,LEN) 

EXTRA=(CORWD(t,1)+CORWD(I,2»/2.0 
ALINK(I)=ASAC-WROAD(I)*EXTRA 
LROAD(I)=LEN-EXTRA 
RDPINT(I)=I.ROAD(I) 

ELSE 
TV=LLINK(T)-(CORWD(I,1)+CORWD(I,2»/2.0 
ALINK(I)=TV*WROAD(I) 
LROAD(I)=TV 
RDPINT(I)=LROAD(I) 

ENDIF 
ENDIF 

* INTERSF.CTION/INTERSECTION 

121 

'* * * 

IF ( NTYPF.(Nl).F.G.3.0R.NTYPE(Nl).EO.4 .AND. NTYPE(N2).EO.3 
& .OR.NTYPt(N2).EO.4) THEN 

ENDIF 

LROAD( I)=I..I.IN~{( I)-(CORWD( 1,1 )+CORWD( 1,2) )/2.0 
ALINK(t)=tROAD(I'*WROAD(I) 
R D PIN T ( I ) = L R 0 Art ( I ) 

r.ONTINUE 

* determine the ~re~ for every intersection * ~nd di~tribute the calculated ~rea to the collector * street ~nd major local street * define the area in front of the side-walk curve 
CURVE=RCURS**2.0*(1.0-0.25*PI) 

DO 131 N=l,NNODE 
IF ( NTYPF.(N).F.G.3 .OR. NTYPF.(N).EO.4) THEN 

IF ( NTYPE(N).EG.3) THEN 
A=2.0 

ELSE 
A=4.0 

ENDIF 
CALL DMAKER (N,2,LINK) 
CL Im{=L IN~{ ( 1 ) 
IF ( EXIT(N).F.G.1) THEN 

AINTS(N)=(WROAD(CLINK>**2.0)/2.0+2.0*CURVE 
ALINK(CLINK)=ALINK(CLINK)+AINTS(N) 
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135 

131 
A 

* A 

RDPINTCCLINK)=RDPINT(CLINK)+O.5*CORWD(CLINK,DIRECT) 
ELSE 

IF ( NODE](CLINK).FQ.N) THEN 
DIRECT=l 

ELSE 
DIRECT=2 

ENDIF 
~INTS(N)=WROAD(CLrNK)*CORWD(CLINK,DIRECT)+A*CURVE 

DO 135 J=1,2 
ALINKCLINKCJ»=ALINKCLINKCJ»+AINTS(N)/2.0 
RDPINT(LINK(J»=RDPINT(LINK(J»+O.5ACORWDCCLINK,DIRECT) 

CONTINUE 
ENDIF 

EN[' IF 
CONTINUE 

A ADD UP THE AREA/LENGTH FOR THE COLLECTOR/LOCAL STREET 
DO 141 I=1,NLINK 

IF C TROAn(J).FO.l) THEN 
ACOL=ACOL+ALINK(I) 
COLLEN=COLLEN+LROAD(I) 
PVCOSTCI)=ALINK(I)*COST5 

ELSE 
ALOC=Al.OCiAI.INK(I) 
LOCLEN=LOCLEN+LROADCI) 
PVCOST ( I) =AI. IN~{ ( I) *COST6 

ENDIF 
141 CONTINUE 
-A: 

,\; 

,\; 

* .3dd I.lp t.hE' tat..3] ·3re·3 .3nd lengt,/1 in the sub-division 
TAREA=ACOL+ALOC 

* A 
A 

TLEN=COLLRN+LOCLEN 

A c~lcul~tp. the costs 
CSCOST=ACOL*COSTS 
LSCOST=ALOCACOSTG 
TLCOST=TLCOST+CSCOST+LSCOST 

* A 
* OUTPUT THE RESULT (SPECIAL 
A ROAD AND AREA 

WRITE (Oa8,840) 
WRITE (088,850) 
WRITE (088,8GO) TLEN,TAREA 
WRITE (088,865) COLLEN,ACOL,LOCLEN,ALOC 
WRITE (088,810) 

DO 365 I=l,NLINK 
WRITE (088,880) I,ALINK(I),LROAD(I) 

365 CONTINUE 



366 

966 
800 
805 
810 
820 
830 
840 
850 
860 

870 
880 
865 

flO 366 I= 1, NL INt{ 
WRITE (088,966) I,CORWfI(I,1),CORWfI(I,2) 

II, , 

II, 1 

RETURN 
END 

CONTINUE 

FORMAT(lX,'CORWfI :/I3,2(3X,F9.3» 
FORMAT (' ',' I N T E R SEC T ION S 1 ) 

FORMAT (' ',' -------------------------') 
FORMAT (1111,' Three ways :',2X,I3,1,' Four ways :',2X,I3) 
paR MAT (/111,' NODE',20X,' AREA') 
FORMAT (' ',I3,18X,Fll.3) 
FORMAT (1111,' R 0 A DAN DAR E A') 
FORMAT. (' ,,'-------------------------') 
FORMAT (1111,' TOTAL road length :',2X,Fll.3, 

TOTAt p~vp.mp.nt :',2X,Fll.3) 
FORMAT (1111,' LINK',2lX,' AREA',23X,' LENGTH') 
FORMAT (' " 13,2(19X,Fl1.3» 
~ORMAT (II,' COLLECTOR ST. LENGTH :',2X,Fll.3,3X,'AREA :',2X,Fll 

LOCAL ST. LENGTH :',2X,Fll.3,3X,'AREA :',2X,Fll.3) 
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B.2.30 SUBROUTINE: SIDEWALK 

SUBROUTINE SIDEWALK 

*********************************************************************** 
* * * SIDEWALK REQUIREMENT * 
* * *********************************************************************** 
* * 
* * SRCOS! - tot~l cost at the sidew~lk requirement per link 
*- WKCOST - tot~l co~t at sidew~lk * BRCOST - tot~l cost at b~rrier curb & gutter * RLCOST - tot~l co~t of roll~d curb & gutter 
* BLeOST - tDt~1 cost at blvd curb & gutter * LWALK - l~ngth of the sidew~lk (m) 
*- WWALK - width of the sidew~lk (m) 
*- BARtER - lerlgth of b.'3rrier clJrb & glJtter (m) * ROLL~n - length at rolled curb & gutter (m) 
*- BLVD .. length of blvd curb & gutter (m) * WIDTH . min. width of the sidew~lk * ASIDE - ~r~~ of sidew~lk p~r link (sq. m) * TWK - tot~] ~re~ of ~jdew~lk (~q. m) 
*- TBR - tot~l length of b~rrt~r curb & gutter (m) 
*- TRL - tDt~1 length at rolled curb & gutter (m) 
*- Tnt - tot ;;11 \I;L'ri 9 tho fbI v.j c IJ r b & glJ t t e r (m) * TROAD - type ot rD~d 

PARAMETER NODNUM=100,LINNUM=150,INTNUM=lO 

INTEGER 
& 

REAL 
& 

COMMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 

WUNTT],~UNJT2,RUNITl,RUNIT2,ERRFLG 

U/ALK, W TIlTH (2) 

IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLIN~{(LINNUM>, 

UNITS(LINNUM),MULTt(LINNUM),AREA(LINNUM) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUH) . 
IAREAS/LWALK(LINNUM),WWALK(LINNUM),BARIER(LINNUM),ROLLED(LINNUM) 
,BLVD(LINNUH) 
IAREA14/COST7,COST8,COST9,COSTIO 
IAREA19/TLCOST 
IAREA20/ERRFLG 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA37/SRCOST(LINNUM),FRONT(LINNUM),ASCHOL,AMULT,ACOM,AOTHER, 
ASUB,ASIDE(LINNUM),ASING,TSING,TMULT,APAVE,AWAL~( 

IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,TSIGN,CSIGN,MNHOL~ 
MHCOST,NBASIN,CBCOST,NTRAFF,TRACOS,TWK,TBR,TRL,TBL, 
WKCOST,BRCOST,RLCOST,BLCOST 



* 
*-

& IAREA45/WKCOSLCLINNUM),BRCOSL(LINNUM),RLCOSLCLINNUM) 
& ,BLCOSLCLINNUM) 

* if the length of the sid@walk is equal to zero, then the street * will h~v@ no sidewalk 
A if thp width of the sidewalk is equal to zero, then use the min. 
Ie. value for the width of the sidewalk. 
Ie. * initjali~p thp min. width of the sidewalk 

lJIDTHCl )=1.5 
WIDTH(2)=1.2 

A 
A set total length to zero 

TW.~=O. 0 

:4: 

*
*-

TBR=O.O 
TRL=O.O 
TBL=O.O 

DO 100 L=J,NLINK 

*- set the total CDst of the sidewalk requirement per link to zero 
SRCOST C L> =0.0 

Ie. 
100 
Ie. 
*. 
*. 

IF C WWALKCL).EQ.O) THEN 
ASIDECL)=LWALKCL)*.WIDTH(TROADCL» 

ELSE 
ASIDECL)=LWALKCL)*.WWALKCL) 

ENDIF 

nH( = !lam + A S J [I F. ( L ) 
TBR=TBR+BARIERCL) 
TRL=TRL+RDLLE[lCL) 
TBL=TBL+BLV[lCL) 
WKCOSLCL)=ASIDECL)*.COST7 
BRCOSL(L)=BARIER(L)*.COSTB 
RLCDSLCL)=ROLLE[lCL)ACOST9 
BLCOSLCL)=BLV[lCL)*.COSTlO 
SRCOSI(L)=ASIDE(L)*.COSI7+BARIERCL)*.CDSIB+ROLLEDCL)*.COSI9+ 

BLVDCL)*.COSTIO 

CONTINUE 

WKCOST=TWK*COST7 
BRCOST=TBR*COSTB 
RLCOST=IRL*COST9 
BLCOST.=TBL*COSTIO 

CALL ASPLITC5,WKCOST) 
CALL ASPLIT(6,BRCOST) 
CALL ASPLIT(7,RLCOST) 
CALL ASPLITCB,BLCOST) 
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TLCOST=T.LCOST+WKCOST+BRCOST+RLCOST+BLCOST 

, WRITR(WUNITl,200)TWK,WKCOST,TBR,BRCOST 
200 FORMAT(lOX,'SIDEWALK (SQ.M)',T40,F7.0,T54,F7.0,1, 

& lOX, , Ft A R R r R R C 1I R B & G U 1.T E R (M)', T 4 0 , F 7 • 0 , T 5 4 , F 7 . 0 ) * WRTTE(WUNIT1,210)TRL,RLCOST,TBL,BLCOST 
210 FORMAT(lOX,'ROLLED CURB & GUTTER (M)',To10,F7.0,T54,F7.0,1, 

& lOX,'BLVD CURB & GUTTER (M)',T40,F7.0,T54,F7.0,/) 
END 



B.2.3l SUBROUTINE: SIGN 

SUBROUTTNF SIGN 

********~*~*~********************************************************** 
* * * STREET/TRAFFIC SIGNS REQUIREHENT ~ 

* *-
*********************************************************************** 
* * * 
*. 

* * * *. 

*' :* 
*. 

* *. 
*. 

* 
* 
* 

NSTR 
NSTOP 
NYELD 
NcaL 
NLOC 
CT.. TN~~ 
TYEL.n 
TSTOP 

total number of street si9n in the sub-division 
- number of STOP si9n per node 
- number of YJELD si9n per node 
- number of collector streets associate with the intersection 
- number of loc~l streets associate with the intersection 

t'l.Irrer,t 1 i.nk i.r, the memory 
- totaJ number of YIELD si9n in the sub-division 
- tot~l numb@r of STOP si9n in the sub-division 

PARAMETER 
& NO[lNUM= J 00 r I. INNUM= 150, INTNUM= 10 

INTEGER 
& RUNITJ ,RUNTT2,WUNJTl,WUNIT2,CLINK,TYELD,TSTOP,TROAD,ATTLTN 
& ,LIN~«3) 

COMMON 
<1 
(J 

& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 

/ARFA~/NNonE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
RCURB 
IARBA3/NI. IN.<, NODEl (L INNUM) , NODE2 (L INNUM) , LL INK (L INNUM) , 
UNITS(LINNUH),MULTI(LINNUM),AREA(LINNUM) 
IAREA4/LROADCLINNUM),WROAD(LINNUH),TROAD(LINNUM) 
IAREAII/COSTl,COST2 
IAREAJ2/COST3,COST4 
IAREA13/COST5,COST6 
/ARFA19/TLCOST 
IARFA?1/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA2S/SPAHAN,SPALIT,SPACAT,FRATIO 
IAREA26/CORWD(LINNUH,2),AINTS(NODNUM),ALINK(LINNUH) 
IAREA27/ATTLINCNODNUH,4),EXITCNODNUH) 
IAREA28/STRLEN(NODNUH,NODNUH,4),PATH(NODNUM,4,NODNUM) 
IAREA38/NYELD(NODNUH),NSTOP(NODNUM),TYELD,TSTOP,NSIGN(LINNUM)~ 
LYELD(LINNUH),LSTOP(LINNUH),SGCOST(LINNUH),YDCOST(LINNUM), 
STCOST(LINNUM) 
IAREA43/SSCOST,DSCOST,WMCOST,NLIGHT,LTCOST,NSTR,SNCOST,MNHOLE, 
HHCOST,N9ASIN,C9COST,NTRAFF,TFCOST,TWK,T9R,TRL,TBL, 
WKCOST,BRCOST,RLCOST,9LCOST 

*. set the total to zero 



*. 

NSTR=O . 
TYELD=O 
TSTOP=O 
YCOST=O.O 
SCOST=O.O 

*. set th~ tr~ffic 5isns per node to zero 
DO 90 I=I,NNODE 

NSTOP(I)=O 
NYELD(I)=O 

90 CONTINUE 
*. 
*. one street sisn per intersection 
*. 

.. "::IIjlll:' ........ .., J 

*. when ]o~~]/local streets cross each other, no tr~ffic signs require 
*. 
*. THREE WAYS : 
*. when loc31/colle~tor streets cross each other, 1 YEILD sisn requires 
*. wh~n collector/coll~ctor ~treets cross each other, 1 STOP si~n requires 
*. 
*. FOUR WAYS: 
*. when local/collector streets cross each other, 2 YEILD sisns require 
*. when collector/collector streets cross each other, 2 STOP sisns req'Jire 
*. 

DO 100 I=I,NNODE 
IF C NTYPE(I).ED.3 .OR. NTYPECI).EQ.4 THEN 

NSTR=NSTR+l 
CALL DMAKER CI,I,LINK) 
NSIGN(LINKCI»=NSIGNCLINKCl»+1 
SGCOST(LINK(I»=SGCOSTCLINKCl»+COSTl 

*. set the collector/local street counter to zero 
NCOL=O 

.* 

110 
*. 

NLOC=O 

[10 110 J=I,4 
CLINK=ATTLIN(I,J) 
IF C CLINK.HD.O .OR. WROA[lCCLINK).EG.O.O 
IF ( TROAD(CLINK).ED.l) THEN 

collector street 
NCOL=NCOL+l 

ELSE 
loc ... l street 

NLOC=NLOC+I 
ENDIF 

CONTINUE 

IF ( NCOL.GB. 2) THEN 
*. local ~tre.ts cross collector streets 

IF ( NCOL.BO.2 .AND. NLOC.LE.2 THEN 
NYELDCI)=NTYPECI)-2 
CALL DMAKER2CI,NYELDCI),1,0,LINK) 
DO 1~0 J=I,NYELDCI) 

LYELDCLINK(J»=LYELD(LINK(J»+l 
YDCOST(LINK(J»=YDCOSTCLINK(J»+COSTI 
YCOST=YCOST+COSTI 

120 CONTINUE 
ENDIF 

GOTO 11.0 



YKUUKAn Ll~Jl"U 

* col1~ct~r ~treet~ r.ro~~ r.~llector streets 
IF ( NCOL.GF.3 .• AND. NLOC.EG.O THEN 

NSTOPCI)=NTYPECI)-2 . 
CALL DMAKFR~CI,NSTOPCI),O,l,LINK) 

DO 130 J=I,NSTOPCI) 
LSTOP(LINK(J»=LSTOPCLINK(J»+l 
STCOSTCLINKCJ»=STCOSTCLINKCJ»+COSTI 
SCOST=SCOST+COSTI 

130 CONTINUE 
ENDIF * uneven crossing with 3 collector streets 
IF C NCOL.EG.3 •• AND. NLOC.NE.O) THEN 

NSTOPCI)=2 
CALL DMAKER2(I,NSTOP(I),1,1,LINK) 
DO 140 J=I,NSTOP(I) 

LSTOP(LINKCJ»=LSTOPCLINKCJ»+l 
STCOSTCLINKCJ»=STCOST(LINK(J»+COSTI 
SCOST=SCOST+COSTI 

140 CONTINUE 
ENDIF 

ELSE 
* uneven ~rossing with 1 collector street 

IF C CNLOC+NCOL).GE.3 .AND. NCOL.NE.O THEN 
NYELDCI)=NTYPE(I)-2 
CALL DMAKER2(1,NYELD(I),1,O,LINK) 
DO 150 J=I,NYELD(I) 

LYELD(LINKeJ»=LYELDCLINK(J»+1 
YDCOST(LINK(J»=YDCOST~LINK(J»+COSrl 
YCOST=YCOST+COSTI 

150 CONTINUE 

100 

* * 
* 

ENDIF 
ENDIF 

ENDIF 
CONTINUE 

* ~dd up the totaJ of the tr~ffic signs required 
DO 160 I=I,NNODE 

TYELD=TYELD+NYELDCI) 
TSTOP=TSTOP+NSTOPCI) 

160 CONTINUE 

* TFCOST=YCOST+SCOST 
NTRAFF=TYELD+TSTOP 

SNCOST=NSTR*COSTI 

CALL ASPL1TC14,SNCOST) 
CALL ASPLIT(lS,TFCOST) 
TLCOST=TLCOST+SNCOST+TFCOST 

* W~ITE(WUNITl,710)NSTR,SNCOST * WRITECWUNITl,720)TSTOP,YCOST * WRITE(WUNtTl,730)TYELD,SCOST 

* * 



PROGRAM LISTING 

:4-
710 
720 
710 

FORMAT(lOX,'STREET SIGNS (t)',T40,I6,T54,F7.0) 
FORMAT(lOX,'STOP SIGNS (t)',T40,I6,T54,F7.0) 
FORMAT(lOX,'YEILD SIGNS (t)',T40,I6,T54,F7.0,/) 

~ OUl'PUT l'HE RESULT (SPECIAL) 

180 

200 
210 
220 
230 
235 
250 
240 

WRITE 
WRITE 
WRITE 
WRIl'E 
WRITE 
WRITE 

DO 180 

RETURN 
END 

(088,230) 
(088,235) 
(088,200) NSTR 
(088,210) TYELD 
(088,2'20) TSTOP 
(088,250) 

I=l,NNODE 

IF ( NTYPE(I).ED.3 .OR. NTYPF(I).FD.4) THEN 
WRITE (OOO,?40) r,NYELD(I),NSTOP(I) 

ENDIF 

CONTINUE 

FORMAT 
FORMAT 
FORMAT 
FORMAl' 
FORMAT 
FORMAT 
FORMAT 

(11/,' NUMBER OF STREET SIGN --)',3X,I3) 
(/,' NUMBER OF YEltD SIGN --)',3X,I3) 
(I,' NUMBER OF STOP SIGN --)',3X,I3,1/1) 
('I',' S I G N') 
(' -------') 
(' ','NODE',20X,'YEILD',20X,'STOP',/) 
(' ',lX, I3,22X, 13,20X, 13) 

P:~'3e B-141 



B.2.32 SUBROUTINE: STORM 

SUBROUTINE STORM(SSCOST) 

*********~A************************************************************ * *-SUBROUTINE STORM 

This 5ubroutine d~sign5 the STORM SEWER system. For e~ch link, 
the subroutine: (1) estim~tes the gener~ted storm sewer flow, 
(2) c~lcul~tes the slope and the pipe size required to c~rry 
the estim~ted sewer flow, (3) selects a standard sized storm 
sewer pipe based on the calcul~ted diameter, (4) verifies the 
maximum and minimum al10w~ble water velocites, (5) adjusts the 
pipe slope and/or the pipe size to meet the tolerances set by 
the maximum and minimum ~llowable water velocites, and (6) 
c~lcul~t~5 the ~ver~ge depth of ground cover over the storm 
sewer. 

* *
*********************************************************************** 
* *. 

* * *-
:1<. 

SSDPTH 
SSCOST 
TSARF.A 
SSLOPE 

- MINIMUM DEPTH OF STORM SEWER (M) 
- TOTAL COST OF STORM SEWER (M) 
- TOTAL DRAINAGE AREA OF EACH DESTINATION LINK (HA) 
- SLOPE OF STORM SEWER FORM ORIGIN NODE TO DESTINATION 

NOrtE * SSEl.EV - ELF-VAT ION OF STORM SEWER PIPE (M) 
*-
* *-
*-
:1<. 

* 
* *. 

A2 - TOTAL DRAINAGE AREA OF EACH LINK (HECTARES) 
OSS - TOTAL GENERATED STORM SEWER FLOW (CMS) 
[I - CALCULATED DIAMETER OF PIPE (M) 
D3 - RF.OUIRr.D DIAMETER OF STORM SEWER eM) 
DTASS - DIAMETER OF STORM SEWER (mm) 
INflX3 - nIAMETF.R INDEX FOR STORM SEWER (1 - 14) 
DINDX3 - DEPTH INDEX FOR STORM SEWER (1 - 9) 

PARAMETER NODNUM=100,LINNUM=150,INTNUM=10 
INTEGER DINDX3,TBTRYS,WUNITI,WUNIT2,RUNIl1,RUNIT2,CONST,ERRFLG 
REAL LL IN~( 
COMMON 

& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 

IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 
IAREA3/NLINK,NODEI(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA8/NSSLN~{,SLINKS(LINNUM),NSSGRP,TBTRYS(LINNUM,4) 

IAREA9/IO,L,P(LINNUM),PDS(LINNUM),ASS(LINNUM) 
IAREAlS/COSTll(6),COST12C9,S),COST13(9,14),COST14,COST15,COS!16, 
COSTl7,COSTl8(9) 
IAREAI8/RK4(2),DSELEVCNODNUM),SSELEVCNODNUM),DIAWM(LINNUM), 
DIADS(LINNUM),DIASS(LINNUM),CWM(LINNUM),CDS(LINNUM),CSS(LINNUM) 
IAREA19/TLCOST 
IAREA20/ERRFLG 
IAREA21/RUNIT1,RUNIT2,WUNITI,WUNIT2 
IAREA22/PEOPLE,WVMIN,FRICTN,USE,FLOAD 
IAREA24/SSCOVR,SSVMIN,SSVMAX 

SSCOST=O.O 
WRITE(WUNITI,230)SSVMIN,SSVMAX,SSCOVR 

230 FORMAT('lSTORM SEWER',/X,llC'='),//, 
& 3X,'MINIMUM ACCEPTABLE PIPE VELOCITY (MIS) = ',F7.3,1 



PROGRAM LISTING 

231 

& 
\ 
S 
& 
& 
S 
t 
S 
S 

DO 239 

3X,'MAXIMUM ACCEPTABLE PIPE VELOCITY (MIS) = ',F7.3,11, 
3X,'MINIMUM DEPTH OF GROUND COVER OVER PIPE (M) = ',F7.3, 
IIT83'DEPTH OF EXCAVATION',I,TI0,'TRIBUTARY',T36, 
'GROUND',T46,'CALCULATED',T72,'PIPE',T83,'------------------
,TI07'AVERAGE'I' LIN~('T9'POPULATION FLOW RATE SLOPE' 
T47'DIAMFTER'T59'VELOCITY'T72'SLOPE'T84'NODE1'T96'NODE2'TI08 
'DEPTH'TI19, 'LINK' I,' (t)' ,TI2,' (HA)' ,T24,' (CMS) 'T36' (M/M)', 
T49'(M)'T60,'(M/S)',T72,'(M/M)',T85,'(M)',T97,'(M)',TI09,'(M)', 
T119,' (t)' ,I) 

I=l,NSSGRP 
TSAREA=O.O 
DO 238 l=1,3 

CONST=TBTRYS(I,l) 
IF(CONST.LE.O) THEN 

GOTO 238 
ENDIF 
TOLINK=O.O 
DO 231 K=I,NSSGRP 

IF(CONST.EQ.T~TRYS(K,4») THEN 
TOLIN.{=1.0 

ENDIF 
CONTINUE 

A2=AREA(CONST)+ASS(CONST) 
TSAREA=TSAREA+A2 

CALCULATE THE GENERATED STORM SEWER FLOW 
USING AN EQUATION DEVELOPED FROM DATA 
OBTAINED FROM The City ot Regina. 

QSS=(0.62*(A2/0.4047)**0.75)*(0.3048**3) 
El=ELEV(NODEl(CONST» 
E2=ELEV(NODE2(CONST» 
GSLOPE=(EI-E2)/LLINK(CONST) 
IF(GSLOPE.LE.O) THEN 

SLOPE=0.000169 
ELSE 

SLOPE=GSLOPE 
ENDIF 
SSLOPE=SLOPE 
D=(3.208*OSS*FRICTN/SORT(SSLOPE»**0.375 
DD=D 

CHOOSE A PIPE DIAMETER LARGER THAN THE 
CALCULATED DIAMETER 

TF(DD.LT.0.300) THEN 
D3=0.300 
INDX3=1 

ELSEIF (OO.LT.0.375) THEN 
D3=0.375 
INDX3=2 

ELSEIF <DD.LT.0.450) THEN 
D3=0.450 
INDX3=3 

ELSEIF <DD.LT.0.525) THEN 
D3=0.525 
INDX3=4 



PROGRAM 

234 

235 

LISTING 

8 

& 
& 

ELSE tr CnD.LT.0.600) 
D3=0.600 
INDX3=5 

ELSEIF CDfl.LT.0.750) 
D3=0.750 
INDX3=G 

ELSEtf COD.LT.0.900) 
D3=0.900 
INDX3=7 

ELSEIF CDD.I.T.1.050) 
r13= 1.050 
INIIX3=8 

ELSEIF COO.LT.1.200) 
D3=1.200 
INDX3=9 

ELSEIF CDD.I.T.1.350) 
D3=1.350 
INDX3=10 

ELSEtF (DD.LT.1.500) 
D3=1.500 
INDX3=ll 

ELSEIF CIlD.LI.l.650) 
I13= 1.650 
INDX3=12 

ELSE 
D3=1.800 
INDX3=13 

ENDIF 
DIASS(CONST)=D3 

t' .3'3e t'-~"t"'t 

THEN 

THEN 

THEN 

THEN 

THEN 

THEN 

THEN 

THEN 

CALL DIAMTRCDIASS(CONST),aSS,SSLOPE,FRICTN,SSVHIN 
,SSVMAX,VEL) 

IF«VEL.GT.SSVMAX).AND.(D3.LT.l.800» THEN 
D1'=D3 
SSLOPE=SLOPE 
GO'1'O 23::1 

ENDIF 
SSDP'1'H=SSCOVR+DIASSCCONST)+O.lOO 
SSEl=ELEVCNDDElCCONST»-SSDPTH 
IF(TOLINK.GT.0.5) THEN 

GOTO 235 
ENDIF 

SSE2=SSEI-LLINK(CONST)~SSLOPE 
IF(SSELEV(NODE2(CONST».GT.SSE2) THEN 

SSELEV(NODE2CCONST»=SSE2 
ENDIF 
CALL DEPTH (ELEV(NODE1(CONST»,ELEV(NODE2CCONST», 

SSEl,SSE2, 
DPTHl,DPTH2,ADPTH,DINDX3) 

IF«DPTH2*1.001).LT.SSDPTH) THEN 

ENII IF 
GOTO 236 

SSEl=SSEl-SSDPTH+DPTH2 
GOTO 234 

TF(SSELEV(NODEl(CONST».GT.SSEl) THEN 
SSELEV(NODEl(CONST»=SSEl 

ENDIF 
SSE2=SSELEV(NODE1(CONST»-LLINK(CONST)*SSLOPE 
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& 

& 

IF(SSELEV(NODE2(CONST».GT.SSE2) THEN 
SSELEV(NODF.2(CONST»=SSE2 

ENDIF 
CALL DEPTH (ELEV(NODEI(CONST»,ELEV(NODE2(CONST», 

SSELEV(NODEl(CONST»,SSE2, 
DPTHl,DPTH2,ADPTH,DINDX3) 

IF«DPTH2Al.OOl).LT.SSDPTH) THEN 

ENDIF 

SSELEV(NODEl(CONST»=SSELEV(NODEI(CONST»
SSDPTH+DPTH2 

GOTO 235 

236 CSS(CONST)=COST13(DINDX3,INDX3) 
SSCOST=SSCOST+CSS(CONST)*LLINK(CONST) 
DIASS(CONST)=DIASS(CONST)*lOOO.O 
WRITE(WUNITl,237)CONST,A2,aSS,GSLOPE,D,VEL,SSLOPE,DPTHI, 

* * 

& DPTH2,ADPTH,CONST 

* s~ve th@ d~pth of exc~v~tio~ 

CALL SSSDPTH(CONST,DPTHl,DPTH2) 

237 FORMAT(I4,3X,FIO.5,8(2X,FIO.5)4X,I4) 
238 CONTINUE 

ASS(TBTRYS(I,4»=ASS(TBTRYS(I,4»+TSAREA 
239 CONTINUE 

TLCOST=TLCOST+SSCOST 
CALL ASPLIT(3,SSCOST) 
RETURN 
END 

) 



B.2.33 SUBROUTINE: UTILITY 

SUBROUTINE UTILITY 
**********~****************************************************~***~*** 
* * * UTILITY REQUIREMENT * * (i.e. tel~phone, ~as, and power) * 
* * *********************************************************************** 

* * .Jc. 
* .Jc. 

* * *. 

THULTI - total 
TSNGt.E - tot.31 
THCOST - t.ot.'31 
TSCOST -- tota 1 

number of multifamily units 
numb~r of sin~le units 
~ost of utilities for multifamily units 
~ost of utiliti~s tor sin~le units 

PARAMETER 
& NOIlNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER 
& WUNITl,WUNTT2,RUNITl,RUNIT2,ERRFLG 

REAL 
& MULT I 

COMMON 
& 
& 
& 
& 
& 
& 
& 
& 
& 

IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITSCLINNUM),MULTT(LINNUM),AREA(LINNUM) 
IAREAJ6/COST19,COST20,COSI21,COST22,COST23,COST24 
IAREA19/TLCOST 
IARRA2]/RUNIT1,RUNIT2,WUNITl,WUNIT2 
IAREA37/SRCOSTCLINNUM),FRONT(LINNUM),ASCHOL,AMULT,ACOM,AOTHER, 
ASUR,ASIDECLINNUM),ASING,TSNGLE,TMULTI,APAVE,AWALK 
IAREA44/PWSING(LINNUM),PWMULT(LINNUM),GSSING(LINNUM) 
,GSMULT(LINNUM),PHSING(LINNUM),PHMULT(LINNUM),UTCOST(LINNUM) 

TMULTI=O.O 
TSNGLE=O.O 

DO 720 L= 1 r NI. Im( 
THULTI=TMULTJ+MULTI(L) 
TSNGLE=TSNGLE+UNITS(L) 
PWSING(L)=UNITS(L)*COST19 
GSSING(L)=UNITS(L)*COST21 
PHSING(L)=UNITS(L>.Jc.COST23 
PWMULT(L)=HULTI(L).Jc.COST20 
GSHULT(L)=MULTI(L)*COST22 
PHMULT(L)=HULTI(L>*COST24 
UTCOST(L)=PWSING(L)+GSSING(L)+PHSING(L)+ 

, PWMULT(L)+GSHULT(L)+PHMULT(L) 
120 CONTINUE 

* 

* 

TMCOST=IMULTT*(COST20+COST22+COST24) 
TSCOST=TSNGLE*(COST19+COST21+COSI23) 
TLCOST=TLCOST+TMCOST+TSCOST 
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* WRITE(WUN1Tl,730)TSNGLF.,TSCOST,TMULTI,TMCOST 
730 fORMAT(lOX,'UTILITIES (t SINGLE FAHILY)',T41,F7.1,T54,F7.O,I, 

& lOX 7 ' (t MULTl FAM1LY)',T41,F7.1,T54,F7.O,/) 

l'<ETURN 
END 

'J. 



B.2.34 SUBROUTINE: WATER 

SUBPOUTINE WATER(WMCOST) 

******f*********************************************** ***************** * * * SUBROUTINf WATER * 
* * * This subroutine desi~ns the WATERMAIN ~ystem. For e~ch link, * * the subroutine: (1) estim~tes the domestic ~nd fire fi~htin9 * * w~t~r r~quirement, (2) c~lcul~tes the pipe size required to * * carry the estimated wat@r flow, and (3) selects a stand~rd * * siz~d w~term~in diameter based on the calculated di~meter. .* 
* * *********~~*~********************************************************** * USE - EXPECTED DOMESTIC WATER USE FOR WATERMAIN * CALCULATION (GPM) * FLOAD - SAFETY FACTOR FOR WATER CONSUMPTION REQUIREMENTS * CMMCMS - CUBIC METERS PER MINUTE TO CUBIC METERS PER SECOND CONVERSION 
* FACTOR * WMCOST - TOTAL COST OF THE WATERMAIN ($) * TPOP - TOTAL POPULATION FOR EACH DESTINATION LINK * CONST - TEMPORARY CONSTANT * PI - THE TOTAL POPULATION FOR EACH LINK * GDMSTC - TOTAL DOMESTIC WATER FLOW REQUIREMENT (CU. METERS/MIN.) * QFIRE - TOTAL WATER FLOW REQUIREMENT FOR FIRE FIGHTING * PURPOSES (CU. METERS/MIN.) * GWM - TOTAL WATER FLOW REQUIREMENT FOR THE WATERMAIN (CMS) * Dl - DIAMETER OF THE WATERMAIN (M) * DIAWM DIAMETER OF THE WATERMAIN (mm) * CWM - THE ~ER UNIT COST OF THE WATERMAIN FOR EACH LINK ($) * INDXI - DIAMETER INDEX FOR WATERMAIN (1 - 6) 

* * 
PARAMETER 

& NODNUM~]OO,LINNUM=150,INTNUM=10, 

& CMMCMS=I./GO . 

INTEGER TBTRYW,CONST,WUNITI,WUNIT2,RUNITI,RUNIT2,ERRFLG 
REAL LLINK,MULTI 
COMMON 

& IARFA3/NLJNK,NODEl(LINNUM),NODE2CLINNUM),LLINKCLINNUM), 
& UNITSCLINNUM),MULTICLTNNUM),AREACLINNUM) 
& IARFAG/NWMLNK,WLINKS(LINNUM),NWMGRP,TBTRYW(LINNUM,4) 
& IAREA9/IQ,L,P(LINNUM),PDSCLINNUM),ASSCLINNUM) 
& IAREAIS/COSTII(G),COSTI2(9,S),COSTI3(9,14),COSTI4,COSTIS,COSTI6, 
& COST17,COSTIB(9) 
& IARFA18/RK4.(2),nSELEV(NODNUM),SSELEV(NODNUM),DIAWMCLINNUM), 
& DIADSCLINNUM),DIASSCLINNUM),CWMCLINNUM),CDS(LINNUM),CSSCLINNUM) 
& IAREA20/ERRFLG 
& IAREA21/RUNITI,RUNIT2,WUNITI,WUNIT2 
& IAREA22/PEOPLE,WVMIN,FRICTN,USE,FLOAD 

WMCOST=O.O 
WRITECWUNITI,200) 

200 FORMATC'lWATERMAIN',/X,9C'='),II,TII,'TRIBUTARY',T37, 
& 'REQUIRED',I,' LINK',TIO,'POPULATION FLOW RATE DIAMETER' 
& ,1,' (t)',T13,'(t)',T2G,'CCMS)',T39,'CM)'/) 
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DO 214 I=1,NWMGRP 
TPOP=O.O 
[10 210 .1=1,3 

CONST=TBTRYW(I,J) 
IF(CONST.LE.O) THEN 

GOT0210 
ENDIF 
P1=(UNITS(CONST)+MULTI(CONST»~PEOPLE+P(CONST) 

TPOP=TPOP+Pl 

CALCULATE THE DOMESTIC AND FIRE FIGHTING WATER 
REQUIREMENT AS DESCRIBED IN: 
Standard Handbook ot En9ineerin9 Calculations 
New York, 1972 
by Tyler Hicks 

QDMSTC=USE*Pl~FLOAD/(24~60) 

QFIRE=1020~0.003785~SQRT(P1/l000)~(1-0.01~SQRT(Pl/1000) ) 
NOTE: 0.003785 IS A METRIC CONVERSION FACTOR 

QWM=(QDMSTC+QFIRE)~CMMCMS 

Dl=SQRT«QWM/WVMtN)*(4.0/3.14159» 
WRITE(WUNITl,205)CONST,Pl,QWM,D1 

FORMAT(I4,Tll,F7.0,T25,F7.5,T37,F7.5) 

CHOOSE A PTPE DIAMETER THE SAME SIZE OR LARGER 
THAN THE CALCULATED DIAMETER REQUIRED 

IF(Dl.LE.0.150) THEN 
D1=0.150 
INDXl=l 

ELSEIF (Ol.LE.0.200) THEN 
D1=0.200 
INDX1=2 

ELSEIF (Dl.LE.0.250) THEN 
01=0.250 
INOX1=3 

ELSEn' <01.LE.0.300) THEN 
01=0.300 
INDX1=4 

ELSEIF (Dl.l.E.0.400) THEN 
D1=0.400 
INDXl=5 

ELSE 
Dl=9.999 
INDXl=6 

ENDIF 
DIAWM(CONST)=Dl~lOOO 

CWM(CONST)=COSTll(INDXl) 
WMCOST=WMCOST+CWM(CONST)~LLINK(CONST) 

210 CONTINUE 
P(TBTRYW(I,4»=P(TBTRYW(I,4»+TPOP 

214 CONTINUE 
CALL ASPLIT(l,WMCOST) 
RETURN 
END 
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B.3 SUBROUTINES CALLED BY OTHER SUBROUTINES 

B.3.1 SUBROUTINE: ACCOUT 

* 

* * 

* 

SUBROUTINE ACCOUTCTYPE,TYCOST) 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=10 

INTEGER 
& EVEN,TYPE,TIME,WUNITI 

REAL 
~ INTRST 

CHARACTF.R*12 ACCONT 

COMMON 
& 
& 
& 
& 
& 
8 

TIME=3 

IAREA]/NTNT,INTRST(INTNUM),LIFE(INTNUM) 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IARFA46/NACONT(25),ACCONT(25,10),PRCENT(25,10),SDCOST(25,10) 
,MNPACC(25,10),OPPACC(25,10) 
IAREA47/ACCOST(100),AMCOST(100),AOCOST(100),ACCNUM(100) 
,DEFINE(100),NACCNT 

TANNUL=O.O 
DO 100 J=l,NACONT(TYPE) 

AWORTH=UNPORM(INTRST(NINT),LIFE(NINT),SDCOST(TYPE,J) ) 
FWORTH=UNFORM2(INTRST(NINT),LIFE(NINT),SDCOSTCTYPE,J) 
TANNUL=TANNUL+AWORTH 
WRITE (WUNIT1,500) ACCONT(TYPE,J),SDCOST(TYPE,J),AWOR!H 

100 CONTINUE 
WRITE (WUNT!] ,510) TYCOST,TANNUL 
DO 110 I=l,TIME 

WRITE (WUNIT1,520) TYCOST,TANNUL 
110 CONTINUE 

500 
510 
520 
530 

* * 

WRITE (WUNIT1,530) 

END 

FORMAT (34X,AI2,2(7X,'S',2X,F10.2» 
FORMAT (19X,'T 0 T A L',18X,2C7X,'S',2X,F10.2» 
FORMAT ('+',45X,2(7X,'$',2X,F10.2» 
FORMAT C/) 



PROGRAH LISTING P~ge B-151 

B.3.2 SUBROUTINE: ACCOUTI 

SUBROUTINE ACCOUT1(TYPE) 

PARAHETER 
~ NODNUH=JOO,I.JNNUH=150,INTNUH=10 

INTEGER 
& EVEN,TYPE,TIHE,WUNITI 

REAL IHCOST,HGRAD,HGRATE,HNCOST,HINST,HNPACC,HCAPAF 

CHARACTER*12 ACCONT,ACCNUH 
CHARACTER*50 DEFINE 

COHHON 
& , 
& 
8 
& 
& 
& 

TIHE=3 

IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA4G/NACONT(2S),ACCONT(25,lO),PRCENT(2S,lO),SDCOST(25,10) 
,HNPACC(2S,10),OPPACC(25,10) 
IAREA47/ACCOST(100),AHCOST(100),AOCOST(100),ACCNUH(100) 
,DEFINE(lOO) 
/~REA49/IHCOST(2S),HGRAD(2S),HGRATE(2S),HINST(2S),HLIFE(25) 
,HNCOST(25,3),HCAPAF(25,10,3) 

DO 100 J=l,NACONT(TYPE) 
WRITE (WUNJTl,500) ACCONT(TYPE,J),(HCAPAF(TYPE,J,K),K=1,2) 

100 CONTINUE 

500 FORHAT (54X,A]2,2(7X,'S',2X,FIO.2» 

* 
END 



, 
; 

B.3.3 SUBROUTINE: ACCOUT2 

SUBROUTINE ACCOUT2(TYPE) 

PARAMETER 
& NODNUM=lOO,J.INNUM=150,INTNUM=lO 

INTEGER 
& EVEN,TYPE,T1MF.,OLIFE,WUNIT1 

REAL IOCOST 

CHARACTER~12 ACCONT,ACCNUM 
CHARACTER~50 DEFINE 

COMMON 
& IAREA21/RUN1Tl,RUNIT2,WUNITl,WUNIT2 
& IAREA46/NACONT(25),ACCONT(25,10),PRCENT(25,10),SDCOST(25,10) 
& ,MNPACC(25,10),OPPACC(25,10) 
& IAREA47/ACCOST(100),AMCOST(100),AOCOST(100),ACCNUM(100) 
& ,DEFINE(lOO) 
& IARFA50/IOCOST(25),OGRAD(25),OGRATE(25),OINST(25),OLIFE(25) 
& ,OPCDST(25,3),OCAPAF(25,10,3) 

TIME=3 

DO 100 J=l,NACONTfTYPE) 
WRITE (WUNITl,500) ACCONT(TYPE,J),(OCAPAF(TYPE,J,K),K=1,2) 

100 CONTINUE 

500 FORMAT (54X,A12,2(7X,'$',2X,FIO.2» 
~ 

* END 
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B.3.4 SUBROUTINE: ADJ 

SUBROUTINE ADJ(CNODE,CLINK,CWD) 

**~*****A*~**************************************~********************* * *. * ADJ * 
* * 
********~~************************************************************* 
* *= 

* * 
* 
* 
* 
*. 

* 
* 
;~ 

* 
* 
* 

*' * * 

CNODE - current node in the memory. 
ATTLtN - the links associ~te with the current node. ( NOTE: max. link c~ 

Cl.INK 
CWD 
NL 
FLAG 
.J 

~ttach to the current node is 4 ) 
- C IJ r r @nt 1 ink i nth e me mar y • 
- width ot the correspondin9 road. 
- numb~r of links ~ttached to the current node. 
- indicat~ the road width of the correspondin9 link 
- loop counter 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=10 

INTEGER 
& RUNITl,RlINIT2,WUNITl,WUNIT2,CLINK,CNODE,ATTLIN,FLAG 
& , EX IT 

COMMON 
& 
& 
& 
& 
& 
& 
& 

IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
AN~l.E(NODNUM),RCURB 

IARRA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MUl.Tt(l.lNNUM),AREA(LINNUM) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREA2l/RUNltl,RUNIT2,WUNITI,WUNIT2 
IAREA21/ATTLIN(NODNUM,4),EXIT(NODNUM) 

* clear the variable to zero 
DO 100 J=1,4 

ATTLIN(CNODE,J)=O 
100 CONTINUE 
* * set the number of links counter to zero 

* * It 

NL=O 

* determine the links attach to the current node 
no 110 J=l,NLINK 

IF ( NODE1(J).EQ.CNODE .OR. NODE2(J).EQ.CNODE ) THEN 
NL=NL+l 
ATTLIN(CNODE,NL)=J 



rnU',JIJ\,.,11 w ... w.I .... ""'" 

110 
*. 

"" -I< 

ENDIF 
CONTINUE 

* if CLTNK is not equ~] -1, then this rcutine is called by the * PAVEMENT routine, so we must return the corresponding ro~d * width of the current link 
IF ( CtINK.EQ.-l) GOTO 999 

* * check for the exit node 
* (NOTE: exit node always has I att~ched link ) 

IF ( NL.EO.] ) EXIT(CNODE)=1 

* * set up the default Y~lue of the road width 
CIJD=IJROAD (CL IN.() 
FLAG=O 

DO 120 J=J ,NL 
L=ATTLIN(CNnnr,J) 
IF ( WROADCL).NE.CWD .AND. WROAD(L) 

.NE.O.O THEN 
FLAG=J 

ENDIF 
l~O CONTINUE 
~: 

* determine the corresponding road width of the current link 
IF ( FLAG.NE.O) CWD=WROADCATTLIN(CNODE,FLAG» 

* 
'* 999 'RFTURN 

END 
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B.3.5 SUBROUTINE: ASPLIT 

SUBROUTINE ASPLIT(TVPE,TVCOST) 

INTEGER 
\ TVPE,MF.THOD,FLEM 

CHARACTER*12 ACCONT,ACCNUM 
CHARACTF.R~50 DEFINE 

P.'3ge B-155 

COMMON 
& 
& 
& 
& 
& 

IAREA21/RUNIT1,RUNIT2,WUNIT1,WUNIT2 
IAREA4G/NACONT(2S),ACCONT(25,10),PRCENT(25,10),SDCOST(25,10) 
,MNPACC(25,10),OPPACC(25,10) 
IAREA47/NACCNT,ACCOST(100),AMCOST(100),AOCOST(100),ACCNUM(100) 
,DEFINE<lOO) 

~ det@rminp which m@thod is going to be used 
TPCENT=O.O 
DO 100 I=l,NACONT(TVPE) 

TPCENT=TPCENT+PRCENT(TVPE,I) 
100 CONTINUE 

IF ( TPCENT. I.F.. 1 ) THEN 
~ IJ<; i ng thl'? t' at i 0 or per cent.'3ge 

METHOD=l 
ELSE 

* the givpn co~t are 31re~dy broke down 
METHOD=2 

ENDIF 
* 3pply thp method 

IF ( MEtHOD.Ea.1) THEN 

120 

l10 
ELSE 

140 

130 
ENDIF 

RETURN 
END 

DO 110 I=l,NACONT(TVPE) 
SDCOST(TVPE,T)=TYCOST*PRCENT(TYPE,I) 
DO 120 J=l,NACCNT 

IF ( ACCNUM (J) • r.a. ACCONT (TVPE, I) THEN 
ELEM=J 

ENDIF 
CONTINUE 

ACCOST(ELF.M)=ACCOST(ELEM)+SDCOST(TVPE,I) 
CONTINUE 

DO 130 I=l,NACONT(TVPE) 
DO 140 J=I,NACCNT 

IF (ACCNUM(J).EQ.ACCONT(TVPE;I) THEN 
ELEM=J 

ENDIF 
CONTINUE 

ACCOST(ELEM)=ACCOST(ELEM)+PRCENT(TVPE,I) 
CONTINUE 
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B.3.6 SUBROUTINE: CATCALC 

SUBROUTINE CATCALC(CNODE,NFLOW) 

*********************************************************************** 
* * * SUFIROUT INF. CATCALC * 
* * *********************************************************************** 
* * * * ATTLIN the links ~ssociate with the given node. ( NOTE: max. link can 
* ~tt~eh to th~ given node is 4 ) * CLINK - rurr@nt link in the memory. * CNl)nr.: - eljrr~nt nOlip in the memory. * WROAD - width ~f the road of a given link * rBDPTH - dppth ~f the basin lead from the ground level. * CBLFAD - length of the catchbasin lead. * ClEAD - min. length of the catchbasin lead. * IND~X - depth index of catch-basin * BASIN - number of c~tch-b~sins required for current node * FLINK - flag jndj~~tes the drain~ge link * AU~nSp - ~vpr~gp storm s~wp.r eleva for a given link 
* CBrn~ - the cost of the c~tch-hasins for current node * NFLOW - number of drainage flow for current node * CBC - temporary cost * IND tempor~ry dppth index v~lue * EXL - the link with 1 extra c~tch-b~sin ( 2 ) * LCnCnS - thp eo~t of the c~tch-b3sins for current link 
* LBASJN - numher of c~tch-basins required for current link 
A J - loop counter 
* 55 - suhscript * cost data refer to INDAT2 routine 

"" * * PARAMETER 
& NODNUM=IOO,LINNUM=150,INTNUM=lO 

INTEGER 
& ATTLIN,FlASIN,YNDEX(4),SS,CNODE,CLINK,EXL 

INTEGER 
& DINDX3,RUNITl,RUNIT2,WUNITl,WUNIT2,FLINK 

REAL 
& 

COMMON 
I 
& 
& 
& 
& 

LCBCOS 

IARBA?INNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUSCNODNUM), 
ANGLE (NOrtNUM) 
IAR~A3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA4/LROADCLINNUM),WROAD(LINNUM),TROAD(LINNUM) 
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& IAREA15/COSTll(6),COST12(9,5),COST13(9,14),COST14,COSTl5,COST16, 

* * ~ 

& COSTI7,COST18(9) 
& IAREA18/RK4(2),DSELEV(NODNUM),SSELEV(NODNUM),DIAWM(LINNUM), 
& DIADS(LINNUM),DIASS(LINNUM),CWM(LINNUM),CDS(LINNUM),CSSCLINNL 
& IAREAl9/TLCOST 
I IAREA21/RUNITl,RUNIT2,WUNITI,WUNIT2 
& IAREA2G/CORWD(LINNUH,2),AINTS(NODNUM),ALINK(LINNUM) 
& IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUM) 
& IAREA30/CBLEAD(4,2),CBDPTH(4),FLINK(NODNUM,4), 
& BASIN(NODNUM),CBCOS(NODNUH),LBASIN(LINNUM),LCBCOS(LINNUM) 
& IAREA32/SSLINK(NODNUH,4),AVEDEP(LINNUH),DSLINK(NODNUM,4) 

~ find the depth index of all links associated with the current * no~~ ( ~xcept easement ) 
~ 

100 

* * 
~ 

DO 100 J=I,4 
CLINK=ATTLIN(CNODE,J) 
IF e CLINK.NE.O .ANn. WROAD(CLINK).NE.O.O THEN 

ENDIF 
CONTINUE 

IND=INTCAVEDEP(CLINK)/0.5-4) 
IF ( IND.LT.l) IND=1 
IF ( IND.GT.9) IND=9 
INDEX(J)=IND 

* calcu]~te the cost 
IF ( BASIN(CNOD~).EO.2) THEN 

* * find th~ link ha5 dr~jnage 
DO 110 J=I,4 

IF ( FLINK(CNODE,J).EO.l) THEN 
CBCOS(CNODE)=(COST16+COST17*CBDPTHeJ» 

& *2+COSTI8(INDEX(J» 
& *CCBLEADeJ,1)+CBLEADeJ,2» 

CLINK=ATTLINCCNODE,J) 
LBASIN(CLINK)=LBASINCCLINK)+2 
LCBCOS(CLINK)=LCBCOSCCLINK)+CB~OSeCNODE) 

ENDlf 
110 CONTINUE 
* ENDIf 

If ( BASJN(CNODE).EQ.3) THEN 

* * every dr~inage link has a catch-basin 
DO 120 J=1,4 

If ( fLINK(CNODP.,J).EQ.1) THEN * u~e the min. 1e~d length to min. the cost 
If ( CBLEADCJ,1).GT.CBLEADeJ,2) 

SS=2 
ELSE 

SS=1 
ENDlf 

THEN 

) 



120 

* 
ENflIF 
CONTINUE 

CBC=(COST16+COST17*CBDPTH(J» 
+COST18(INDEX(J)'*CBLEAD(J,SS) 

CBCOS(CNODE'=CBCOS(CNODE)+CBC 
CLINK=AT7LIN(CNODE,J) 
LBASIN(CLINK)=LBASIN(CLINK)+l 
LCBCOS(CLINK)=LCBCOS(CLINK)+CBC 

IF ( NFLOW.NF..~ASIN(CNODE» THEN 
• put the l~~t catch-basin to the link has the min. lead len9th 

EXL=O 

1:10 

140 

* 

ENDIF 
ENDIF 

CLEAD=9999999.0 
DO 130 J=1,4 

IF (FLINK(CNODE,J).EQ.1 THEN 
IF (CBLEAD(J,1).GT.CBLEAD(J,2) THEN 

SS=1 
ELSE 

SS=2 
ENDIF 
IF (CBLEAD(J,SS).LT.CLEAD THEN 

ENDIF 
CONTINUE 

ENDIF 
EXL=J 

IF ( CBLFAD(EXL,I).GT.CBLEAD(EXL,2) 
SS=1 

ELSE 
SS=2 

THEN 

ENDIF 
CBC=(COSTI6+COSTI7*CBDPTH(EXL»+COSTI8(INDEX(EXL» 

*CE:LEAD (EXL, SS) 
CBCOS(CNODF)=C~COS(CNODE)+CBC 

CLINK=ATTLIN(CNODE,EXL) 
LBASIN(CLINK)=LBASIN(CLINK)+l 
LCBCOS(CLINK)=LCBCOS(CLINK)+CBC 

IF ( BAStN(CNODE).EQ.4) THEN 

& 

DO 140 J=I,4 
IF ( FLINK(CNODE,J).EQ.l) THEN 

ENDIF 
CONTINUE 

IF (CBLEAD(J,1).GT.CBLEAD(J,2) THEN 
SS=2 

ELSE 
SS=l 

ENDIF 
CBC=(COST16+COST17.CBDPTH(J» 

+COST1B(INDEX(J»*CBLEAD(J,SS) 
CBCOS(CNODE)=CBCOS(CNODE)+CBC 
CLINK=ATTLIN(CNODE,J) 
LBASIN(CLINK)=LBASIN(CLINK)+l 
LCBCOS(CLINK)=LCBCOS(CLINK)+CBC 



PROGRAM LISTING 

* find the cc~t for the last catch-b~sin 
k put th@ l~st catch-basin to the link h~s the min. le~d length 

150 

ENDIF 

* * * RETURN 
END 

EXL=O 
CLEAD=9c)9c)9c)9.0 
[10 150 J=1,4 

IF ( FLINK(CNODE,J).EQ.1) THEN 

ENDIF 
CONTINUE 

IF( CBLEAD(J,1).GT.CBLEA[I(J,2) THEN 
SS=l 

ELSE 
SS=2 

ENDIF 
IF (CBLEAD(J,SS).LT.CLEAD THEN 

EXL=J 
ENDIF 

IF ( CBLEAD(EXL,1).GT.CBLEAD(EXL,2) ) THEN 
SS=1 

ELSE 
SS=2 

ENDIF 
CBC=(COSTIG+COST17.CBDPTH(EXL»+COST18(INDEX(EXL» 

:ltCBLEAD(EXL,SS) 
CBCOS(CNODE)=CBCOS(CNODE)+CBC 
CLINK=ATTLIN(CNODE,EXL) 
LBASIN(CLINK)=LBASIN(CLINK)+l 
LCBCOSCCLINK)=LCBCOS(CLINK)+CBC 
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B.3.7 SUBROUTINE: CATCALC2 

SUBROUTINF CATCALC3(CLINK,CLEAD,CDPTH) 

***********************************-************************-************ 
* * * SUBROUTINE CATCALC2 * 
* * *********************************************************************** 
* *-
*-* CLIN~~ _. clJrrerlt ljnk in the meaRlory. 
*- CDPTH - depth of the basin lead from the ground level. 
*- CLEAD - leangth of thea catchbasin lead. 
*- INDEX - depth ind~x of catch-basin 
*- AVEDFP - avearage storm sewer elev. for a given link * LCBCOS - the cost of the c~tch-basins for current link * IND - teomporary depth index value * cost data refer to INDAT2 routine 
*-
* *-

* *-
*-

PARAMETER 
& NODNUM=JOO,LINNUM=150,INTNUM=lO 

INTEGER 
& CL INt", 

INTEGER 
~ RUNIT1,RUNTT::!,WUNT'!'1,WUNIT2 

REAL 
8. 

COHMON 
& 
8. 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& , 
& , 

LCBCClS, Cl.P-AD (2) 

IARFA~/NNODE,NTYPE(NODNUH',ELEVCNODNUH),RADIUSCNODNUH), 

ANGLECNODNUH) 
IAREA3/NLINK,NODEICLINNUH),NODE2CLINNUH),LLINKCLINNUH), 
UNITSCLINNUH),HULTICLINNUH),AREACLINNUM) 
IAREA4/LROADCLINNUM),WROADCLINNUM),TROADCLINNUM) 
IAREAlS/COSTII(6),COST12C9,S),COST13C9,14),COST14,COST15,COST16, 
COSTI7,COSTIS(9) 
IAREAlS/RK4(2),DSELEVCNODNUM),SSELEVCNODNUH),DIAWM(LINNUM), 
DIADSCLINNUH),DIASSCLINNUM),CWMCLINNUM),CDSCLINNUM),CSS(LINNUM) 
IAREA19/TLCOST 
IARP-A21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA26/CORWDCLINNUM,2),AINTSCNODNUM),ALINKCLINNUM) 
IAREA27IATTLINCNODNUM,4),EXIT(NODNUM) 
IAREA30/CBLEAD(4,2),CBDPTH(4),FLINKCNODNUM,4), 
BASINCNODNUM),CBCOSCNODNUM),LBASINCLINNUM),LCBCOS(LINNUM) 
IAREA32/SSLINKCNODNUH,4),AVEDEPCLINNUM),DSLINKCNODNUM,4) 



PROGRAM LISTING 

* find the ~~pth ind~x of the current link 

* 

* * Ie 

IND=INT(AVEDEP(CLINK)/O.5-4) 
IF ( IND.LT.l) IND=l 
IF ( IND.GT.9) IND=9 
INDEX=IND 

Ie calcul~te the cost 

* 
& 
& 

RETURt
END 

LCBCOS(CLINK)=(COSTIG+COSTl7*CDPTH) 
*2+COSTl8(INDEX)*(CLEAD(l)+CLEAD(2) 
) +LCBCOS (CL IN~{) 



/ 

,I .''''''·~A'"I' .... W .. ... , ... 

B.3.8 SUBROUTINE: CATDEPTH 

SUBROUTTNF CATDEPTH(CNODE,CLINK,FROM,DSTLEN,CLEAD,CDPTH) 

~~~~~~*~~*******~**********************************************************~ 
* * CATDEPTH 
* 
***************************************************************************~ 
* * * *. ATTLIN the links ~ssociate with the 9iven 

attach to th~ 9iven node is 4 ) 
CLINK - current link in the mpmory. * *. 

* * * *. 

* 
*. 

* 
*' * * * *. 

* 
* *-
*. 

* :0\-

;4; 

*. 

*-
*' *-
*-
* 
*-
*-
* 

PNODr.: - previ.olJ<; nod~ irl the menlory. 
CNODE - current node in the memory. 
SSLINK - storm ~ewer ~lev. of a 9iven link. 
NODFJ - ori9in node of the current link. 
NODE2 - dest. node of the current link. 
SSELEI - storm sewer elev. of the current link at the current node. 

link at the previous node. 
9ro'Jrld level. 

SS~tE2 - ~torm sewer elev. of the current 
CDPTH - depth of the basin lead from the 
CLEAD - len9th of the catchbasin lead. 
ELEVJ - the elevation difference at current node. 
ELEV2 - the elevation difference at previous node. 
ANG - the slope an91e of the pipe. 
CWD - correspondi.n9 road width of the current link 
BASHGT - the hei9ht between the lead and the beddin9. 
BASn~D - the hei9ht of the beddin9. 
OFFSET - the distance from the center of the street. 
AVED~P - avera9P depth of the storm sewer of the current link 
DSTLEN - difference in street len9th ( for calculatin9 link's 

b~sins orlly ) 
catch-

D ISTI - the di~t~nce from the current node to the catch-basin 
DtST2 
FROM 
NEG 
J 

- the distance from the current node to the catch-basin 
- identify the call from which part of the main catch-basin routir 
- ne9·3tive fl.39· 
- J oop courlter 
- subscript 

PARAMETER 
& NODNUM=lOO,LJNNUM=lSO,INTNUM=lO 

INTEGER 
~ CNODE,PNODE,CLINK,ATTLIN,SS,FROM 

INTEGER 
& RUNITI,RlINJT.2,WUNJTl,WUNIT2 

REAL 
& CLF.AD(2) 



PROGRAM LISTING P:3'3e B-IG3 

*. 

COMMON 
& 
~ 

& 
& 
& 
& 
& 
& 
& 
& 
& 

IAREA2/NNODE,NTYPECNODNUM),ELEVCNODNUM),RADIUSCNODNUM), 
ANGLECNODNUM) 
IAREA3/NLTNK,NODE1(LINNUM),NODE2(LINNUM),LLINK(LINNUM) , 
UNITSCLINNUM),MULTI(LINNUM),AR~A(LINNUM) 

IAREA4/LROADCLINNUM),WROADCLINNUM),TROAD(LINNUM) 
IAREAIB/RK4(2),DSELEV(NODNUM),SSELEV(NODNUM),DIAWM(LINNUM), 
DIADSCLINNUM),DIASSCLINNUM),CWMCLINNUM),CDSCLINNUM),CSS(LINNUM) 
IAREA21/RUNIT1,RUNIT2,WUNIT1,WUNIT2 
IAREA2G/CORWDCLINNUM,2),AINTSCNODNUM),ALINK(LINNUM) 
IAREA27/ATTLINCNODNUM,4),EXITCNODNUM) 
IAREA32/SSLINK(NODNUM,4),AVEDEP(LINNUM),DSLINKCNODNUM,4) 
IAREA33/BASHGT,BASBED,OFFSET 

* $et thp np'3~tivp fl~9 to 1 
NEG=1 

* :k 

* ~ determinp the previou$ node of the link and find the 
*. corre~pondin9 roadwidth 

* * * 

IF C NODE I (CI. INK) • EQ. CNODE THEN 

ELSE 

MM=1 
PNODE=NODE2CCLINK) 

MM=2 
PNODE=NODEICCLINK) 

ENDIF 
CWD=CORWDCCLINK,MM) 

identify the c~ll from which p~rt of the main catch-basin routine 
wh~n FROM = 0 it is ca11in9 by the node part of the main catch-basin 
rout i r,e 
wher, FROM = 1 it i$ ca1lin9 by the link part of the main catch-ba$in 
r OIJt i ne 
IF ( FROM.EQ.O) THEN 

DISTl=O.S*.CWD 
DIST2=LLINK(CLINK)-0.S*CWD 

ELSE 

ENDIF 

DIST1=LLINK(CLINK)-DSTLEN 
DIST2=DSTLEN 

* determinp the $lope an91e of the pipe. 
*. 
* find the ~torm $ewer eleva at current node 

DO 100 J=I,4 

100 

IF (ATTLIN(CNODE,J).EQ.CLINK THEN 

ENDIF 
CONTINUE 

SS=J 



I 
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SSEtEl=SSLINK(CNODE,SS) 

* find the ~torm sewer elev. ~t previous node 
DO 110 J=I,4 

IF (ATTLJN(PNODF,J).EQ.CLINK THEN 
SS=J 

ENDIF 
110 CONTINUE 

I< 

SSELE2=SSLJNK(PNODE,SS) 

IF ( SSELFl.GT.9000.0 .OR. SSELE2.GT.9000.0 
S THEN 

ELSE 

CLEAD(1)=9999999.99 
CLEAD(2)=9999999.99 
CDPTH=O.O 

ELEV1=ELEV(CNODE)-SSELEl 
ELEV2=EtEV(PNODE)-SSELE2 
AVEDEP(CLINK)=(ELEV1+ELEV2)/2.0 

* c~lcuJ~te the le~d 1en9th ~nd the depth 
IF ( ELEV1.LT.ELEV2) THEN 

ANG=ATAN(ELEV2-ELEV1)/LLINK(CLINK) 
DPTH=TAN(ANG)*(DISTl)+ELEVl 
DO 120 J=1,2 

NEG=-NEG 
CLEAD (J) = ( (0. S*·WROA[I (CL IN.{) +OFFSET*NEG) 

S **2.0+BASHGT**2.0)**O.S 
120 CONTJNUE 

& 
130 

* 
ENDIF 

* * 
* 

RETURN 
END 

ELSE 

ENDIF 

CDPTH=DPTH+BASBED 

ANG=ATAN(FLFVI-ELEV2)/LLINK(CLINK) 
DPTH=TAN(ANG)*(DIST2) 

+ELEV2 
DO 130 J=I,2 

NEG=-NEG 
CLEAD(J)=«O.S*WROAD(CLINK)+OFFSET*NEG) 

**2.0+BASHGT**2.0)**O.5 
CONTINUE 

CDPTH=DPTH+BASBED 



PROGRAM LISTING 

B.3.9 SUBROUTINE: CATLIN 

SUBROUTINE CATLIN(ORIGIN,DEST,BRANCH,START,END,FROM,LENGTH) 

~~~***~~x*~~**~*********************~**~*******~**********************~~* 
* * * CATCHBASIN PER STREETLENGTH ~ 

* * *****************************************************~*****************~* 
~ 

'* 
'* '* ATTLI~ the links ~ssoci~te with the given node. ( NOTE: max. links c~n * attach to the given node is 4 ) 
'* CLINK - current link in the memory. * OR1G1N the origin node of the sequence of nodes comprising a street * ( one street m~y be composed of several links ) * DEST - the de~t node of tAe sequence of nodes comprising ~ ~treet * ( one street may be composed of several links ) * BRANCH - the branch of the path * STRLEN - street length between two intersections or intersection/dead 
'* end/cul-de-sac * SPACAT - ~pacin9 of c~tch-basin 
'* NBASTN - number of c~tch-b~sins per street leng~h city block ) 
'* S T 'f< C A 1:' .- n IJ m b e r o:t cat c h -- t: .. ~ sin <; per c; t r e I;c' t 1 e rIg t h c i +. Y to I 0 c k ) 
'* ( record the v~lues in the memory ) * PATH - the link~ between two intersection<; or intersection/de~d 

* end/cul-de-sac * STLENI - the total length by ~dding the spacing of c~tch-basin 
* ~TLEN2 - the total len9th by ~dding the ro~d length of the link 
* DSTLEN - difference in street length ( for calcul~ting link's c~tch-* basins only, the difference of STLEN2 ~nd STLENl) * SLEN -- ~treet length of ~n given clink ( v~lue returned from CHECKLEN 
* routine ) * START - the st~rtin9 link * END - the last link 
'* FROM - fl~g jndic~tes str~i9ht street 
'* STLENG - len9th ot ~n section ot ~ street or between two intersections 0 * end/cul-de-sac * LENGTH - len9th ot ~n section of ~ street * J01NT - the node connects the two 9iven links 
'* K,L - r.ounter 

'* * * PARAMETER 
& NODNUM=IOO,LINNUM=ISO,INTNUM=IO 

INTEGER 
& CLINK,PAtH,FROH,START,END,ORIGIN,DEST,BRANCH 

INTEGER 
& RUNITl,RUNIT2,WUNITl,WUNIT2,STRCAT,ATTLIN 

REAL 



*
*. 
*. 

& CLEAD(2),LENGTH 

COMMON 
& IAREA~/NNODE,NTYPE(NODNUM),ELEU(NODNUM),RADIUS(NODNUM), 
~ ANGLECNODNUM) 
~ IARFA8/NI.TNK,NODEI(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
& UNITSCLINNUM),MULTI(LINNUM),AREA(LINNUM) 
& IAREA4/LROAD(LINNUM),WROADCLINNUH),TROAD(LINNUM) 
& IAREA2S/SPAMAN,SPALIT,SPACAT 
& IARF.A27/ATTLIN(NODNUM,4),EXIT(NODNUH) 
& IAREA28/STRLEN(NODNUH,NODNUM,4),PATH(NODNUM,4,NODNUH) 
& IAREA30/CBLEAD(4,2),CBDPTH(4),FLINK(NODNUH,4), 
& BASINCNODNUM),CBCOSCNODNUH),LBASIN(LINNUH),LCBCOS(LINNUM) 
~ ,STRCAT(NODNUM,NODNUM,4) 

*. identify thp street condition/oriention 
*. wh~n fROM = 0, this is a straight street no corner ) 

IF C FROM.FQ.O) THEN 
STLENG=STRLFN(ORIGIN,DEST,BRANCH) 

ELSE 
STLENG=LENGTH 

ENDIF 
II * determine the number of catch-basins per street length ( or city block) 
* or s~ctiDn of th~ street C intersection/corner ) 

II 

NBASIN=(INT(STLENG/SPACAT-0.S»*.2 
STRCATCORIGIN,DEST,BRANCH)=NBASIN+STRCAT(ORIGIN,DEST,BRANCH) 

*- determine which link has the catchbasins 
*- the tot:31 terlgth by .3dding the sp;~cing of c.3tch-b.3sin 

STLENI=().O * the total length by adding the road length of the link 
STLEN2=O.O 

* set up the 5tart counter 
~{=START-I 

L=O 

STLENI=STLFN]+SPACAT 
100 IF ( STLEN1.LC.STLEN2) THEN 

CLINK=PATH(ORIGIN,BRANCH,K) 
IF ( NBASIN.GT.O) THEN 

LBASIN(CLINK)=LBASIN(CLINK)+2 
NBASIN=NBASIN-2 
DSTLEN=STLEN2-STLENI 

~ tind the connecting node betwe~n two given links 
IF ( L.GE.2) THEN 

CNODE=NODEl(CLINK) 
DO 110 1=1,2 

IF (CNODF..EO.NODE1(CLINK) THEN 
CNODE=NODE2(CLINK) 

ELSE 
CNODE=NODEl(CLINK) 

i/ EN[I IF 
DO 120 J=I,4 
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120 
110 

ELSE 

ENDIF 

RETURN 
END 

P.'3ge B-IG7 

IF ( ATTLIN(CNODC,J).EO.O) GOTO 120 
IF ( ATTLINCCNODE,J).EQ.PATH(ORIGIN,BRANCH,K-l) 

JOINT=CNODE 
'ENDIF 

CONTINUE 
CONTINUE 

ELSE 
IF C FROM.F.Q.O) THEN 

JOINT=ORIGIN 
ELSE 

IF C NTYPECNODEICCLINK».EQ.2) THEN 
JOINT=NODEICCLINK) 

ELSE 
JO INT=NODF.2 C Ct. INK) 

ENDIF 
ENDIF 

ENDIF 

CALL CATDEPTHeJOINT,CLINK,l,DSTLEN,CLEAD,CDPTH) 
CALL CATCALC2 eCLtNK,CLEAD,CDPTH) 
STLEN1=STLENl+SPACAT 
GOTO 100 

ENDIF 

L=L+l 
~(=K+l 

IF (K.LF..ENn) THEN 
CLINK=PATHCORIGIN,BRANCH,K) 
CALL CHECKLEN(CLINK,SLEN) 
STLEN2=STLEN2+SLEN 
GOTO 100 

END IF. 



B.3.10 SUBROUTINE: CATNODE 

SUBROUTINE CATNODECCNODE) 

******************************************************************~****** 
* * * CATCHBASIN AT. NODE TYPE I OR 2 * 
* * *******~*~~~~************************************************************ 
* *. 

* * *. 

* 
},; 

'* ;4:, 

* 

NTYPF
ATTLTN 

CL 1N~( 
CNnnf: 
CDPTH 

- r,odE' t.y pe. 
thE' links ~ssocj~tE' with the 9iven node. ( NOTE: max. links can 
attach to th~ 9iven node is 4 ) 

- rurrpnt link in the mpmory. 
- ~lJrrp.nt r,orie ir, the memory. 

- depth of the basin lead from the 9round level. ( value returned 
from CATDEPTH routine ) * CLEAn - len9th of the catchbasin lead. C value returned from 

* CATDEPTH routine ) 
*. WROAD - width of the road of a 9iven link. * BASTN - number of catch-basins required for current node. * CBCOS - thE' cost of the c~tch-hasins for current node. * SSLTNK - ~torm ~ewer el~v. of a 9iven link. * SSELFI - storm sewer elev. of a type 2 node * BASHGT - the hei9ht betw~en the l~ad and the beddin9. * BASBFn - the hei9ht of the beddin9. 
* LBASIN - number of catch-basins required for current link ( include the 
* thE' catch-basins for associated node) * teneos - the cost of the catch-basins for current link ( include the 

Nt 
INDF-X 
INti 
J 

thE' r~tch-b~sjns for associated node) 
- number of ~treet links associst~d witn a given node 
- depth index of catch-basin 
- temporary depth index value 
.•. J oop counter 
- slJbscr i pt 

PARAMETER 
& NODNUM=IOO,LINNUM=150,INTNUM=10 

INTEGER 
& CLINK,CNOnF.,ATTLIN,BASIN,SS,CUL 

INTEGER 
& RUNITl,RUN1T.2,WUNITI,WUNIT2,LINASS(4) 

REAL 
& LCBCOS 

COMMON 
& /ARF.A~/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 

& ANGLECNODNUM) 



PROGRAM LISTING 

& 
~ 

& 
& 
& 
~ 
9 a 

& 
& 
& 
& 

* 
* 
* 
* .'30::10::1 
* .3r.d 
* 

IF ( 

,Ii: find 

IAREA3/NLINK,NODEl(LINNUM),NODE2(LtNNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM} 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREAI5/COSTll(6),COSTI2(9,5),COST13(9,14),COST14,COST15,COST 
GOSTI7,COSTI8(9) 
IAREA27/ATTLTN(NODNUM,4),EXIT(NODNUM) 
/AREA30/CBLEAD(4,2),CBDPTH(4),FLINKCNODNUM,4), 
BASINCNODNUM),CBCOSCNODNUM),LBASIN(LINNUM),LCBCOS(I.INNUM) 
,STRCAT(NODNUM,NODNUM,4) 
IAREA32/SSLINK(NODNUM,4),AUEDEP(LINNUM),DSI.INKCNODNUM,4) 
/AREA33/BASHGT,BASBED,OFFSET 

one catch-basin to the cul-o::Ie-sac/dead end/corner of the street 
find the co~t of the catch-basin 

NIYPF.(CNODE).EQ.I) THEN 
OIJt the link :=iSSOC i ated wi th th i s type 1 node 

DO 100 J=1,4 . 
CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NF..O .AND. WROAD(CLINK).NE.O.O THEN 

SS=J 
ENDIF 

100 
ELSE 

CONTINUE 

k for typ@ 2 node, find the link h~s the highest storm sewer elev 
SSELE1=0.0 
DO 110 J=I,4 

IF C SSLINKCCNODE,J).GT.SSELEI .AND. SSLINK(CNODE,J).LT. 
& 9000.0) THEN 

SS=J 
ENDIF 

110 
ENDIF 

CONTINUE 

CL IN.'=ATTI. IN (CNODE, S5) 

* * determin@ the len9th ot the catch-basin lead and depth 

~ 

CDPTH=ELEU(CNODE)-SSLINK(CNODE,SS)+BASBED 
CLEAD=«0.5*WROAD(CLINK»~~2.0+BASHGT~*2.0)~~0.S 

* find th@ d@pth index 
IND=INT(CELEU(CNODE)-SSLINK(CNODE,SS»/0.5-4) 
IF ( tNO.LT.I) IND=1 
IF ( IND. GT. 9) IND=9 
INDEX=IND 

* * calculat@ the cost to install the catch-basin 
CBC05CCNODE)=(COST16+COSTl?*CDPTH)+COSTlS(INDEX)*CLEAD 
BASIN(CNODE)=1 * for type 2 node, the cost 90 to the link with the highest storm sewer 

* elev.'3tion 
IF ( NTYPECCNODE).EQ.2) THEN 

LCBCOS(CLINK)=CBCOS(CNODE)+LCBCOSCCLINK) 
LBASIN(CLINK)=LBASIN(CLINK)+1 

ELSE 
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EN[lIF 

RETURN 
ENn 

r .~ ~ t:' D - J. ,. '.1 

IF C NTYPECNODEl(CLINK».EG.2 .OR. NTYPE(NO[lE2fCLINK» 
.EQ.2) THEN 

CALL CULCHK(CLINK,CUL,Ml,M2,LINKl,A) 
IF ( CUI.. ElL 0) THEN 

LCBCOS(CLJNK)=CBCOSCCNODE)+LCBCOS(CLINK) 
LBASINCCLINK)=LBASJNCCLINK)+l 

ELSE 
LCBCOS(LINKl)=CBCOS(CNODE)+LCBCOS(LINKl) 
LBASIN(LINKl)=LBASIN(LINKl)+l 

EN[lIF 
ELSE 

LCBCOS(CLINK)=CBCOS(CNODE)+LCBCOS(CLINK) 
LBASINCCtINK)=LBASIN(CLINK)+l 

ENrr IF 



PROGRAM LISTING P:~ge B-171 

B.3.11 SUBROUTINE: CHECKLEN 

SUBROUTINE CHECKLENCCLINK,SLEN) 

~~***~*~**A***********~********************~*****~**A****~************* 
* * *. CHECK STREET LENGTH *' 
* * *********~*****************************'*****************~*~~*~~**~~**** 
* * 
:.It 

* 
:.It 

* 
*' *. 
:.It 
*. 

* *. 

*' * * *. 

* 
* 
*' 

NTYPE 
CLINK 
CNODE 
PNOOE 
NODEI 
NODE2 
LLIm( 
tROAD 
RAD IUS 
SL1::N 

_. nod e t y p e • 
current link in the n\emory. 
current node in the memory. 

- previou~ node in the memory 
- ori9in node of the current link. 
- ~e~t. node of the current link. 
•. 1. €I n 9 tho f .1\1 9 i v e n 1 ink. 
- ro~d len9th of ~ given link. 
- r~dius of the cul-de-s~c/tube s~c 
- ~treet length of ~n 9iven clink 

PARAMETER 
&. NODNU~=]OO,LINNUM=150,INTNUM=lO 

INTEGER 
& RUNIT] ,RUNIT2,WUNITl,WUNIT2,CLINK,PNODE,CNODE 

REAL 
& LLIm<,I.ROAD 

COMMON 
& 
& 
& 
& 
& 
& 
& 

IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUSCNODNUM), 
RCURB 
IAREA3/NLJNK,NODEICLINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITSCLINNUH),HULTICLINNUM),AREA(LINNUM) 
IAREA4/LROADCLINNUM),WROADCLINNUM),TROADCLINNUM) 
IAREA21/RUNITI,RUNIT2,WUNITI,WUNIT2 
IAREA26/CORWDCLINNUM,2),AINTSCNODNUM),ALINK(LINNUM) 

* find the correct street len9th 
*' since, cul-de-s~c/tube s~c has different ro~d len9th ~nd street len9th, 
*' so we must find the street len9th for cul-de-s~c/tube s~c sep~rately 
*' current node always refers to the node with r~dius ( type 1 ) 

IF ( NTYPE(NODEl(CLINK».EQ.1 .OR. NTYPECNODE2(CLINK».EQ.l ) THEN 
IF ( NTYPE(NODF.I(CLINK».EQ.I) THEN 

CNODE=NODEI(CLINK) 
PNODE=NODE2(CLINK) 

ELSE 
CNODE=NODE2(CLINK) 
PNODE=NODEI(CLINK) 



, "U'''' 1'\ n I. ....&. '"'.&. ... I' .... . -- J - - _.--

ENDIF 
IF (RADIUS(CNODE).NE.O.O THEN 

IF ( NTYPECPNODE).NE.2) THEN 
SLEN=LLINKCCLINK)-(CORWD(CLINK,1)+CORWD(CLINK,2»/2.0+ 

& RADIUS(CNODE) 

ELSE 

ENDIF 

RETURN 
END 

ELSE 
SLEN=LL Im{ (CI. IN~{) +RAII IUS (CNOIIE) 

ENDIF 
ELSE 

SLEN=LROAD(CLINK) 
ENDIF 

SLEN=LROAD(CLINK) 
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B.3.12 SUBROUTINE: CLINE 

SUBROU~INE CLINE(XSPA,XSFC,COL,CONI,CON2) 

***~***~*;~A****~**********~******************************************** 

* * * CREATE LINE CHARACTERS * 
* * *********~************************************************************* 

* 'I\: 

* 
* * 
* * * * "-
*
*-

* * 
* lie 

* 
'I\: 
:A: 

XSPA - number ot spaces in each section. 
XSEC - number ot sections. 
XTOTAL - ~pacing counter. 
MeOL - max. column~ of the table. 
COL - ~tarting column. 
LINE - line characters. 
LINEl - line characters. 
LINS2 
LINE3 
LtNF.4 
CONI 
CON2 
I 

- line characters. 
- line characters. 
- line characters. 
- condition flag indicates the shift of a section. 
- condition flag indicates the shift of a section. 
_. loop counter. 

INTEGER XSPA,XSEC,CON1,CON2,COL,XTOTAL 

CHARACTER*132 LINE,LINEI,LINE2,LINE3,LINE4 

COMMON 
~ /ARRA39/LINE,LINEl,LINE2,LINE3,LINE4 

* clear th~ character variables 
DO 90 1=1,132 

LINECI:I>=' , 
LINEl<I:I>=' I 

LINE2CI:I)=' I 

LINE3C I: I)=' , 
LINE4CI:I)=' , 

90 CONTINUE 
*-
*-
'I\: 

MCOL=XSPA*XSEC 
.* 
* start to create the line characters 

DO 100 I=2,MCOL+COL-l 
. LINE(I:I)='-' 

100 CONTINUE 
LINE<1:l>='I' 
L tNE (MCOL+COL: MCOL+COL) =' ! ' 



IF ( COL.EO.O) THEN 
XTOTAL=XSPA 

ELSE 
XTOTAL=COL 

EN[lJf 
[10 110 I=2,MCOL+COL-1 

IF (t.r.O.XTOTAL THEN 
LINEI (I: 1)='+' 
XTOTAL=XTOTAL+XSPA 

ELSE 
LINEl< I: 1)='-' 

ENDIF 
110 CONTINUE 

120 

LINEl<l:l)=' I' 
L INEI (MCOI.+COL: MCOL+COL) =' I ' 
IF ( CONI.EO.I ) THEN 

ELSE 

ENIIIF 

XTOTAL=COL+XSPA 

IF ( COL.F.O.O) THEN 
XTOTAL=XSPA 

ELSE 
XTOTAL=COL 

ENIIIF 

DO 120 I=2,MCOI.~COL-l 

IF ( T.r.O.XTOTAL) THEN 
LINE2( I: J)=/+' 
XTOTAL=XTOTAL+XSPA*2 

ELSE 
LINE2(I:I)='-' 

ENIIIF 
CONTINUE 

LINE2<l:l)=' I' 
If ( r.OL.NE.O) THEN 

LINE2(COL:COL)='+' 
ENDlr 
LINE2(MCOI.+COL:MCOL+COL)=' I' 
IF ( CONl.EO.l ) THEN 

ELSE 

ENDIF 

XTOTAL=COL+XSPA 

IF ( COL.EO.O) THEN 
XTOTAL=XSPA 

ELSE 
XTOTAL=COL 

ENIIIF 

DO 130 J=2,MCOL+COL-l 
IF (T.tO.XTOTAL THEN 

LINE3( I: 1)=' I' 
LINE4( I: !)=' I' 
XTOTAL=XTOTAI.-(XSPA*2 

ELSE 
LINE3(T:J)=' , 
LINE4( I: 1)=' , 

ENDIF 
~ 130 CONTINUE 

LINE3(1:l)='I' 
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L INe3 (MCOt+COL: MCOL+COL) = I I I 

LINE4(1:1)=/I' 
tINE4(MCOL~COL:MCOL+COL)=' I' 

IF ( COL.NE.O) THEN 

ENIIIF 

, RETURN 
END 

t.INE3<COt.:COL)=' I' 
LINe4(COL:COL)=/I' 



9.3.13 SUBROUTINE: COR 

SUBROUTINF COR(CNODE,I,BULB,ASAC,LtN) 

PARAMETER 
~ NODNUM=JOO,LINNUM=150,INTNUM=lO 

INTEGER 
& RUNIT] ,RUNIT2,WUNITl,WUNIT2,CNODE,COLINK,CODE, 
~ BULB,ATTLIN,C 

REAL 
& LLIN~(,I.ROAD,LENGTH,~{M,ACIR(2) ,AEXC(2) ,H(2) ,LEN 

COMMON 
& 
& 
& 
o 
.r 

& 
& 

IAREA2/NNODE,NTVPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
ANGLE(NODNUM),RCURB 
IAREA3/NI.INK,NODEICLINNUM),NODE2CLINNUM),LLINKCLINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA2G/ADJWD(LINNUM,2),AINTSCNODNUM),ALINK(LINNUM) 
IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUM) 

ASAC=O.O 
LEN=O.O 

DO 222 MM=1,2 
ACIR01M)=O.O 
H(MM)=O.O 
AEXC(MM)=O.O 

222 CONTINUE 

PI=ACOS(-J .0) 

DO 111 J=l,BULB 

IF .J.GT.1 ) THEN 

IF ( CNODE.EG.NODE1(I) 
CNODE=NODE2(I) 

ELSE 
CNODE=NODF.ICI) 

ENDIF 

ENDIF 

RAD=O.5*RADIUS(CNODE) 

) THEN 

* FIND THE AREA FOR A 1/2 CIRCLE ( BECAUSE OF THE SYMMETRY OF THE CURVE) 

~ * APPLYING HERON'S FORMULA TO FIND THE HEIGHT OF THE TRIANGLE 



PROGRAM LISTING 

Sl=O.5*(WROAD(I)+RADIUS(CNODE» 

*. ERROR r.1·:F.C~{ ING 

IF ( Sl.LF..WROAD(I) .OR. Sl.LF..RAD) THEN 

WRITE(S,250) 

ENDIF 
ATRI=(Sl*(SJ-WROAD(I»*(Sl-RAD)*.(Sl-RAD»*.*O.S 
H(J)=ATRI/WROAD(I)*2.0 

*. FIND THE AREA OF T.HE SECTOR 

ANG=2.0*ATAN(WROAD(I)/2.0/H(J» 
ASEC=O.5*ANG*RAD**2.0 
AEXC(J)=ASEC-ATRI 

III CONTINUE 

*- AREA OF THE STRAIGHT PART OF THE CURVE 

ROAD=LLtNK(I)-H(1)-H(2) 
AEND=ROAD*WROAD(I) 
LEN=LL IN~{ ( I) 

*. AREA OF THE CURB 

ACUB=O.125*PI*CURB**2.0 

*. AREA OF -:n:E WHOl.E CURVE 

250 

ASAC=AEND+ACtR(1)+ACIR(2)-AEXC(1)-AEXC(2)-BULB*.ACUB 

RETURN 
END 

FORMAT (II,'ERROR FROM THE COR ROUTINE',II) 

P.'3'3e B-177 
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B.3.14 SUBROUTINE: CORCHK 

SUBROUTTNR CORCHKCORIGIN,BRANCH,NBL,BULB) 

*****************************************************************~******~ 
*- * * CORNER CHEC.{ *-
*- * 
~**~*~~*~**~***~~******~**~~~~~~~~~~~~~~~************~**~**~****~~***~***-

* * ." 
"* * 
"* * 
* :A: 

"'
*-
*-
* *-
*-

* *-
*-
*-

* 
~ 

* 

NTYPF. 
C1. IN.' 
CNOrrF. 
PATH 

NBL 

_. n CI d P. t Y P e • 
clJrrp.nt link ir, the memory. 
currp.nt nodp. in the mp.mory ( alway$ reter$ to a type 2 node ). 

- the links between two inter$ection$ or intersection/dead 
pnd/cu]-de-s.3C 

- number of links between two intersections or intersection/de~~ 
Fi?r,d/cu I-de-s.'3c 

ORIGIN - the origin of the trace 
BRANCH - the br~nch of the origin node 
Nl - nrjgin nodp. of a given link 
N2 - dest. norie of a given link 
BULB - ~ f13g jndjc~te<; the bulb curve(s) found. 
1. - loop counter 

PARAMETER 
& NODNUM= 100, J. JNNUM= 150, INTNIJM= 1 0 

INTEGER 
I CLINK,CNOnR,PATH,BRANCH,ORIGIN,BULB 

COMMON 
&: 
& 
& 
& 
& 
& 

IARFA2/NNODE,NTYPE(NODNIJM),ELEV(NODNUM),RADIUS(NODNUM), 
ANGLE(NOrrNUM) 
IARFA3/NI.INK,NODE1(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUH),AREA(LINNUH) 
IAREA27/ATTLIN(NODNUH,4),EXIT(NODNUM) 
/AREA28/STRLEN(NODNUM,NODNUH,4),PATH(NODNUH,4,NODNUM) 

* set bulb/corner flag to zero 
BULB=O 

* * tracp. all thp. links betwp.en two inter$ection$ or inter$ection/dead 
~ end/cul-de-$3c ~nd find the bulb/corner 

DO 100 L=l,NBL 

CLINK=PATH(ORIGIN,BRANCH,L) 
~ find the origin and de$t. node 

Nl=NODEl (CI.. IN.<) 



PROGRAM LISTING 

N2=NO[lE2 (CL Im() 
IF ( NTYPE(Nl).EO.2 .OR. NTYPE(N2).EO.2 

A current node always r~fers to 3 type 2 node 
IF ( NTYPF(Nl).EO.2) THEN 

CNO[lE=Nl 
ELSE 

CNO[lE=N2 
ENDIF 

THEN 

~ check thp radius of the node, it the node has a radius, 
• then this is a corner/bulb 

100 
~ 

• 
* RETURN 

END 

ENDIF 
CONTINUE 

IF ( RADIUS(CNODE).NE.O.O) THEN 
8ULB=BULB+l 

ENDIF 

P::Ige B-179 
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B.3.15 SUBROUTINE: CORNER 

SUBROUTJNR CORNER(ORJGJN,DEST,BRANCH,NBL) 

************************************************************************* 
* * * CATCHBASIN AT TH~ CORNER * 
*- * ************************************************************************* 
* * * * NTYPF. -. node type. 
* Cl IN~( * CNODF. * PATH 

curr~nt link in the memory. 
currpnt node in the memory ( always refers to a type 2 node ). 

- the links between two intersections or intersection/de~d 

NBL - numbpr of links between two intersections or intersection/dead 
en,j/cul-de-s:ac 

ORIGIN - the ori9in node of the sequence of nodes comprising a street 
( one street may be composed of several links ) 

DEST - the dest node of the sequence of nodes comprisin9 ~ street 
( one street may be compos~d of several links ) 

BRANCH - the branch of the path 
STRCAT - number of c~tch-b~sins per street len9th ( city block ) 

( record the v."'llIJe<; irl the memory ) 
NI - ori9jn node of a 9jven link 
N? - d~<;t. nod~ of a 9iven link 
LENGTH - length of an spction of a street 
RLEN - <;tr~et len9th of an given link 
START - ~tartin9 link 
L - loop counter 

PARAMETER 
& NOl/NUM= J 00, I. TNNUM= 150, INTNUM= 10 

INTEGER 
& CLINK,CNOnF.,PATH,BRANCH,ORIGIN,DEST,START,STRCAT 

REAL 
& 

COMMON 
& 
& 
& 
& 
& 
& 
& 
& 

LENGTH 

IARFA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
ANGLE(NODNUM) 
IARFA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUH) 
IARF.A28/STRLEN(NODNUH,NODNUM,4),PATH(NODNUM,4,NODNUH) 
IAREA30/CBLEAD(4,2),CBDPTH(4),FLINK(NODNUH,4), 
BASINCNODNUM),CBCOS(NODNUM),LBASINCLINNUM),LCBCOSCLINNUM) 
,STRCAT(NODNUM,NODNUM,4) 
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*-
~ tr~ce ~]l th~ links between two intersections or intersection/d~ad * "?rI11/c\Jl-dl'?-s~c ~nd find the bulb/carrier 

LENGTH=O.O 
DO lO(~ L=l,NBL 

IF ( LENGTH.FQ.O )THfN START=L 
CLINK=PATH(ORIGIN,BRANCH,L) 

.It find JhE' origin ~nd dest. node 
NI=NODEI(CLINK) 
N2=NODE2 (CL IN~() 
IF ( NTYPE(Nl).EQ.2 .OR. NTYPE(N2).EQ.2 * current node ~lw~y~ refers to ~ type 2 node 

IF ( NTYPE(N]).EQ.2) THEN 
CNODE=Nl 

ELSE 
CNODE=N2 

ENDIF 

THEN 

* check th~ radius of the node, if the node h~s ~ r~dius, 
~ thl'?n thi~ t. a corner/bulb • 

100 
Ir 

A 
k 

IF ( RADIUS(CNODE).NF..O.O) THEN 
CALL CATNODE(CNODE) 
STRCAT(ORIGIN,DEST,BRANCH)=STRCAT(ORIGIN,DEST 

& ,BRANCH)+1 

RETURN 
END 

CALL CATLIN(ORJGIN,DEST,BRANCH,START,L,l,LENGTH) 
LENGTH=O.O 

ELSE 
CALL CHECKLfN(CLINK,SLEN) 
LENGTH=LENGTH+SLEN 

ENDIF 
ENItIF 
CONTINUE 



t'I<UljI<RM L.l~T l.NI.:i r.::I~~ V-J.,-.I .. :,J 

B.3.l6 SUBROUTINE: COUNTER 

SUBROUTINE COUNTER 

~'*'*'****-*'*************************************************************** '* '* '* COUNT NUMBER OF 3 WAY/4 WAY/CUL-DE-SAC/EXIT * 
'* '* 
'*********~**********************'***************************'**'****'**'**** 
* '* 
* * NDEAD - numher of dead-end. 

'* 
'* '* 
'* * *-
'* 
*-.;.. 

'* *-

NCUL - number of cul-de-sacs. 
N3WAY - numhpr of three way intersections. 
N4WAY - number of four way intersections. 
NEXIT - numhpr of pxits. 
RADIUS - radius of the cul-de-sac/tube sac 
NTYPF. - node type. 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER 
& EXIT 

COMMON 
& /AREA~/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 

~ RCURB 
& /ARFA~7!ATTLIN(NODNUM,4),EXIT(NODNUM) 

& /AREA4l/NCUL,N3WAY,N4WAY,NEXIT,NDEAD 

* set thp ~ountpr to zero 

* *-
* 

NCUL=O 
N3WAY=O 
N4WAY=O 
NEXIT=O 
NDEAD=O 

'* check the node type, and its radius for calculatin9 number of 
'* cul-de-sac/dead end/three w~y/four way/exit 

DO 100 N= 1, NNO[IE 
IF ( NTYPF(N).EG.3 .OR. NTYPE(N).EG.4) THEN 

IF ( NTYPE(N).EG.3) THEN 
IF ( EXIT(N).FG.l) THEN 

NEXIT=NEXIT+l 
ELSE 

N3WAY=N3WAY+l 
ENDIF 



PROGRAM LISTING 

100 
*. 
Ie 
*. 

RETURN 
END 

ELSE 
N4WAY=N4WAY+l 

END IF 
ENDIF 

IF ( NTYPB(N).~Q.l .OR. RADIUS(N).NE.O.O) THEN 
NCUL=NCUL+l 

ELSE 
IF (NTYPE(N).EQ.l THEN 

NDEAD=NDEAD+O 
ENOl!: 

ENDIF 
CONTINUE 
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B.3.17 SUBROUTINE: CULCHK 

SUBROUTINE CULCHKCI,CUL,NI,N2,LINKl,LEN) 

************************************************************************* 
* * * CUL-DE-SAC CHEC.' "* 
* * ************************************************************************"* 
* 
* * * NTYPE -- node type. 
"* ATTI.1N th~ links ~s50ciate with the 9iven node. ( NOTE: max. links c~n 

~tt~ch to th~ given node is 4 ) * 

* 
Ie 

* 

CLINK 
PNOOE 
CNODF 
WROAD 
LEN 
lImD 
L IN.'2 
NODE I 
NODE2 
N2 
NI 
CUL 
J 

- current link in the memory. 
- pr~viol.lc; rlode in the memor~' 
- current node in the memory 
- width of th~ ro~d of a 9iven link. 
.- tot.;:l] l~n9th J ird·:.s 
- th~ link between typ~ 2 node and others 
- the link between type I node and type 2 node 
- ori9in node of the current link. 
- d~st. node of the current link. 
- typP 1 node of the cul-de-sac 
- Clth~r type of node of the cul-de-sac 
- cul-de-c;~c type 2 node fla9 
.- ] 00 p co u rl t e r 

PARAMET.Er~ 

& NODNUM=100,I.1NNUM=150,INTNUM=IO 

INTEGER 
& ATTLIN,RUNITI,RUNIT2,WUNITI,WUNIT2,PNODE,CNODE,CLINK,CUL 

REAL 
& LL IN.', LEN 

COMMON 
& 
o 
a 

& 
& 
8 
& 

IAREA~/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 

ANGLECNODNUM) 
IAREA3/NLINK,NODEICLINNUM),NODE2CLINNUM),LLINKCLINNUM), 
UNITSCLINNUM),MULTICLINNUM),AREACLINNUM) 
IAREA4/LROADCLINNUM),WROADCLINNUM),TROADCLINNUM) 
IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUM) 

* set cul-d~-sac type 2 node fla9 and total len9th links to zero 
CUL=O 

1/ LEN=O.O 
Ie 



PROGRAM LISTING 

CL rm(", t 
k identi fy the previous node and current node 
:k CIJJ' r ~nt node .31 w.'tys refer s to .'3 ty pe 2 rlode 

* 
* * 

IF ( NTYPE(NOnB]CCLINK».EQ~2) THEN 
CNODE=NODEl(CLINK) 
PNODE=NODE2(CLINK) 

ELSE 

ENDIF 

CNODE=NODE2(CLINK) 
PNODE=NODE1(CLINK) 

* identify the type ot the previous node * it th~ node type is 1, then save the link between type 1 node 
~ and typ~ 2 node as LINK2 
* otherwise, save the link between type 2 node and other node type 
A'3s L IN~( 1 

LImn =() 

L ImC2=0 
IF ( NTYPF.CPNODE).EG.l) tHEN 

LINK2=CLINK 

100 
ELSE 

110 
ENDIF 

* 

DO 100 J=I,4 
CLINK=ATTLINCCNODE,J) 
IF C CLINK.NF..O .AND. WROAD(CLINK).NE.O.O 

IF ( CLINK.NE.LINK2) THEN 
LINKl=CLIN~{ 

ENDIF 
ENDIF 

CONTINUE 

L rma=CL IN~{ 
[10 110 J=1,4 

CLINK=ATTLINCCNO[lE,J) 
IF ( CLINK.NF..O .AND. WROAD(CLINK).NE.O.O 

IF ( CLINK.NE.LINKl) THEN 
LINK2=CLINK 

ENDIF 
ENDIF 

CONTINUE 

IF ( LINKl.NF..O .AND. LINK2.NE.O) THEN 
/( * tind the dest. node and ori9in node * dest. node 31w~ys refers to type 1 node 

* .* ori9in node 

/( 

IF ( NTYPE(NODEl(LINK1».EQ.2) THEN 
N1=NODE2(LINKl) 

ELSE 
N 1 =NODE l( LINK 1) 

ENDIF 

/( dest. node 

THEN 

THEN 



Ir. 

*-

IF C NTYPECNODEICLINK2».EG.2 THEN 
N2=NODE2 (1.. TN.(2) 

ELSE 
N2=NODEI (LTN.'2) 

END IF 

*- identify thp type of the street 

ENDIF 

RETURN 
END 

IF C RADIUSCN2).NE.O.O) THEN 
CUL=l 
LEN=LL IN~{ (1. INK 1 ) +LL IN." L INK2) 

ENDIF 
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B.3.1B SUBROUTINE: DEPTH 

SUBROUTTNF DEPTH (El,E2,PEl,PE2,Dl,D2,DPTH,DI) 
*~********************************************************************* 
* * 
~ SUBROUTINE DEPTH * 
* * * THIS SUBROUTINE CALCULATES THE APPROPRIATE DEPTH INDEX * 
* * *********************************************************************** 
* * El - GROUND ELEVATION OF ORIGIN NODE [NODEIJ (M) 

E2 
PEl 
PE2 
DI 

- GROUND ELEVATION OF DESTINATION NODE CNODE2J (M) 
- ELEVATION OF PIPE AT THE ORIGIN NODE (M) 
- ELEVATION OF THE PIPE AT THE DESTINATION NODE (M) 
- DEPTH INDEX (1 - 9) 

INTEGER DI,RUNIT1,RUNIT2,WUNIT1,WUNIT2 
COMMON IAREA21/RUNIT1,RUNIT2,WUNITl,WUNIT2 
Dl=El-PEl 
D2=E2-PE2 
DPTH=(Dl+D2)/2.0 
DI=INT(DPTH/O.S-4) 
IF(DI.LT.1) THEN 

DI=1 
ELSEIF (DT.G1.8) THEN 

DI=9 
ENnIF 
RETURN 
END 



PROGRAM LISTING 

B.3.1~ SUBROUTINE: DIAMTR 

SUBROUTINE DJAMTR (D,O,M,N,VMIN,VMAX,V) 
~~~**********~*******~**~**********~********************~~~*~********** 
*. * 
* SUBROUTINE DIAMTR I<. 

I<. '* * THIS SUBROUTINE USES THE DETERMINED DIAMETER TO * 
*. CALCULATE THE SLOPE REOUIRED TO MEET OR EXCEED THE ~ 

* MINIMUM EXCEPTABLE VELOCITY * 
*. *. 

*********************************************************************** 

* * D - DIAMETER OF PIPE (M) 
* 0 - REOUIRED FLOW IN PIPE (CMS) 

,L; 

M 
N 
VMIN 
HrlEPTH 
LDEPTH 
DEPTH 

PRCNT 
WP 
AREA 
R 
OEST 

DIFF 

v 

.. - stopF. OF PIPE 
- MANNING'S ROUGHNESS COEFFICIENT 
- MINIMUM FXCFPTABLE WATER VELOCITY WITHIN PIPE (MIS) 
- OVER-ESTIMATED VALUE OF DEPTH OF WATER IN PIPE (M) 
- UNDER-ESTIMATED VALUE OF DEPTH OF WATER IN PIPE (M) 
- ESTIMATED VALUE OF DEPTH OF WATER IN PIPE eM) 

(i.e. DEPTH = AVERAGE OF HDEPTH & LDEPTH) 
- THE PERCENTAGE THAT THE DEPTH IS OF THE DIAMETER 
- WETTED PERIMETER (M) 
- CROSS SECTIONAL AREA OF WATER IN THE PIPE (SO.M) 
- HYDRAULIC RAIUS (M) 
- AN ESTIMATE OF THE FLOW AT T~E ESTIMATED DEPTH 

USING MANNING'S EOUATION 
- THE DIFFERENCE BETWEEN THE ESTIMATED FLOW AND 

THE ACTUAL REQUIRED FLOW 
- ACTUAL VELOCITY OF WATER IN PIPE (MIS) 

REAL M,Nrl.nBPTH 
INTEGER RUNITl,RUNIT2,WUNITl,WUNIT2 
COMMON IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 

I<. DETERMINE THE DEPTH OF WATER IN THE PIPE BY OUESSING AT THE DEPTH 
* USING THE BISECTION METHOD AND COMPARING [OESTJ WITH [OJ 
* ICOUNT=O 
1005 HDEPTH=D 

LDEPTH=O.O 
1010 nF.PTH=(HDEPTH+LDEPTH)/2.0 

-Jr. 

PRCNT=ACOS«D/2.0-DEPTH)/(D/2.0»/3.14159 
WP=PRCNT*3.14159*D 
AREA=PRCNTA3.14159*D*D/4.0-CD/2.0-DEPTH)* 

& SaRT«D/2.0)**2-(D/2.0-DEPTH)**2) 
R=AREA/WP 
aEST=AREA*R**(2.0/3.0)*SORT(M)/N 

* DETERMINE IF rOESTJ AND raJ ARE APPROXIMATELY EQUAL * IF THEY ARE NOT WITHIN DEFINED TOLERANCES, THEN DETERMINE 
* IF rOEST) IS AN OVER-ESTIMATE OR AN UNDER-ESTIMATE 
-Jr. 

DIFF=(OEST-0)/«OEST+Q)/2.0) 
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"* 

TF(ABSCDTFf».LE.O.OOS) THEN 
GOT01020 

ENDIF 
IF(DIEF.LI.O) THEN 

LDEPTH=DEPTH 
ELSE 

HDEPTH=DEPTH 
ENDIF 

~ CHECK FOR AN ENDLESS-LOOP. 
~ - IF [HDEPTHJ AND CLDEPTHJ ARE APPROXIMATELY EQUAL, OR 
"* - IF eICOUNTJ IS GREATER THAN 999 ITERATIONS 
"* THEN EXIT THE ITERATIVE LOOP. 
~ 

P.3'3e B-189 

IF(ABS«HDBPTH-LDEPTH)/«HDEPTH+LDEPTH)/2.0».LT.0.0001) THEN 
GOTO 1030 

Ie 

ENDIF 
IFCICOUNT.GT.999) THEN 

GOTOI030 
ELSE 

ICOUNT=ICOUNT+l. 
ENII IF 
GOTO 1010 

~ CHECK THE WATER VELOCITY AND ENSURE THAT eVMINJ AND CVMAXJ * ARE MET BY ADJUSTING THE SLOPE 
"* 
1020 V=R**C2.0/3.0)*SQRT(M)/N 

IF(V.tT.VMIN) THEN 
M=(VMIN*1.001*N/R*~(2.0/3.0»)"*~2 
GOTO 1005 

ELSEIF(V.GT.VMAX) THEN 

ENDIF 
1030 

END 

M=(VMAX*0.999~N/R*"*(2.0/3.0»**2 
GOTO 1005 

RETURN 
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9.3.20 SUBROUTINE: DHAKER 

SUBROUTINE DMAKERCCNODE,QUAN,LINK) 

***************************************************************-*-*-**********, 
*-* DECISION MAKER 
*
*********************************************************************-**-*-***~ 
* * * *-
*-
*-
"-
*-
*-
*-
*-
* 
*-
* 
*-
*-
*-
* 
'" * 
* 

*

* ,\; 

ATTLIN 

CLlm~ 

CNOn!:: 
NTYPF 
TROAn 
EXIT 
NCOL 
QUAN 
L TNI< 
IJROAD 
CUt.. 
Nl 
N2 
J,N 

- the links associate with the current node. ( NOTE: max. link C3 r 

~tt~ch to th~ current node is 4 ) 
rurrpnt link in the memory. 

- curr@nt node in the memory. 
-- node type. 
- typP of road/str@@t 
... f':-: j t, nC'lde. 
- numb~r of collector streets 
- number C'lf si9ns/li9hts/manholes at the node ( loop controller ) 
- ~tor@s the coll@ctor/major local link 
- road width of a 9iven link 
- fl~9 indicat@s cul-de-sac 
- origin node of the current link. 
- de~t. nod~ of the current link. 
-. J oop cC\l.Jnter 

PARAMETER 
I NODNUM=JOO,LINNUM=150,INTNUM=lO 

INTEGEr< 
& 

COMMON 
& 
& 
& 
& 
& 
& 
& 

CLINK,CNODE,QUAN,LINK(3),ATTLIN,TROAD,EXIT,CUL 

IAREA~/NNnnE,NTYPE(NODNUM),ELEU(NODNUM),RADIUS(NODNUM), 
RCURB 
IARFA3/NLJNK,NODEI(LINNUM),NODEi(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM>,AREA(LINNUM) 
IAREA4/LROAD(LINNUM),IJROAD(LINNUM),TROAD(LINNUM) 
IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUM) 
/AREA28/STRLENCNODNUM,NODNUM,4),PATHCNODNUM,4,NODNUM) 

* set the ~01Iector/m3jor local link to zero 
LIN.Ul)=O 
LIN.n2)=O 
LINK(3)=O * set collector street counter to zero 
NCOL=O 
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"* * count number of collector streets 
[10 100 J=1,4 

CLINK=ATTLJN(CNODE,J) 
IF ( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O) THEN 

IF ( T~OAO(CLINK).Ea.1) THEN 
NCOL=NCOL+1 

ENDIF 
ENDIF 

100 CONTINUE 
*. 
*. 
*. 
*. determine the collector/major local link 

IF ( NCOL.GE.l) THEN 

120 
110 

130 

140 
It 

IF ( NCOL.GE.2) THEN 
DO 110 N=l,aUAN 

ELSE 

DO 120 J=1,4 
CLINK=AT.TLTN(CNODE,J) 
IF ( CLINK.NR.O .AND. WROADCCLINK).NE.O.O THEN 

Nl=NODEI CCLImO 
N2=NODE2(CLINK) 
IF ( TROADCCLINK).EO.1) THEN 

IF ( EXIT(N1).Ea.0 .AND. EXIT(N2).Ea.O THEN 
IF ( LINK(I).NE.CLINK) THEN 

LIm{(N)=CLIN~{ 

ENDIF 
ELSE 

LINK(3)=CLINK 
ENDIF 

ENDIF 
ENDIF 

CONTINUE 
CONT.INUE 

IF ( allAN. F.G.] ) THEN 
DO 130 J=1,4 

CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O) THEN 

IF C TROAD(CLINK).EO.l THEN 
LINK <1 ) =CL INK 

ENDIF 
ENDIF 

CONTINUE 
ELSE 

DO 140 J=1,4 
CLINK=ATTLIN(CNODE,J) 
IF-( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O THEN 

IF ( TROAD(CLINK).EO.1) THEN 
LINK <1 ) =CL INK 

ENDIF 
ENDIF 

CONTINUE 

DO ISO J=I,4 
CLINK=ATTLTN(CNODE,J) 
IF ( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O) THEN 



150 

170 
160 

ELSE 

Nl =NOnEI (CL II'H() 
N2=NODE2 (CI. IN~() 
IF ( NTYPF(N]).EQ.2 .OR. NTYPE(N2).EQ.2 THEN 

CALL CULCHK(CLINK,CUL,Ml,M2,M3,A) 
IF ( CUL.F.Q.O) THEN 

L HH( ( 2 ) = C LIN ~~ 
ELSE 

L IN~{ (3) =CL IN~{ 
ENnIF 

ELSE 
L IN~{ (3) =CL Im( 

ENDIF 
ENDIF 

CONTINUE 
ENnIF 

ENnIF 

DO 160 N=J ,QUAN 
DO 170 J=I,4 
CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NF.O .AND. WROAD(CLINK).NE.O.O) THEN 

N 1 =NODE 1 (CL Im{) 
N2=NODE2 (CJ. INK) 
IF ( NTYPE(Nl).EQ.2 .OR. NTYPE(N2).EQ.2 THEN 

CALL CULCHK(CLINK,CUL,Ml,M2,M3,A) 
IF ( LINK(]) .NF..CI,IN~{ .AND. CUL.EQ.O) THEN 

L IN~{ (N) =CL IN~( 
ELSE 

L Im( (3) =Cl. IN~{ 
ENnIF 

ELSE 
LIN~(3)=CLIm{ 

ENnIF 
ENDIF 

ENnIF 

CONTINUE 
CONTINUE 

IF ( LINK(l).F.Q.O .AND. QUAN.EQ.l) THEN 
L IN~{ ( 1 ) =L II'H{ (3) 

ENDIF 

IF ( LINK(2).FQ.0 .AND. LINK(l).NE.O .AND. QUAN.EQ.2) THEN 
L IN~{ (2) =L INK (3) 

ENII IF 

IF ( LINK(2).FQ.0 .AND. LINK(l).EQ.O .AND. QUAN.EQ.2) THEN 
DO 180 N=l,QUAN 

DO 190 J=I,4 
CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NF.O .AND. WROAD(CLINK).NE.O.O) THEN 

IF (LtNK(I).NE.CLINK THEN 
LINK(N)=CLINK 

ENDIF 
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190 
180 

ENDIF 

ENDIF 
CONTINUE 

r.ONTINUE 

IF ( NTYPE(CNODE).EQ.5) THEN 

200 
ENDIF 

* RETURN 
END 

DO 200 J=1,4 
CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NE.O) THEN 

IF (LINK(l).NF..CLINK THEN 
LINK(l)=CLINK 

ENDIF 
ENDIF 

CONTJ:NUE 
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B.3.21 SUBROUTINE: D"AKER2 

SUBROUTINF DMAKFR2(CNODE,DUAN,YEILD,STOP,LINK) 

~~*~~~****~******~***~*~~*****~******~~*****~*~********~*~***************~~ 
~ 

~ DECISION MAKER 

* *****~*********~**********************************************************+ 

'* *. 
~ 

PARAMETER 
8 NODNUM=100,LINNUM=150,INTNUM=10 

INTEGER 
8 
& 

COMMON 
& 
& 
8 
& 

CNODF,aUAN,LINK(3),ATTLIN,TROAD 
,YEILD,STOP,CLINK 

IARFA'INNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
RCURB 
IARFA8/NJ. rm(, NODE 1 <L INNUM) , NODE2 (L INNUM) , L 1. Im( (L INNUM) , 
UNITS(LTNNUM),MULTJ(LINNUM),AREA(LINNUM) 
IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREA27/ATTLIN(NODNUM,4),EXITCNODNUM) 
IAREA28/STRLENCNODNUM,NODNUM,4),PATHCNODNUM,4,NODNUH) 

* ~et th~ lora] link to zero 
Llm(1 )=0 

:.'; 

* * 

LHH(2)=O 
Llm(3)=O 

* determine the local link 

110 
100 

IF ( YEI1.D.Ea.l) THEN 
IF ( STOP.EG.O) THEN 

[10 100 N=I,QUAN 

ELSE 

DO 110 J=1,4 
CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O 

IF ( TROAD(CLINK).EQ.2) THEN 
IF ( LINK(l).NF..CLINK) THEN 

LIN.«N)=CLlm( 
ENDIF 

ENDIF 
ENIIIF 

CONTINUE 
COWI'INUE 

[10115 J=1,4 
CLINK=ATTLJN(CNODE,J) 

THEN 
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115 

ELSE 

130 
120 

ENDIF 

* RETURN 
END 

IF ( CLINK.NE.O .AND. WROAD(CLINK).NE.O.O) THEN 
IF ( TROAD(CLINK).EQ.2) THEN 

LIm, ( 1 ) =CL INK 
ELSE 

LIN.' (2) =CL IN.' 
ENDIF 

ENDtF 
CONTINUE 

ENDIF 

DO 120 N=I,QUAN 
DO 130 J=I,4 

CLINK=ATTLIN(CNODE,J) 
IF ( CLINK.NB.O .AND. WROAD(CLINK).NE.O.O THEN 

IF ( TROAD(CLINK).EQ.l) THEN 
IF ( LINK(l).NE.CLINK) THEN 

I. IN.C (N) =CL IN.C 
ENDIF 

ENDIF 
ENDIF 

CONTINUE 
CONTINUE 
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B.3.22 SUBROUTINE: DRAIN 

SUBROUTINF DRAINCCNODE,CLINK,FLAG) 

*************************************************************************** * 
* DRAIN 
Ie. 
1e.1e.**Ie.*Ie.Ie.Ie.*Ie.Ie.*****************Ie.******************Ie.*Ie.***********Ie.Ie.Ie.*Ie.Ie.***Ie.***
*-
*-
Ie. 

* Ie. 
Ie. 
:I<. 

CNOIIF. 
PNODE 
ATTLIN 

-- CI_Ir r e:ont rlode i. n the memor y. 
- pr ~v i oue; rlodl;! in the nlemor y. 

the links ~ssoci~te with the 9iven node. ( NOTE: m~x. links can 
~tt~ch to the 9iven node is 4 ) * CL IN~( 

Ie. FLAG 
- curre:ont link i.n the memory. 
- a fla9 indicates the direction of the drainage flow. 

* 
:I<. 
:I<. 

:I<. 

*
*
k. 

*
-It. 

*-
*-

Ie. 

* Ie. 

when FI.AG = 0 me.3ns flow OIJt 
FLAG = I means flow in 

NODE] - ori9in node of the current link 
NODE2 - d~~t. node of the current link 
ELEV - 9round elevation of a 9iven node 
LINK - thp link ~ssociatl;!d with type 2 node 
WROAD the ro~d width of ~ current link 
RADTUS - thp r.3dius of the cul-de-s:3c/t'IJlb clJrve/tlJbe s~c 

PARAMETER 
& NODNUM=lOO,I.INNUM=150,INTNUM=lO 

INTEGER 

REAL 
& 

COMMON 
&: 
& 
& 
& 
& 
& 
I 

CNODR,PNODE,CLINK,FLAG,ATTLIN 

LL rm{, I.ROAD 

IAREA2/NNODE,NTYPECNODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
ANGLECNOIlNUM) 
IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINKCLINNUM), 
UNITSCLINNUH),MULT!(LINNUM),AREACLINNUM) 
IAREA4/LROAIICLINNUM),WROADCLINNUM),TROADCLINNUM) 
IAREA21/RUNIT1,RUNIT2,WUNITl,WUNIT2 
IAREA2'/ATTLINCNODNUM,4),EXITCNODNUM) 

Ie. set the:o flow f139 to ne9ative one 
FLAG=-l 

Ie. determine:o the rrevious node 
IF ( NOIlEl(CL1NK).EQ.CNOIlE) THEN 

PNOIlE=NODE2CCLINK) 
ELSE 
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PNODE=NODEICCLINK) 
END IF 

* if the curr@nt node i$ type 1, ~nd the previous node is type 2 * th~n this is ~ cul-de-s~c, sinc~ this type 2 node will * not h~~e ~ny @levation. Therefore, we must tr~ce to another 
Jr. preViUlJS node 

IF C NTYPR(CNODE).FQ.1) THEN 
IF ( RADIUS(CNODE).NR.O.O .AND. NTYPE(PNODE).EQ.2 THEN 

N=PNODE 
DO 100 J=1,4 

LINK=ATTLIN(N,J) 
IF ( LINK.EQ.O .OR. WROAD(LINK).EQ.O.O GOTO 100 
IF ( CLINK.NE.LINK) THEN 

IF (NODE1(LINK).EQ.N THEN 
PNODE=NODE2(LINK) 

ELSE 
PNODE=NODEI(LINK) 

ENDIF 
ENDIF 

100 CONTINUE . 
ENDIF 

ENDIF 
comp~r@ the elevation of the or191n node and 
deterruine the dr~inage flow condition 
IF ( ELEU(CNODE).GT.ELEU(PNODE» fLAG=O 
IF ( ELEU(CNODE).LT.ELEU(PNODE» FLAG=l 

RETURN 
END 

dest. node 

.; 
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B.3.23 SUBROUTINE: DSSDPTH 

SUBROUTINE DSSDPTH(CLINK,DPTHl,DPTH2) 

*********************************************************************** 
* * * SUBROUT INE DSSDPTH * 
* * *********************************************************************** 
* 
* * * XXXXXX-
* ATTLIN the link5 ~s50ci~te with the 9iven node. ( NOTE: m~x. link car * ~tt~ch to the 9iven node is 4 ) * CLINK ~urrent link in the memory. * CNODE - current node in the memory. 
A DS - ~ub5crjpt. * DSLINK - domestic sewer elev. of ~ 9iven link. * NODE I - origin node of the current link. * NODE2 - dest. node of the current link. * DPTHI the depth of excavation ~t origin node. * [IPTH2 _. the depth of e:·:c ::lV~t i orl ::It des t. rlod e. * J - loop counter 

* 
* * 

* * * 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=lO 

INTEGER 
& ATTY. IN, CNODP r CI. JNf(, [IS 

COMMON 
& 
& 
& 
& 
& 
& 
& 

IAREA2/NNOn~,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
ANGLE(NODNUM) 
IAREA3/NI.INK,NODEl(LINNUM),NODE2(LINNUM),LLINKCLINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUM) 
IAREA32/SSLINK(NODNUM,4),AVEDEP(LINNUM),DSLINK(NODNUM,4) 

* s~ve the orl9ln node 
CNODE=NODE1(CLINK) 

* * find the correct subscript to store the current link's 
* rlomp.~tic sewer elev. 

DO 100 J=I,4 
IF ( ATTLIN(CNOD~,J).Ea.CLINK) THEN 

[IS=J 
EN[I IF 

100 CONTINUE 
DSLINK(CNODE,DS)=ELEV(CNODE)-DPTHI 
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-Jr. 

,\; 

A: 
,\; s~ve dpst node 

CNODE=NODE2(CLINK) 
Jc 
,\; find thp corrpct subscript to store the current link's 
,\; dome~tic sewer elev. 

DO 110 J=I,4 
IF (ATTLIN(CNODE,J).EQ.CLINK THEN 

DS=J 
ENDIF 

110 CONTINUE 
DSLINK(CNODE,DS)=ELEV(CNODE)-DPTH2 

RETURN 
END 

p :~'3e £1-199 



( 
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8.3.24 SUBROUTINE: FINDPATH 

SUBROUTINE FJNDPATH(N,J,C) 

PARAMETER 
& NODNUM=100,LINNUM=150,INTNUM=10 

INTEGER 
& RUNIT1,RUNIT2,WUNITl,WUNIT2,ATTLIN,PATH, 
& S,Z,C,EASE 

REAL 
& LLINK,LROAD,LENGTH,KM 

COMMON 
& 
& 
& 
& 
~ 

& 
& 
& 
& 

IARFA~/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 

ANGLE(NODNUM) 
IAREA3/NLJNK,NODE1(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTICLINNUM),AREACLINNUM) 
IARFA4/LROADCLINNUM),WROAD(LINNUM),TROADCLINNUM) 
IAREA21/RUNITl,RUNIT2,WUNITI,WUNIT2 
IAREA26/ADJWDCLINNUM,2),AINTSCNODNUM),ALINKCLINNUM) 
IAREA27/ATTLIN(NODNUM,4),EXIT(NODNUM) 
IAREA2S/STRLENtNODNUM,NODNUM,4),PATHCNODNUM,4,NODNUM) 

* CLEAR THE EASEMENT FLAG 
EASE=O 

* STARTING NonE 
10 S=N 

* COUNTER ( NUMBER OF THE LINKS) 
C=O 

* CURRENT L IN~( 
L=ATTLIN(S,J) 

IF ( L.~Q.O) GOTO 110 
~ NO SUCH LINK EXIST 

50 IF ( WROADCL).FG.O.O .AND. C.EQ.O) THEN * DETECTED AN EASEMENT ( ATTACHED TO THE TYPE 3,4) 
J=J+1 
IF ( J.GF..5) THEN 

EASE=O 

ELSE 

ENDIF. 
ENDIF 

C=C+l 
PATH(N,J,C)=L 

GOTO 110 

EASE=l 
GoTo 10 

IF ( NODEl (1-) .F.G.S THEN 
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S=NODE2(L) 
ELSE 

S=NODE1(L) 
END IF 

IF ( NTVPF.CS).NE.2 
~ TYPE ~ NODE COMES HERE 

GOTO 110 

* DETER~JNE THE NEXT LINK ( DOES EASEMENT ATTACH TO THIS NODE? 
DO 14(1 NN= 1,4 

140 

110 

~ EXCHANGE 

120 

ENDIP 

RETURN 
END 

IF ( ATTLINCS,NN).EQ.O GOTO 140 

IF ( ATTLIN(S,NN).NE.L) THEN 
IF (WROADCATTLINCS,NN».NE.O.O THEN 

. Z=NN 
ENDIF 

ENDIF 

CONTINUE 

L=ATTLINCS,Z) 

GOTO 50-

Jf' F.ASE.F.Q.l THEN 

no 120 MM=l,C 
PATHCN,J-l,MM)=PATHCN,J,MM) 
CONTINUE 

J=J-l 



r 
./ 

B.3.25 SUBROUTINE: GOGRAD 

* 

SUBROUTINE GOGRAD (BASE,GROWTH,INTRST,N,PWORTH,AWORTH,FWORTH) 

REAL INTRST 

RATE=INTRST/]OO.O 
GDRATE=GROWTH/IOO.O 

tF ( GDRATE.F.Q.RATF.) THEN 
PWORTH=DASE*N/(l.O+GDRATE) 

ELSE 

ENDIF 

IF ( GDRATE.GT.RATE) THEN 
W=(1.0+GDRATE)/(1.O+RATE)-1.O 
PWORTH=BASF./(l.O+RATE)*«(l.O+W)**N-l.O)/W) 

ELSE 
W=(l.O+RATP)/(l.O+GDRATE)-l.O 
PWORTH=BASE/(l.O+GDRATE)*«(l.O+W)**N-l.O)/(W~«l.O+W)**N») 

ENDIF 

* find the future worth 
FWORTH=PWORTH*(l.O+RATE)*~N 

* find the ~nnual worth 
AWORTH=UNFORM(INTRST,N,PWORTH) 

RETURN 
END 
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£1.3.26 SUBROUTINE: GRAPH 

SUBROUTINE GRAPH(REVMAX,REVMIN,TCOS) 

*********************************************************************** 

* * * GRAPH * 

* * *-********************************************************************** 
* 
*. 
*. 
*. 

* * * * * *. 

* * * *. 

* *. 

* *. 

* I<. 

* * *. 

*
*: 

*' * *-

* * *. 
*. 

* *. 
*. 

XSPA - number ot spaces in each horizontal section. 
XSEC - number ot horizontal sections. 
XTOTAL - horizontal spacing counter. 
YSPA - number of ~pace~ in each vertical section. 
YSEC - numb~r of vertical sections. 
YTOTAL - vertic~l ~pacing counter. 
MROW - m~x. rows. 
Meal - max. columns. 
COL - ~tarting column. 
LENGTH - length of th@ phase/sentence. 
SLOPE .. slope ot the gr.~ph. 

FRONT - numb@r ot ~p~ces in front of the phase/sent@nce. 
LINE - line characters 
YNAME - vertic~l ph~~e/~@nt@nce of the graph. 
XNAME - horizontal phase/sentence of the graph. 
TITLE tttl@ ot the graph. 
SIDE - one ~haracter. 
TCOS - (total construction cost+assume cost) / total frontage 
Rf.'JMAX - 01.;\)(. r~venIJe. ( $/01 ) 
REVMIN .. mir,. revenue. ( $/01 ) 

INVMAX - m~x. inve~tment rate of return. 
INVMIN - min. investment rate of return. 
XNUMB - hori~ont~l numbering system. 
XVAL - revenue per horizontal section. 
XVALI - r~v@nue per column. 
YVAL - investment rate ot return per vertical section. 
YVALI - investment rate of return per row. 
X,Y,I, 
J,L,K .. loop counter 

INTEGER Y,X,COL,YSPA,XSPA,YTOTAL,XTOTAL,YSEC,XSEC, 
& FRONT,WUNITI 

REAL INVMAX,INVMIN,XNUMB(IS) 

CHARACTER LINE*132,YNAME*.SS,XNAME*132,TITLE*132,SIDE*.1 

COMMON 
& /AREA~1/RUNIT],RUNIT2,WUNITl,WUNIT2 

TITLE='INVESTMENT RATE OF RETURN versus REVENUE' 
XNAME='REVENUE ( $ per meter ) , 

$/01 



rRU'.lRHn J...L~.L J.nI'.l 

YNAME='TNVESTMENT RATE OF RETURN ";' 

• .1, cor,trol v.3ri.;:Ihlec:-, 
COL=.' 1 

"* 
"* 

YSf'A=~; 

XSP~)=10 

XSEC=lO 
YSEC=lO 

*- find th~ maximin Y-value 
INVMTN=(RTIVMTN-TCOS)/TCOS*lOO 
INVMAX=(REVMAX-TCOS)/TCOS:II:IOO 

* set up th@ ~oordjnate system 
MROW=YSPA:II:YSEC 
MCOL=XSPA*XSEC 
XVAL=(REVMAX-REVMJN)/(XSEC) 
XVALl=CneVMAX-REVMIN)/MCOL 
YVAL=(INVMAX-O.O)/(YSEC) 
YVAL1=(tNVMAX-0.0)/MROW 

*
*. 
*. 

I , 

*. find thp ]pn9th of the title, and the startin9 point 
LENGTH=LEN('INVESTMENT RATE OF RETURN versus REVENUE ') 
FRONT=INTCCMCOL-LENGTH)/2.0)+1 
[10 90 I=l,FRONT 

T !TLE=' 'I IT TTLE 
90 CONTINUE 

-1-. 

*
*-

WRITE (WUNJTl,205) 
WRITr. (WUNITl,230) TITLE 
WRITE (Wl.INTTJ ,240) 

*: 50:-: 120 
*- find thp Ipn9th of the phase, and the startin9 point 

LENGTH=LENC'INVESTMENT RATE OF RETURN "7. • ') 
FRONT=MROW-INT«MROW-LENGTH)/2.0)+1 

YTOTAL=YSPA*YSEC 
J=O 
L=O 
DO 100 Y=MROW+l,l,-l 

DO 110 I=COL,132 
LINE(I:I)=' , 

110 CONTINUE 
:II: 
:II: draw thp vertical 9rid 

* XTOTAL=XSPA+COL 
DO 113 X=COL+l,MCOL+COL+l 

IF ( X.EQ.XTOTAL) THEN 
LINE(X:X)=':' 
XTOTAL=XTOTAL+XSPA 

ENIIIF 

6'~',jt:' v-,;;.v.., 
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113 CONTINUE 
,\; 

,\; draw th~ Y-axis 
print th~ v~rtical phase 
IF ( Y.L~.PRONT) THEN 

L=L+l 
IF ( L.}, T. I.F.NGTH) THEN 

SIDE(l:l)=YNAME(L:L) 
ELSE 

SIDE ( 1 : 1 ) = ' , 
ENDIF 

ELSE 
SIDE<1:1)=' , 

ENDIF 

IF ( Y.EQ.YTOTAL ) THEN * draw th~ horizontal grid 
XTOTAL=XSPA+COL 
DO 115 K=COL+l,MCOL+COL+l 

IF ( K.EQ.XTOTA~) THEN 
LINE 0(: 10 =' +' 
XTOTAL=XTOTAL+XSPA 

ELSE 
LINE(K:K)='-' 

ENDIF 
115 CONTINUE 

* 

VAL=(INVMAX)-YVAL*J 
LINE(COL:COL)='+' 
YTOTAL=YTOTAL-YSPA 
.1=J+l 

ELSE 
LINE(COL:COL)=' I' 
VAL=O 

ENDIF 

,\; c31culat~ the coordinate 

DO 120 I=O,MCOL 
RATE=(REVMIN+IAXVAL1-TCOS)/TCOS*100 
IF ( INT(RATE/YVAL1).EQ.(Y) ) THEN 

LINE(I+COL:I+COL)='A' 
ENDIF 

120 CONTINUE 

* * IF ( VAL.NE.O.O) THEN 
WRITE (WUNtTl,210) SIDE,VAL,LINE 

ELSE 
WRITE (WUNIT1,200) SIDE,LINE 

ENDIF 
100 CONTINUE 

* * * A draw the X-axis 
SIDE<l:l)=' I 

XTOTAL=XSPA+COL 
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LINE(COL:COL)='L' 
DO 150 X=COI.i] ,MCOL+COL+l 

IF ( X.EQ.XTOTAL) THEN 
LINE(X:X)=':' 
XTOTAL=XTOTAL+XSPA 

ELSE 
LINE(X:X)='.' 

ENDIF 
150 CONTINUE 

WRITE(WUNITl,210) SIDE,O.O,LINE 

DO 160 I=l,XSEC+l 
XNUMB(I)=RF-VMIN+(I-l)*XVAL 

160 CONTINUE 
WRITE (WUNJTl,220) (XNUMB(I),I=1,XSEC+l) 

* A find th~ l~ngth of thp phase, and the starting point 
LENGTH=LEN('RBVENU~ ( S per meter) ') 
FRONT=TNTCCMCOL-LENGTH)/2.0)+1 
DO 170 I=I,FRONT 

XNAME=' '//XNAME 
170 CONTINUE 

* A 

WRITE (WUNTT],~30) XNAME 

SLOPE=(INVMAX-TNVMIN)/(REVMAX-REVMIN)/IOO 

* output thp slope 

200 
205 
210 
220 
230 
240 
250 

* A 

* 

WRTT~ (WUNITl,250) SLOPE 

RETURN 
END 

FORMAT (]X,lX,Al,8X,A122) 
FORMAT ('I') 
FORMAT (]X,lX,AI,1X,F6.1,lX,AI22) 
PORMAT (lX,7X,I5(F6.0,4X» 
FORMAT (lX,I,10X,A122) 
FORMAT (I) 
FORMAT (lX,II,15X,' IRR =',lX,GII.4,lX,'x (REVENUE) - 1') 

/ 
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B.3.27 SUBROUTINE: GROUPI 

SUBROUTINR GROUP](NUMLNK,LINKS,CHONUM,CHOLNK,NUMNOD,TBTRY) 

~ **************************************************~********** 
k * This subroutine ~ssoci~tes 'frem' ~nd 'to' links in * * ~ groups .3nd ther. sorts the groups. * 
* ******~*******************************************-*********** * * Nt -rm< =r.lJmber of 1 inks. 
~ * NTYPR =typ~ of node. * * EL~V =ground @l@v~tions of nodes. 
~ * NOnE] =high node of link. 
• • NOn~2 =low node of link. * * REFNOD=node currently being referenced. • * REFLNK= I ink c'Jr r@nt I y bei ng refer enced. 
k * CHONUM=number of choices m~de in determining correct ~ssoci~tion5. * * PATHS =link numbers of links ~dj~cent to REFNOD. * * X,XI-X7,V,VI,V2=miscell~neous use. * * CHECK =holds which links are in syst@m being ev~luated. * k SRTIDX=index into sort ~rray. * * SORT =~rr~y for sorting. 
* k LTGTJ,tIST2=arrays for sorting. * * NUMNOD=number of nod@s involv@d in system being evaluated. * * NODES =which nodes are in system being evaluated. 
~ A -(index,I-5). 
* * -1 i~ th~ identity of the node. * A -(2-4) ~re the 'from' links. 
* * -·5 is the 'to' link. * *. ERRFt.G=:Pl.3g ir.dic.3ting how error mess.3ges should be delivered. 
~ * FLAG =fl~g to indic~te when ~ sort cycle is finished. * • NUMEXT=number of subdivision exits in the system being evaluated. * ~ EXTREF=n~mes of nod@s ~t which exits occur. * * Nt.lMT.NK=r"Jmber of lirtll"s in system. * A LtNKS =links involved in system. 
* * T~TRY =v~]ues returned to c'3lling routine. 
Jr * NEWLEN=the lengt.h of the optimunl p.3th :accessed by the c'Jrrent 
k *- link. * * OI.nt.F.N=th~ length of the optinl'Jnl p.3th .3ccessed by the link whi.ch 
~. previously accessed the over.311 optimlJnl p.3th (which m.3Y *. replac~d by NEWLEN if NEWLEN is shorter>. * * CHEKIN=used to m~rk off links used in the creation of groups. 

PARAMETER 
& NODNUM=lOO,LINNUM=ISO,INTNUM=IO 

INTEGER 
& REFNOD,CHONUM,CHOLNK(25,3),PATHS(G)~CHECK(lSO),SRTIDX, 
& SORT(ISO,S),X,XI,X2,X3,X4,XS,XG,X7,V,N,LISTICSO),LIST2(S~>, 
& NUMNOD,NODES(ISO,S),FLAG,NUMEXT,EXTREFC25>,NUMLNK,LINKS(150), 
& T9TRY(150,4),RUNITl,RUNIT2,WUNITl,WUNIT2,REFLN~(,CHEKINClSO), 
& NUMPTH 

REAL VI,V2,NEWLEN,OLDLEN 

COMMON 
& 
& 
& 

IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 
IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLIN~«LINNUM), 
UNITSCLINNUM),MULTI(LINNUM),AREACLINNUM) 



& /AREA21 IRUtJ IT 1, RUN IT2 , WUN IT 1 , WUN IT2 

* ***. '* * Clp~r CHECK. 
:>&; *.;..,.;.. 

IrO 10, L=l, 150 
CHEC~( (L) =0 

10 CONTJNUE 

* *** * * Sparch for nodes which are accessed by more than one * A link in the system. 

* *** DO 20, Ll=l, NNOIrE 
Xl=O 
no 30, L?=], NUMLNK 
X2=NODEICLINKS(L2» 
X3=NOIrE2(LTNKS(L2» 
IF ( ( T .. 1 • E (L X 2 ) • 0 f<. ct. 1 • E tL X 3 ) ) Xl = X 1 + 1 

30 CONTJNUE 
IF(X1.GT. J )THEN 
CHEC~(LI )=1 
NUMNOIr=NUMNO[l+l 
NODES(NUMNOIr,l)=Ll 

ENtlIF 
20 CONTINUE 

'* **.;.., .;.., * Search for nodes in thp system which are adjacent to an .;.., * ~xtt, and which h~v~n/t already been included in the system. 
* *.;..,.;.., 

IrO 40, L=l, NUMLNK 
Xl=NODEl(LINKS(L» 
X2=NOIrE2(LJNKS(L» 
IF( (NTYPF.(X]) .LT.O) .ANn. (CHEC~(Xl) .E(LO) )THEN 
CHECfUXl )=1 
NUMNOD=NUMNOD+l 
NODES(NUMNOIr,l)=Xl 

ENDIF 
IF«NTYPE(X2).LT.0).ANIr.(CHECK(X2).EQ.0»THEN 
CHECf~(X2)=1 

NUMNOD=NUHNO{l+l 
NODESCNUMNOD,1)=X2 

ENDIF 
40 CONTINUE 

* ****~.;..,***.;..,*-* * Est~bljsh the relationships of links with respect to the nodes * A involved in the system. 
.... ****-*~***** 

* *:1<.**** * * Count subdivision exits in the system. 

*- ****** 
DO 50, L=l, NUMNOD 
IFCNTYPE(NODESCL,l».LT.O)THEN 
NUHEXT=NUMF.XT+l 
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EXTREF(NUMEXT)=L 
ENDIF 

50 CONTINUE 

... k.*-*A~-Jr. * ~ Crp~t@ group data for exit nodes. 
* *Ide)*-*-

)(1=0 
DO 60, Ll=l, NUMEXT 

REFNLO=NODES(EXTREF(Ll),l) 
CALL PATHS7(NODEl,NODE2,REFNOD,NUMLNK,LIN.'S,PATHS) 
DO 70, L2=1, 3 
IF«P~THS(L2).NE.0).AND.(CHEKIN(PATHS(L2».EQ.O»THEN 
NODES(EXTREF(Ll),L2+l)=PATHS(L2) 
CHEKIN(PATHS(L2»=1 
Xl=Xl+l 
LISTl(Xl)=PATHS(L2) 

ENDIf 
70 CONTINUE 

NODES(EXTRRF(Ll),5)=150 
60 CONTINUE 

~ ~** 

P .'3ge B -209 

~ ~ Formulate th@ remainder of the groups until all links are used. 
*- *** no WHILE(FLAG.EQ.O) 

X2=0 

* ... 1.Jc:.P. J.rST1 to form rlew grolJPs. Use LISTl to form LIST2. 
*- A ~opy LIST::! to tISTl and start again. 

DO 80, LI=l, Xl 
REFLm(=LISTI (ll) 
CALL PATHS2(NI.JMLNK,LINKS,NODEI,NODE2,REFtNK,CHEKIN,NUMPTH, 

& PATHS) 
TF(NUMPTH.NF..O)THEN 

X3=NODEl(REFLNK) 
X4=NODE2(RRFLNK) 
X5=NODEl(PATHS(1» 
X6=NODE2(PATHS(1» 
IF«X3.EQ.XS).OR.(X3.EQ.X6»REFNOD=X3 
IF«X4.EQ.XS).OR.(X4.EQ.X6»REFNOD=X4 
DO 90, L2=1, NUMNOD 
IF(R~FNOO.EQ.NODES(L2,1»X7=L2 

90 CONTINUE 
NODES(X7,S)=REFLNK 
DO 100, L2=2, 4 
IF(PATHS(L2-1).NE.~)THEN 
NODES(X7,L2)=PATHS(L2-1) 
CHEKIN(PATHS(L2-1»=1 
X2=X2+1 
LIST2(X2)=PATHS(L2-1) 

ENDIF 
100 CONTINUE 

ENDlr 
80 CONTINUE 



PROGRAM LISTING 

* ~ Cle~r LISTl ~nd copy LIST2 into LISTl. 
[to 110,1.=], 50 
LISTl(L)=O 
IF(L.LE.x:n LTSTl(L)=LIST,2(L) 

110 CONTINUE 

IF (X2. EO. 0) FI.AG=1 

Xl=X2 

ENDDO 

* *********** * *- D~l~t~ any NODES entry which has no 'to' link. * * If an entry needs to be deleted, move ~11 other * * pntries down one positon. 
I<. *********** 

FLAG=O 
DO WHILE(Fl.AG.F.Q.O) 
FLAG=l 
DO 120, L2=1, NUMNOIt-l 
IF(NODBS(L2,5).EO.0)THEN 
FLAG=O 
DO 130,1..3=1.2, NlIMNOD-l 
NODES(L3,1)=NODES(L3+1,1) 
NODES(L3,2)=NODES(L3+1,2) 
NODES(L1,1)=NODES(L3+1,3) 
NODESCL3,4)=NODFS(L3+1,4) 
NODESCL3,S)=NODESCL3+1,5) 

130 CONTINUE 
NUMNOD=NUMNOD-l 

ENIIIF 
120 

ENDDO 
CONTINUE 

* * Chpck th~ last entry (not ~ccessed by ~bove routine). 
IF(NODES(NUMNOD,5).EO.0)NUMNOD=NUMNOD-l 

* ****** 

P.'3ge P,-210 

* * Movp fjlled 'from' positions tow~rds NODE( ,2) and zeroes *- *- t,ow.'3r.:is NODE ( ,4). 
*- *-***** 

DO 140, L=l, NUMNOD 

IF(NODESCL,2).EO.0)THEN 
NODES(L,2)=NODES(L,3) 
NODESCL,3)=NODESCL,4) 
NODES(L,4)=O 

ENDIF 

IF(NODES(L,2).EO.O)THEN 
NODESCL,2)=NODES(L,3) 
NODES(L,3)=0 

ENDIF 

IFCNOllESn.,3) .F.O.O)THEN 
NODESCL,3)=NODESCL,4) 
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140 

NODESCL,4)=0 
ENDIF 

CONTINUE 

,. ****** * * Count subdivision exits in the system. 
* ****** 

NUMEXT=O 
DO 150, L=l, NUMNOD 
IF(NTYPECNODESCL,l».LT.O)THEN 

NUMEXT=NUMEXT+l 
EXTREF(NUMEXT)=L 

ENDIF 
150 CONTINUE 

* *********** 

P.'3ge B-21J. 

* * Sort thp 9roups of ~ssoci~ted links into continuous subsystems * * of the total system (prerequisite for flow calculations). 
*. *********** 
:11- :1<.***** * * Clear CHECK. 
* Jr..Jr..**Jr..* 

DO 160, 1.=1, 150 
CI-IECK(L)=O 

160 CONTINUE 

* **Jr..*** 
:I<. I<. Be9in at each exit and trace backwards until the order 
:11- * of a subsystem is defined, copying associated groups of * * links in the correct order into a sorting array until 
-It k .311 t,he s'Jbc;y<stems .:ue defi.rled, then copy the SORT'3rr.;!y 
:I<. * into TBTRY. 
* :1<.***** 

DO WHILE(NUMFXT.NE.O) 

* I<. Clear the fl~g, put the exit group identifier in LIST1, * * ~nrl m~rk off this exi.t group in CHECK. 
FLAG=O 
LISTICl)=EXTREFCNUMEXT) 
CHECK(EXTREF(NUMEXT»=l 
Xl=l 

* * Increment the index and store the exit 9rouP in SORT. 
SRTIDX=SRTIDX+l 
SORT(SRTIDX,l)=NODESCLISTl(l),l) 
SORT(SRTIDX,2)=NODES(LISTl(1),2) 
SORT(SRTIDX,3)=NODES(LISTl(1),3) 
SORT(SRTIDX,4)=NODESCLISTl(1),4) 
SORT(SRTIDX,S)=NODES(LISTl(l),S) 

* *** * * Trace until the flag is set. 
* *Jr..* 

DO WHILE(FLAG.EQ.O) 



X2=O 

* * Movp through LISTI. 
DO 170, 1.1=1, Xl 

* * Movp through 'from' links. 
DO 180, L2=2, 4 

V=NODES(LJST1(LI),L2) 

IF(V.NE.O)THEN 

* * Sp~rch for ~n unuspd NODES entry which accesses the * * nod~ defin~d by NODES(LISTI(Ll),l). 
X3=0 
DO 190, L3=], NUMNOD 
X4=NODES(L3,5) 
X 5 = NOD E S (t, J S T] (1. I ) , L 2 ) 
X6=CHEC~( (L3) 
1F«X4.EG.X5).AND.(XG.EQ.0»X3=L3 

190 CONTINUE 
IF(X3.NE.O)CHECK(X3)=1 

... .... :J...... .... _ ...... 

* * Jf X3<)0, copy the info ~hout the group into SORT, increment * A thp 1.15T2 inrl~x, ~nd storp the rpferpncp v~lue in L1ST2. 
IF(X3.NF..O)THEN 

SRTIDX=SRTIDX+] 
SORT(SRTrnX,1)=NODES(X3,1) 
SORT(SRTIDX,2)=NODES(X3,2) 
SORTeSRTIDX,3)=NODES(X3,3) 
SORTfSRTIDX,4)=NODESeX3,4) 
SORTeSRT1DX,5)=NODES(X3,5) 
X2=';(2+1 
LIST2(X2)=X3 

ENDIF 

ENDIF 

180 CONTJNUE 

170 CONTINUE 

* * C]par LISTI ~nd copy LIST2 into LISTI. 
DO 200, L= 1., 50 
LIST1<L)=O 
IF(L.LE.X2) LISTICL)=LIST2CL) 

200 CONTINUE 

* * Che~k for thp spcond list bein9 empty: if so, set FLAG=1. 
IF(X2.EG.0)FLAG=1 

X1=X2 

ENDDO 

* Upd:;tp NUMEXT. 
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NUMEXT=NUMEXT-l 

'EN[lDO 

k ;~)Idnio'\-* 

k ,\- Cnpy th@ sorted arr~y SORT into TBTRY. Since SORT 
"* I-. corft:~irfs the 9ro'JPs in order from e}·:it-9rOIJP to irfner-9roup, 
I-. I-. (t'3ckwards from wh~t the flow/slope routine wants), the 
I-. * er,tries must be copied irl reverse. 
*- **I-.-A** 

DO 2l0 y L=SRtTnx, 1, -1 

X=SRTIDX-L+l 
TBTRY(X,1)=SORT(L,2) 
TBTRY(X,2)=SORT(L,3) 
TBTRY(X,3)=SORT(L,4) 
TBTRY(X,4)=SORT(L,S) 

* * Spt thp 'to' links of exit 9roups to ISO (the 'to' * ~ link will be 0 if it's of ~n exit 9rouP). 
IF(TBTRY(X,4).F.O.O)TBTRY(X,4)=IS0 

210 

RETURN 
END 

CONTINUE 



.,' 
I 

• "U I~" t1 n t. J. ~.L J. f'fU 

B.3.2S SUBROUTINE: GROUP2 

SUBROUTINF GRDUP2(NUMLNK,LINKS,CHDNUM,CHOLNK,NUMNOD,TBTRY) 

~ ************************************************************* * A This subroutine ~ssoci~tes 'from' ~nd 'to' links in * * * groups ~nd th~n sorts th~ groups. * 
* ************************************************************* * * NLtNK =number of links. * * NTYPE =type of node. * * ELtV =ground ~lev~tions of nodes. * * NODE I =hi9h node ot link. * A NODE2 =low node of link. * * REFNOn=node currently being referenced. 
* -* REFLNK=link currently being referenced. * * CHONUM=number ot choices m~de in determining correct ~ssoci~tion5. * * CHOLNK=link identifiers of links ~ choice w~s m~dp over. * * -(index,I-3). * * -1 i~ the name of the link not chosen. * * -2 is the n~me of the link chosen. 
* * -3 is the n~me of the node ~t which the choice w~s m~de. 
*. * PATHS =link numbers of links ~djacent to REFNOD. * * X,XI-X6,V,Vl,V2=miscellaneous use. * * CHECK =holds which links are in system being evaluated. * * SRTrDX=index into sort array. * A SORT =~rray·for sorting. 
* * LJST],LIST2=arrays for sorting. 
~ * NUMNOD=numb~r of nod~s involv~d in syst~m being pvalu~ted. 
* * NODRS =which nodes ~re in system being evaluated. * A -(index,l-S). 
* * -] is the identjty of the node. 
* * -(2-4) ~rp the 'from' links. * * -5 js the 'to' link. * A FLAG =fl~g to indic~te when ~ sort cycle is finished. * * NUMFXT=number of subdivjsion exits in the system being evalu~ted. * * EXTREF=n~mes of nodes ~t which exits occur. * * NUMLNK=number of links in system. * A LtNKS =link~ involved in system. * * TRTRY =v~lues returned to calling routine. * * NEWLEN=the l~ngth of the optimum p~th accessed by the current 
* * 1 i rl~ .• * * OI.DI.F.N=t.he lerlgth of the optillllJm p:3th .:lccessed by the lirlk which * * previously accessed the overall optimum p~th (which may * * replaced by NEWLEN it NEWLEN is shorter>. 

PARAMETER 
& NODNUM=lOO,LINNUM=lSO,INTNUM=lO 

INTEGER 
& REFNOD,CHONUM,CHOLNK(2S,3),PATHS(G),CHECK(lSO),SRTIDX, 
& SORT(ISO,S>,X,XI,X2,X3,X4,X5,XG,V,N,LISTl(SO),LIST2(SO>, 
& NUMNOD,NODES(lSO,S),FLAG,NUMEXT,EXTREF(2S),NUMLNK,LINKS(150), 
& TBTRY(ISO,4),RUNITl,RUNIT2,WUNITl,WUNIT2,REFLNK 

REAL VI,V2,NEWLEN,OLDLEN 

COMMON 
& IAREA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM) 
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& IAREA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
~ IINTTSCl.INNUM),MULTI(LINNUM),AREA(LINNUH) 
& IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 

~ *'*'*' 
*' *' Clear CHECK. 
..... *'*~ 

DO 10, L=l, 150 
CHEC~{ (L) =0 

10 CONTINUE 

*' *'*'*' * * Se~rch for nodes which ~re ~ccessed by more th~n one * • link in the system. 

*' *** DO 20, L1=1, NNODE 
XI=O 
DO 30, L2=1, NUMLNK 
X2=NODEl(LINKS(L2» 
X3=NODE2CLINKSCL2» 
IF«tl.EQ.X2).OR.(Ll.~O.X3»Xl=Xl+1 

30 CONTINUE 
IFeXl.GT.l )THEN 
CHEC~{(LI )=1 
NUMNOD=NUMNOD+l 
NODESCNUMNOD,l)=Ll 

ENDIF 
20 CONTINUE 

*' *'*'* ..... * S~~rch for nodes in the system which ~re ~dj~cent to ~n ..... * exit, ~n~ which h~ven/t ~lre~dy been included in the system. 
* ..... *;4; 

DO 40, L=1 r NUMLNK 
Xl=NODEleLINKSeL» 
X2=NODE2(LINKSeL» 
IFeeNTYPEeX1).LT.0).AND.(CHFCKeXl).EO.0»THEN 

CHECKeXI)=l 
NUMNOD=NUMNOD+I 
NODESeNUMNOD,l)=Xl 

ENDIF 
IFeeNTYPF(X2).LT.0).AND.eCHECKeX2).EQ.0»THEN 

CHECK(X2)=1 
NUt1NOD=NUMNOD+l 
NODES(NUMNOD,1)=X2 

ENDIF 
40 CONTINUE 

* ~*-*' 
~ * Cle3r CHECK. 

*- *** DO 50, L=l, 150 
CHECK( L> =0 

50 CONTINUE 

~ ~*-*-*-*****~* 
~ * Est~blish the relationships ot links with respect to the nodes 



, , 
1 

* A tnvolv~~ in the system. 
* ******~~*** 

Dn GO, Ll=l, NUMNOD 

*- ****** *- *- For p~ch node in the system, c~ll PATHS7 to find out wh3t 
*- A systpm links ~ccess the node. 
* *****-*-

REFNOD=NODES(LI,I) 
CALL PATHS7(NODEl,NODE2,REFNOD,NUMLNK,LINKS,PATHS) 

* A Copy PATHS into NODES. 
DO 70, L2=1,4 
NODES(tl,L2+1)=PATHS(L2) 

70 CONTINUE 

* ****-** * *- Or9~nize 'from' 3nd 'to' links. 
* ****** no 80, L2=2, 4 

*- *-** * * Move thi~ 'from' link into the 'to' position if the 'to' 
*- * position is empty and the low en~ of the link is lower 
*- *- th~n REFNOD. 

*- *** IF(NODES(Ll,S).EQ.O)THEN 
VI=ELEV(NODE2(NODES(LI,L2») 
V2=ELEV(REFNDD) 
IF(VI.LT.V2)THEN 
NODES(Ll,S)=NODES(LI,L2) 
NODES(LI,L2)=O 

ENDIF 
ENDIF 

*- *-*-*-
*- *- Switch po~itions of the current 'from' link and the 'to' link 
*- * if this link will provide the more optimum path ~nd if the * *- low end of the link is lower than REFNDD. 
*- *-*-* 

IF«NODES(Ll,S).NE.0).AND.(NODES(LI,L2).NE.O»THEN 

VI=ELEV(NODE2(NODES(LI,L2») 
V2=ELEV(REFNOD) 

*- If the link gets cleared and has an end lower than REFNOD and * is a more optimum a choice than the existin9 'to' link, then 
*- switch po~itions. OPTPTH finds the optimum choice of path. 

OLDLEN=O.O 
NEWLEN=O.O 
IF(VI~LT.V2)THEN 
REFLNK=NODES(Ll,S) 
CALL OPTPTH(NUMLNK,I.INKS,RFFLNK,OLDLEN) 
REFLNK=NODES(LI,L2) 
CALL OPTPTH(NUMLNK,LINKS,REFLNK,NEWLEN) 
IF(NEWtEN.tT.OLDLEN)THEN 
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X=NODES(Ll,L2) 
NODES(Ll,L2)=NODES(LI,5) 
NOPSS(Ll,5)=X 

tNDIP 
END IF 

ENDIF 

80 CONTI/l.UE 

If. He If. 1<. ;d. 

P.'3ge B-2l7 

If. * Ch@ck to see it there is more th~n one downsloping link 
* If. er.l~tive to REFNOD), ~nd remove the extr~ downsloping links, 
If. * incrempnt CHONUM, ~nd store the choice info in CHOLNK. 
)r. **.Jc*.*-* 

DO 90, 1-2=2, 4 
IF(NOD~Setl,L2).NE.0)THEN 
X=NODE2eNODESeLI,L2» 
IF(ELEVeX).tT.F.:tEV(REFNOD»THEN 
CHONUM=CHONUM+I 
CHOLNKCCHONUM,I)=NODES(tl,L2) 
CHOLNKeCHONUM,2)=NODES(Ll;5) 
CHOLNKCCHONUM,3)=REFNOD 
NODESeLI,L2)=0 

ENDIF 
ENDIF 

90 CONTINUE 

)r. ****If.* 
If. .Jc Mov~ filled 'from' positions tow~rds NODE( ,2) ~nd zeroes 
* .Jc tow.'3rds NODEe ,4). 
*- *.Jc*-**.Jc 

IF(NODES(Ll,2).EQ.0)THEN 
NODES(Ll,2)=NODES(Ll,3) 
NODES(LI,3)=NODES(LI,4) 
NO(IES(Ll,4)=O 

ENnIF 

IF(NODES(Ll,2).EG.0)THEN 
NODESetl,2)=NODESeLI,3) 
NODES(Ll,3)=0 

ENDIF 

IFeNODES(I.l ,3) .EG.O)THEN 
NODSS(tl,3)=NODES(Ll,4) 
NODES(LI,4)=0 

ENDIF 

GO CONTINUE 

* *********** 
If. * Deletp any NODES entries which h~ve no 'from' links ~nd only ~ 
)r. "to' link. It an entry needs to be deleted, move ~ll other 
If. .Jc entri@5 down one positon • 
.Jc *.Jc**.Jc.JcIf.**** 

FLAG=O 
DO WHILE(FLAG.FG.O) 
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FLAG=l 
DO 100~ t) =1, Nl.IMNOfl-l 
X2=NODES(Ll,2) 
X3=NODES (J. J ,3) 
X4=NODES<Ll,4) 
H( (X2.EQ.O) .AND. (X3.EQ.0) .AND. (X4.EQ.O) )THEN 

FLAG=O 
DO 110, 1.~=J.l, NUMNOrt-l 
NODESCL2,1)=NODES(L2+1,1) 
NODES(L2,2)=NODF.S(L2+1,2) 
NODESCt2,3)=NODES(L2+1,3) 
NODES(L2,4)=NODES(L2+1,4) 
NPDES(L2,S)=NODES(L2+1,5) 

110 CONTINUE 
NUMNOD=NUMNOD-l 

ENDIF 
100 CONTINUE 

ENDDO 

~ '* Cherk the l~st entry (not ~ccessed by ~bove routine). 
X2=NODES(NUMNOD,2) 
X3=NODES(NUMNOD,3) 
X4=NODESCNUMNOD,4) 
IFC(X2.EQ.O).AND.(X3.EG.O).AND.(X4.EQ.O»NUMNOD=NUMNOD-1 

*- ******,*·Jdclr.* * '* Sort thp groups of ~ssoci~ted links into continuous subsystems 
'* * of the tot~l system (prerequisite for flow c~lcul~tion5). 
'* *****'**'*'*'** 
*' ***'*~* * * rle~r CHECK. 
'.1.: ***-*** 

no 120, l,=], J.50 
CHEC~( (L) =0 

120 CONTINUE 

*- ***-***-'* *- Count ~uhdivjsjon exjts in the system. 
*' * If the central node of the system is an exit point, 
*. * set the 'to' link equ~l to 0. 

* ***'*'** 
DO 130, 1.=], NUMNOD 
IF(NTYPE(NODr.S(L,l».LT.O)THEN 
NODES(L,S)=O 
NUMEXT=NUMEXT+l 
EXTREF(NUMEXT)=L 

ENDIF 
130 CONTINUE 

'* ****** * '* Begjn at each exit and trace backwards until the order 
*- *- of a subsystem is defined, copying associated groups of 
* *- links in the correct order into a sorting array until 
'* * all the subsystems are defined, then copy the SORT array 
'* * into T~TRY. 
* *'****'* 
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DO WHttE(NUMEXT.NE.O) 

A * Clear LISTI. 
DO J. 40, L= I, 25 
I.ISTI(L)=O 

140 CONTINUE 

P:"Ige B-21CJ 

* * Clear th~ f1a9, put the exit 9rouP identifier in LISTl, 
~ * and mark off this exit 9rouP in CHECK. 

FLAG=O 
LIST1(1)=F.XTRRF(NUMEXT) 
CHECK(EXTREF(NUMEXT»=l 
Xl=l 

* * Increment the index and store the exit group in SORT. 
SRTIDX=SRTIDX+l 
SORT(SRTIDX,1)=NODES(LIST1(1),1) 
SORT(SRTIDX,2)=NODESCLISTl(1),2) 
SORT(SRTIDX,3)=NODES(LISTl(1),3) 
SORT(SRTIDX,4)=NODES(LIST1(1),4) 
SORT(SRTIDX,S)=NODES(L1STl(I),S) 

"'" *** ~ * Trac~ until the fla9 is set. 
:.4; -JdcJ,; 

DO WHILE(FLAG.EQ.O) 

X2=O 

* * Move throu9h LISTI. 
DO ISO, L1=1, Xl 

* ~ Move through 'from' links. 
DO l60, 1.2=2, 4 

V=NODESeLJSTI(Ll),L2) 

IF(V.NE.O)THEN 

"'" * Search for an unused NODES entry which accesses the * ~ node defined by NOOESCLISTl(Ll),l). 
X3=0 
DO 170, L3=1, NUMNOD 
X4=NODESCL3,S) 
XS=NODES(LTSTI(Ll),L2) 
X6=CHECKCL3) 
IF«X4.EQ.X5).AND.(XG.EQ.0»X3=L3 

170 CONTINUE 
IFeX3.NE.0)CHECK(X3)=1 

* * If X3<>0, copy the info about the 9rouP into SORT, increment * A the LIST2 index, and store the reference value in L1ST2. 
IF(X3.NE.0)THEN 

SRTIDX=SRTIDX+I 
SORT(SRTJDX,I)=NODES(X3,1) 
SORT(SRTtDX,2)=NODES(X3,2) 
SORT(SRTIDX,3)=NODES(X3,3) 
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160 

150 

SORTCSRTTDX,4)=NODES(X3,4) 
SOPT(SRTIDX,5)=NODES(X3,S) 
X2=X2+1 
LIST2(X2)=X3 

ENDIF 

ENTlIF 

CONTINUE 

CONTINUE 

~ ~ C)par LIST] 3nd copy LIST2 into LISTI. 
DO 180, L=l, 50 
LIST1<1.)=O 
IF (L. LE. x:n t 1ST] (I. ) =1. IST2 (L) 

180 CONTINUE 

* * Chp~k for th~ second list bping empty: if so, set FLAG=l. 
IF(X2.EQ.0)FLAG=] 

Xl=X2 

ENDDO 

* * Upd~t@ NUMEXT. 
NUMEXT=NUMEXT-l 

ENtlDO 

-A ****** *- * Copy the ~orted 3rray SORT into TBTRY. Since SORT 
* -A cont~in~ the groups in order from exit-group to inner-group, * * (~3ckw~rd5 from what the flow/slope routine wants), the * * entries must be ~Dpied in reverse. 
k. ******-no lc)Oy t=S1<1JTlX, 1, -1 

X=SRTInX-l.+l 
TBTRY(X,l )=801<1(1.,2) 
TBTRY(X,2)=SORT(L,3) 
TBTRY(X,3):SORT(L,4) 
TBTRY(X,4)=SORT(L,S) 

*- *- Set the 'to' links of exit 9roups to 150 (the 'to' 
*- * link will be 0 if it/~ of an exit 9roup). 

190 

IF(TBTRY(X,4).EQ.0)TBTRY(X,4)=150 

RETURN' 
END 

CONTINUE 
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8.3.29 SUBROUTINE: OPTPTH 

SUBQOUTTNR OPTPTH(NSL,LINKS,REFLNK,OPTLEN) 

* ************************************************~** * * This ~ubroutine identifie~ which link should * 
k * should be chosen wh~n there is ~ choice, by * 
* * findjn9 whjch one ~ccesses the shortest p~th * * A downhill to ~n exit. * 
* ****~*******************************************~** 
*. * CHE~{IN=keeps track ot which links h.3ve beerl p.3ssed d'Jri"r'9 * * the test of the current link. * * PCHTDX=index into POSCHN. * * POSCHN=possible chain currently bein9 checked. * A CHNIDX=index into CHAINS. * * CHAINS=list ot chains which have been found. Any chains * * which lead to an exit are marked with a one in the * * ~ero element. * * RFFLNK=a pointer showin9 at which link the trace is at. * * BRANUM=the number of branches (forks in the path) passed. 
A * BRAJ.N.(=hoJds the Unk rll.rmbers before e.3ch br.3rlch. * * NUMPTH=number of possible paths test c~n follow. * * PATHS =a Jist of the link numbers of each of the p~ths adjacent * * to REFLNK. 
* * FLAGI =si9nifies an end to the test for a 9iven link. 
A * PtAG2 =si9nifies a return to a former br~nch loc~tion * * and rpcalculation of possible paths. * * RESULT=indicates whether the path choice to be m~de has 
k * been made b~tore. 
* * CHRCK =u5pd to mark off links which are obviously in the system. * * tENGTH=used to c~lculate the lenth of a chain. * * X,Xl,X2=miscellaneous variables. * A IJ =IJSF.!'d for 10c.;tin9 the ch.3irl of shortest len9th • 
. k ;4: OPTI.F.N=1E'n9t.h of choserl links shortest (optimum) p.3th to .3n e:dt. 
* . .It NSf. =nlJmb~r of system 1 iril/,s. * * LINKS =link5 involved in the system. 

INTEGER 
& TBTRYW,TBTRYD,TBTRYS,LINKS(150), 
& RUNITl,RUNIT2,WUNITl,WUNIT2,TROAD 

INTEGER CHEKED(150),CHEKIN(150),REFLNK,BRANUM,BRALNK(25), 
& NUMPTH,PATHS(G),FLAGl,FLAG2,Xl,X2,ERRFLG,CHECK(150), 
& PCHIDX,POSCHN(lO),CHNIDX,CHAINS(SOO,O:lO),LN.'TYP,RESULT,NSL 

REAL 
& LLINK,LROAD,ELEV,MULTI,UNITS,V,LENGTH,CHAINL(500),OPTLEN 

COMMON 
& 
& 
& 

IARF.A~/NNODE,NTYPE(lOO),ELEV(lOO) 
IAREA3/NLINK,NODE1(t50),NODE2(150),LLINK(150), 
UNITS(150),HULTI(150),AREA(150) 
IAREA4/LROAD(150),WROAD(150),TROAD(150) & 

& IAREA9/P(150),PDSC150),ASSC150) 

OPTLEN=O.O 
PCHIDX=l 
POSCHNCPCHIDX)=REFLNK 



t' .t<UI.lJ'CAn 1...1:3.1 .Lr'Hl 

CHNJDX=O 
FLAGl=O 
BRANUM=O 
CHE~~ IN C REFI.m() = I 

[ -:2',:j t:' 1.' w ... &,' 

~ * Find what possible p~ths there ~re for the test Ciniti~l c~ll). 
CALL PATHS4CNLINK,NoDEI,NoDE2,REFLNK,CHEKIN,NUHPTH, 

& PATHS,PCHIDX,PoSCHN,CHNIDX,CHAINS) 

~ * Search until all ch~ins h~ve been determined. 
DO WHILECFLAGl.EG.O) 

FLAG2=O 

* ~** * *- Chp~k thp ~ndpoints of the link for ~n exit. * * If the condition is met, increment CHNIDX, copy POSCHN 
*- * to r.t:AJNS, pull .~ br."3nch 1£1 from BRALNt{, er~se PoSCHN b.:lck.w~rds * A till it hits the ID (so from the br~nch on, the chain is new), * '* spt FI.AG? tn idicate ~ skip of further c~lcul~tions so that 
~ A ~ n~w ch~in C~n be developed from the br~nch on. If there ~ren/t 
'* '* .'3r,y hr:anches left, set FLAGI. 
* *,*A 

XI=NTYPECNOnEICREFLNK» 
X2=NTYPE(NODE2(REFLNK» 

'* '* Chpck for ~n exit. 
IF«Xl.tT.0).0~.(X2.LT.0»THEN 

'* * Increment CHNIDX ~nd copy POSCHN into CHAINS. Set the 
*- '* zero element to 1, since this ch~in reaches an exit. 

CHNIDX=CHNIDX+I 
DO 10, L2=1, PCHIDX 
CHAINS(CHNJnX,L2)=POSCHN(L2) 

10 CONTINUE 
CHAINS(CHNJDX,O)=l 

* Spt. FI.AGI jf there .3ren't any br.'3nches left. 
IF(BRANUM.EG.O) FLAGl=1 

'* * If thprp ~rp br~nchps left, get the last branch and erase 
~ * POSCHN b~ck until that branch location (so a new chain can * * be built from there on). Also, clear CHEKIN elements * ~ of erased POSCHN links. 

IF(BRANUM.NF..O)THEN 
REFLNK=BRALNK(BRANUH) 
BRANUH=BRANlIM-l 
DO WHILE(POSCHN(PCHIDX).NE.REFLNK) 
CHEKIN(POSCHN(PCHIDX»=O 
PCHIDX=PCHIDX-I 
ENDDO 

ENDIF 

* * Spt FLAG2 so further calculations ~re skipped; start 
~ * generating a new chain from the br~nch. 

FLAG2=1 
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ENDIF 

k ~~~ 

k * If th@r@ is mor@ th3n one p~th, increment BRANUM, ~nd 
~ A ~tor~ the id~ntity of the link which li~s before the br~nch. 

* *** IF(NUMPTH.GT.l)THEN 
BRANUM=BRANUM+I 
BRALNK(BRANUM)=REFLNK 

ENDIF 

~ ~ NOTR: from here on, if FLAG2=1, skip c3lculations. 

* ~** • * If there are no paths, and another branch exists, take it. 
• ~ Set FLAG2 so further calculations are skipped. The paths for the * ~ branch link are redetermined, and testing can restart from there. * ~ Increment CHNIDX and copy POSCHN into CHAINS, and erase POSCHN * * b~ck to the br~nch (erasing CHEKIN entries along the way). 
* *~* 

tF«FLAG2.F.Q.0).AND.(NUMPTH.EQ.0»THEN 

~ * Increment CHNIDX and copy POSCHN into CHAINS. 
CHNIDX=CHNIDX+I 
DO 20, L2=1, PCHIDX 
CHAINS(CHNIDX,L2)=POSCHN(L2) 

20 CONTINUE 

• * S@t FLAGI if there ~ren/t any br~nches left. 
IFCBRANUM.EQ.O) FLAGI=1 

* * rf there ~re br3nche~ left, get the 1~5t branch and erase 
~ • POSCHN back until th~t br~nch loc~tion (50 ~ new chain can 
~ * be built from there on). Also, clear CHEKIN elements of * A ~ra5ed POSCHN links. 

IF(BRANUM.NF.O)THEN 
REFLNK=BRALNK(BRANUM) 
BRANUM=BRANUM-I 
DO WHILE(POSCHN(PCHIDX).NE.REFLNK) 
CHEKtN(POSCHN(PCHIDX»=O 
PCHIDX=PCHTDX-I 
ENDDO 

ENDIF 

* * Set FLAG2 50 further calculations are skipped; start * * generating a new ch~in from the branch. 
FLAG2=1 

ENDIF 

* *** * * Take the first path on the list, if one exists (update REFLNK). * * Check the new link off as one which has been passed (update CHEKIN). * * Also update POSCHN. 

* *** IF«FLAG2.F.Q.0).AND.(NUMPTH.NE.O»THEN 
REFLNK=PATHS(I) 
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C H E ~~ I N ( REF L m( ) = ) 
PC HID X' = P r: H HI X + 1 
POSCHN(PCHIDX)=REFLNK 

t.NDIF' 

~ -A-A-A 
-A *- Fjnd what possible p~ths there ~re for the next test. 
*' *'*'* 

CALL PATHS4(NLINK,NODEl,NODE2,REFLNK,CHEKIN,NUMPTH, 
& PATHS,PCHIDX,POSCHN,CHNIDX,CHAINS) 

*' *-*-*-*-*'*-
*- *- Pick th@ shortest p~th ~nd copy all its elements into 
-A ~ CHEf(ED. 
*- ***'**'* 

* *'**' *- *- ra]cu]at~ the l@ngths for e~ch chain which ends in ~n exit. * A Storp thp rpsults in CHAINL. 
*' *,*-A 

DO 30, L2=1, CHNIDX 
LENGTH=O.O 
IF(CHAINS(L2,0).EG.1)THEN 

XI=} 
DO WHILPCCCHAINS(L2,XI).NE.0).AND.(XI.LE.10» 
LENGTH=Lt.NGTH+LLINKCCHAINSCL2,Xl» 
XI=Xl+l 
ENDDO 

ENDIF 
CHAINL(L2)=LPNGTH 

30 CONTINUE 

:I.: *,*-A 
* *- ~@arch for a nonzero chain length. 

* *** X2=0 
DO 40, L2=], 500 
IF(CHAINLCL2).NE.0.0)X2=L2 

40 CONTINUE 

* ~ 

* 

50 

* 

* 
* 
'*' 

*** * Sparch for th@ short@st chain. 
*** 

DO 50, L2=1, 500 
IF C (CHA TN!.. ct.::!) • I.'r. CHA INI. (X2) ) • AND. (CHA INL (L2) • NE. 0.0) ) X2=L2 
CONTINUE 

* Put th@ 1@n9th of the optimum path into OPTLEN. 
IF«CHAINL(X2).LT.OPTLEN).OR.COPTLEN.EQ.0.0»OPTLEN=CHAINL(X2) 

**'*' * Cl@:ar CHAINS. 

*-** DO 60, L2=1, 500 
DO 70, L3=0, 10 
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CHAINS(t.2,L3)=0 
70 CONTINUE 
60 CONTINUE 

* J<.** * *- Cl~~r CHATNL. 

*- *** DO 80, L2=1, 500 
CHAINL<1.2)=0.0 

80 CONTINuE 

*' **'* *- *- Cl~ar CHEKIN. 

*' *'*'* DO 90, L2=1, 150 
CHE.{ IN (L2) =0 

90 CONT.INUE 

RETURN 

END 

P.'3gP- B-225 

J 
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B.3.30 SUBROUTINE: PATHS I 

SUBROUTINE PATHSl(NLINK,NODEl,NODE2,REFLNK,CHEKIN,NUMPTH, 
& PATHS) 

* ~~**********A*A~**A*A**~**A********~*********A***** * * This subroutine finds wh~t p~ths ~re ~dj~cent * 
* * to ~ 9iven link ~nd which h~ve not ~lre~dy * * A b@@n ~ccessed. * 
* **~************************************************ * * NLTNK =number of links. * * NODEI,NODE2=node dpscriptors of links. * * REFLNK=link currently b@in9 considered. * ~ CHFKIN=arr~y h61din9 ~ll links passed while ·checkin'·. * .* NUMPTH=number of paths possible p~ths found. 
* * PATHS =link numbers of possible paths. 
* * XI-X4 =mi~cell~neous use. 

INTEGER NI.INK,NODEl(150),NODE2(150),REFLNK,CHEKIN(150),NUMPTH, 
~ PATHS(6),Xl,X2,X3,X4 

* * Initializp v~ri~bles. 
NUMPTH=O 
PATHS(l)=O 
PATHS(2)=0 
PATHS(3)=0 
PATHS(4)=0 
PATHS(5)=O 
PATHS(6)=O 

DOlO, L =], N L I m( 

Xl=NODEl(REFLNK) 
X2=NODE2(RFFLNK) 
X3=NOrIEl (L) 
X4=NODE2(L) 
IF( (Xl.ED.X3) .Or;:. (Xl.ED.X4) .OR. (X2.EQ.X3) .OR. (X2.EQ.X4) )THEN 

IF(CHEKIN(L).EQ.O)THEN 
NUMPTH=NUMPTH+l 
PATHS(NUMPTH)=L 

ENDIF 
ENDIF 

10 CONTINUE 
RETURN 
END 
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B.3.3l SUBROUTINE: PATHS2 

SUBROUTINE PATHS2(NUHLNK,LINKS,NODEl,NODE2,REFlNK,CHEKIN,NUHPTH, 
& PATHS) 

* ~**~*AA**~***************************************** 
~ * This subroutine finds wh~t p~ths ~re ~djacent * * * to 3 givpn link, have not ~lre~dy been * * A ~cce~~ed, ~nd which ~re in the p~rticul~r * * * systpm bping checked. * 
* *************************************************** * * NUHLNK=number of links. * A LINKS =links in~olved in system. * * NODEl,NODE2=node descriptors of links. 
* * REFLNK=link currently being considered. 
* * CHEKIN=~rr3y holding all links p~ssed while ·checkin'·. * * NUHPTH=number of paths possible paths found. * * PATHS =link numbers of possi~le paths. * * Xl-X4 =mi~cellaneous use. 

INTEGER NUHLNK,LINKS(150),NODEI(150),NODE2(ISO),REFLNK,CHEKIN(150), 
& NUHPtH,PATHS(6),Xl,X2,X3,X4 

* * Jnitializ.e variables. 
NUHPTH=O 
PATHS(l)=O 
PATHS(2)=0 
PATHS(3)=0 
PAl'HS(4)=O 
PATHS(S)=O 
PATHS(6)=0 

DO lO~ L=l, NUHLNK 
Xl =NODEI (REFLm{) 
X2=NODE2(RFFI.NK) 
X3=NODEI(LINKS(L» 
X 4=NODF.2 (I. IN~{S (L ) ) 
IF( (X1.ECLX3) .OR. (Xl. FtLX4) .OR. (X2.E(LX3) .OR. (X2.E(LX4) )THEN 

IF(CHCKtN(LINKS(L».EG.O)THEN 
NUHPTH=NUMPTH+l 
PATHS(NUMPTH)=LINKS(L) 

ENDIF 
ENtl IF 

10 CONTJNUE 
RETURN 
END 
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B.3.32 SUBROUTINE: PATHS3 

SUBROUTINB PATHS3(NLINK,NODEl,NODE2,WROAD,REFLNK,CHEKIN, 
~ NUMPTH,PATHS,PCHIDX,POSCHN,CHNIDX,CHAINS) 

* *************************************************** * ~ This subroutine finds wh~t p~ths ~re ~dj~cent * 
* * to ~ given link ~nd which would, if chosen, not * * * be duplicating ~ formerly chosen set of p~ths * * * ~nd ~re not e~sements. * 
* *************************************************** * * NLINK =number of links. * * NODEl,NODE2=node descriptors of links. * * REFLNK=ljnk currently being considered. * * CHEKIN=~rr~y holding all links passed while "checkin'". * * NUMPTH=number of paths possible paths found. * * PATHS =lir,k nlJmberc; of possible p.3ths. 
* * VrNl,N2,XJ-XG=miscellaneous use. * * RESULT=indicates whether the path h~s already been tried. * * ENNODE=node tr~ce should end on. 

INTEGER NLINK,NODE1(150),NODE2(150),REFLNK,CHEKIN(150),NUMPTH, 
& PATHS(6),Xl,X2,X3,X4,X5,XG,PCHIDX,POSCHN(IO),CHNIDX, 
& CHAINS(500,O:10),RESULT,FLAG,V 

REAL WROAD(J50) 

* * Tniti~li~p v~ri~bles. 
NUMPTH=O 
PATHS(l)=O 
PATHS(2)=O 
PATHS(3)=O 
PATHS(4)=O 
PATHS(S)=O 
PATHS(6)=O 

DO 10, L=l, NLINK 
ENNOrIE=O 
IFCPCHIDX.GT.l)THEN 
XI=NODEl(POSCHN(PCHIDX» 
X2=NODE2CPOSCHNCPCHIDX» 
X3=NODE1(POSCHN(PCHIDX-l» 
X4=NODE2(POSCHN(PCHIDX-l» 
IF«Xl.EO.X3).OR.(Xl.EO.X4»ENNODE=X2 
IF«X2.EQ.X3).OR.(X2.EO.X4»ENNODE=XI 
Nl=ENNODE 
N2=ENNOItE 
ENDIF 

tF(ENNODF..P.O.O)Nl=NOD'£l(R'£FLNK) 
IF(ENNOItE.EO.O)N2=NODE2(REFLNK) 
X5=NODEl(L) 
XG=NODE2(L) 
IF«X5.EQ.Nl).OR.(X5.EO.N2).OR.CXG.EQ.Nl).OR.(XG.EO.N2»THEN 

IFCPCHIDX.LT.!O)THEN 
PCHIDX=PCHrDX+! 
POSCHN(PCHIDX)=L 
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* * Ch~ck for ch3in duplic~tion. 
RESULT=O 
DO 2), L2=1, CHNIDX 
FLAG=O 
v=o 
flO W'-IILE( (FI.AG.F.O.O) .AND. (V.LT.PCHIDX» 
V=V+l 
IF(PSSCHN(V).NF..CHAINS(L2,V»FLAG=1 
ENDDJ 
IF ( F'. fI G • F. 0 • 0) R F. S U L T = 1 

20 CONTINUE 

IF«CHEKIN(L).F.Q.O).AND.(WROAD(L).NE.O).AND.(RESULT.EG.O»LHEN 
NUf"IP'1'H=NUMPTH+l 
PATHS(NUMPTH)=L 

ENDIF 
POSCHN(PCHIDX)=O 
PCHIDX=PCHIDX-l 

ENDIF 
ENDIF 

10 CONTINUE 
RETURN 
END 
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B.3.33 SUBROUTINE: PATHS4 

SUBROUTTNP PATHS4(NLTN~,NODEl,NODE2,REFLNK,CHEKIN, 
~ NUMPTH,PATHS,PCHIDX,POSCHN,CHNIDX,CHAINS) 

~ ~~*~*********************************************** * * This subroutine finds wh~t p~ths ~re ~dj~cent * * A to 3 given link, and which, jf chosen, wouldn't * * ~ ~~use ~ duplic~tion in a form~rly chosen set of * * * paths. E~sempnts ~re considered here. * 
* *************************************************** * * NLINK =number of links. * * NODEl,NODE2=node d~scriptors of links. 
* -* REFLNK=link currently being considered. 
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* * CHEKIN=arr~y holding all links passed while ·checkin'·. * * NUMPTH=number of p~ths possible paths found. 
* * PATHS =link number~ ot possible paths. * * V,XJ-X4 =mjscpll~neous use. * * RESULT=inrlic~tes whether th~ path has ~lre~dy been tried. 

INTEGER NLJNK,NODEl(150),NODE2(150),REFLNK,CHEKINC150),NUMPTH, 
& PATHS(4),Xl,X2,X3,PCHIDX,POSCHN(IO),CHNIDX,CHAINS(500,0:10), 
& RESULT,V 

* * Initialize v~riables. 
NUMPTH=O 
PATHS(I)=O 
PATHS(2)=O 
PATHS(3)=O 
PATHS(4)=O 
PATHS(5)=O 
PATHS(6)=O 

DO 10, L=l, NLINK 
Xl=NODE2(RFFLNK) 
X2=NOnEICL) 
IF«Xl.EQ.X2).AND.(PCHIDX.LT.IO»THEN 
PCHIDX=PCHIDX+l 
POSCHNCPCHIDX)=L 

* A Check for ch~in duplication. 
RESULT=O 
DO 20, L2=1, CHNIDX 
FLAG=O 
v=o 
DO WHILE«FLAG.EQ.O).AND.(V.LT.PCHIDX» 
V=V+l 
IF(POSCHN(V).NE.CHAINSCL2,V»FLAG=1 
ENDDO 
IFCFLAG.EG.O) RESULT=l 

20 CONTINUE 

IF(CCHEKIN(L).EG.O).AND.CRESULT.EG.O»THEN 
NUMPTH=NUMPTH+l 
PATHS(NUMPTH)=L 

ENDIP 
POSCHN(PCHJnX)=O 
PCHIDX=PCHIDX-I 
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ENDIF 

10 CONT.INUE 
RETURN 
END 

P.'3gE? B-231 



f 
\0 

B.3.34 SUBROUTINE: PATHSS 

SUBROUTTNE PATHS5(NLINK,NODEI,NODE2,REFNOD,NUMPTH,PATHS) 
A ~**A****~*****************~************************ 
~ ~ This subroutine finds what links are adjacent * 
* A to 3 3iv~n node. * 
* ****~A*********************************A*********** * * NODEl,NODE2=nodes d~scribin9 links. * * REFNOD=node currently bein9 considered. 
* * NUMPTH=number of ~ssociations found. * * PATHS =link numbers of possible paths. * A XI,X2 =miscellaneous use. 

INTEGER NIoTNK,NODElC]SO),NODE2C1SO),REFNOD,NUHPTH,PATHS(6), 
& Xl,X2,X3 

* * Jnjti~lj~e vari~bles. 
NUMPTH=O 
PATHS(l)=O 
PATHS(2)=O 
PATHS(3)=O 
PATHS(4)=0 
PATHS(S)=O 
PATHS(6)=0 

DO 10, Io=], Nl.lm( 

Xl=NODEl(L) 
X2=NODE2(L) 
X3=0 
IF«Xl.fQ.RFFNOD).OR.(X2.EQ.REFNOD»THEN 
NUMPTH=NUMPTH+l 
IF(REFNOD.FQ.Xl)X3=X2 
IF(n~FNOD.En.X2)X3=Xl 
PATHS (NIH1PTH) =X3 
ENDIF 

10 CONTINUE 
RETURN 
END 
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8.3.35 SUBROUTINE: PATHSG 

SUBROUTINE PATHSGCREFLNK,CHEKIN,CSLEN,NUMPTH,PATHS, 
I PCHIDX,POSCHN,CHNIDX,CHAINS) 

~ ~***A~*******************************************~~ * ~ This subroutine finds what paths are adjacent * 
* * to a given link and which would, if chosen, not * 
k A bp. dlJP 1 i cat i rig a former 1 y chosl?n set of p:3ths * 
~ * and are not easements. * 
* *****A********************************************* * * NLINK =number ot links. * * NODEl,NODE2=norie de~criptors ot links. * * RFFLNK=link currently being considered. 
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* * CH~KIN=array holding all links pas~I?d while "checkin'". * * NUMPTH=numbpr ot paths possible paths found. * A PATHS =link number~ of possible paths. 
~ * V,Nl,N2,X-X7=miscellaneous use. * * RFSULT=indicates whether the path ha~ already been tried. 
* ~ FNNODE=node trace should end on. * A CSLEN =current shortest length. 
* * l.I.JNK =Jjnk length. . 
* A LENGTH=length ot chain. 

INTEGER NODEl,NODE2,REFLNK,CHEKIN(150),NUMPTH, 
& PATHSCG),X,Xl,X2,X3,X4,X5,XG,X7,PCHIDX,POSCHN(SO),CHNIDX, 
& CHAINSC200,50),RESULT,ENNODE,NWMLNK 7 WLINKS,FLAG,V,Nl,N2 

REAL WROAD,LLINK,LENGTH,CSLEN 

COMMON 
& 
& 
& 

IARFA3/NI.INK,NODEl(150),NODE2(150),LLINKC150), 
IAREA4/LROAD(150),WROAD(150),TROADC150) 
IAREAG/NWMLNK,WLINKS(150),NWMGRP,TBTRYW(150,4) 

* * Initialize variables. 
NUMPTH=O 
PATHSCl)=O 
PATHS(2)=O 
PATHS(3)=0 
PATHS(4)=0 
PATHS(5)=0 
PATHSCG)=O 

X=l 
LENGTH=O.O 
DO WHILEC(X.LR.PCHIDX).AND.(POSCHN(X).NE.O» 
LENGTH=tr.N~TH+LtINKCPOSCHN(X» 

X=X+l 
ENDDO 

DO 10, Ll=J, NWMLNK 

* * Find ENNODE. 
E·NNODE=O 
IFCPCHIDX.GT.I)THEN 
Xl=NODEl(POSCHN(PCHIDX» 
X2=NODE2(POSCHNCPCHIDX» 
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X3=NODE1(POSCHN(PCHIDX-I)) 
X4=NODE2(pnSCHN(PCHIDX-I» 
IF ( (Xl. EO. X:::). or-<. (Xl. EO. X4» ENNODE=X2 
Ir( (X2.F.O.X3) .OR. (X2.EO.X4) )ENNODE=XI 
Nl=ENNODE 
N2=ENNODE 
ENDIF 

IFCENNODE.EG.O)Nl=NODEICREFLNK) 
IFCENNODE.EG.O)N2=NODE2(REFLNK) 
X5=IaILINKS(Ll) 
X6=NODEICX5) 
X7=NOIIE2 C X5) 

r.::I'.:!t:.' v- ... .c:J"1 

IFC(X6.EO.N]).OR.CX6.F.O.N2).OR.CX7.EO.Nl).OR.CX7.EO.N2»THEN 
IF(CPCHIDX.LT.50).AND.CLENGTH.LT.CSLEN»THEN 
PCHIDX=PCHIDX+l 
POSCHNCPCHIDX)=X5 

~ * Ch~ck for chain duplication. 
RESULT=O 
DO 20, L2=], CHN IDX 
FLAG=O 
V=O 
DO WHILECCFLAG.EG.O).AND.CV.LT.PCHIDX» 
V=V+l 
IF(POSCHN(V).NE.CHAINSCL2,V»fLAG=1 
END DO 
IF(FLAG.EG.O) RESULT=l 

20 CONTINUE 

IF«CHEKJN(X5).F.G.O).AND.CWROADCX5).NE.O).AND.(RESULT.EO.Ol)THEN 
NUMPTH=NUHPTHi·l 
PATHSCNUMPTH)=X5 

ENDIF 
POSCHN (PCH JIIX) =0 
PCH IDX=PCH IDX·-l 

*. Ch@ck to S~@ if one path would result in a loop bein9 formed. 
IFCCX5.EG.POSCHN(1».AND.CPCHIDX.GT.2»THEN 

*. Firld ENNODE. 
Xl=NODEl(POSCHNCl» 
X2=NODE2CPOSCHNCl» 
X3=NODEICPOSCHN(2» 
X4=NODE2CPOSCHN(2» 
IF«Xl.EG.X3).OR.(Xl.EO.X4»F.NNODE=X2 
IFC(X2.EO.X3).OR.(X2.EG.X4»ENNODE=Xl 

*. Check to see if the path is approachin9 tram the ri9ht side. 
*. Update PATHS and NUMPTH if it is. 
Xl =NODE 1 (REFI,NK) 
X2=NODE2CREFLNK) 
IFC«Xl.EG.ENNODE).OR.(X2.EO.ENNODE».AND.(RESULT.EG.O»THEN 

NUMPTH=NUMPTH+l 
PATHS(NUMPTH)=X5 

ENItIF 



PROGRAM LISTING 

ENDIF 

'ENDIF 
ENDIF 

10 CONTINUE 

RETURN 
END 

.. ~ 
) 
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B.3.36 SUBROUTINE: PATHS? 

SUBROUTTNE PATHS7(NODEl,NODE2,REFNITD,NSL,LINKS,PATHS) 

~ ************~************************************** 
A * This subroutine finds wh~t links ~re ~djacent * * * to a given node and which are p~rt of the * * * system heing analyzed. * 
* *************************************************** * * NODE] ,NODE2=nodes describing links. 
* * REPNOD=node currently being considered. * *. NSI. =nIJmi:"Jer of system 1 ir"~.s. 
*. * LINKS =links in system. * *. NUMPTH=number of associations found. * A PATHS =link numb~rs ~f possible p~ths. * * Xl,X2 =mis~ell~neous use. 

INTEGER NODEI(150),NODE2ClSO),REFNOD,NSL,LINKSClSO), 
& NUMPTH,PATHS(6),Xl,X2 

*. * Initialize vari~bles. 
NUMPTH=O 
PATHS(I)=O 
PATHS(2)=O 
PATHS(3)=O 
PATHS(4)=0 
PATHS(S)=O 
PATHS(6)=O 

DO 10, L=l, NSL 

Xl=NODEl(LJNKSCL» 
X2=NODE2(LINKS(L» 
IF ( (Xl. EO. REF NOD ) • OR. (X2. EO. REFNOD) ) THEN 
NUMPTH=NUMPTH+] 
PATHS(NUMPTH)=LINKS(L) 
ENDIF 

10 CONTINUE 
RETURN 
END 

I. '::I;S'C' ..... ,.;. ..... , •. .J 
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B.3.37 SUBROUTINE: SAC 

SUBROUTINE SACCCNODE,I,ASAC,LEN) 

* * ACENOn --- NODEC ALWAYS TYPED 2 ), INDICATED THE BEGINNING OF THE SAC 
* ACELIN --- THE LINK OF THE ACCESS ROAD 
~ 

PARAMErER 
& NJDNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGE~ 

& RUNITl,RUNIT2,WUNITl,WUNIT2,CNODE,ACENOD,ACELIN,ATTLIN 

REAL 
& LLINK,LROAD,LENGTH,KM,IRAD,K,LEN 

COMMON 
~ IAREA2/NNODE,NTYPECNODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
S ANGLE(NODNUM),RCURB 
& IAREA3/NLrNK,NODEIC~INNUM),NODE2(LINNUM),LLINK(LINNUM), 

& UNITSCLINNUH),HULTICLINNUM),AREACLINNUM) 
~. IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROADCLINNUM) 
& IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
& IARFA26/ADJWD(LINNUM,2),AINTSCNODNUM),ALINK(LINNUM) 
& IAREA2?/ATTLIN(NODNUM,4),EXIT(NODNUM) 

ASAC=O.O 
LEN=O.O 

* DEFINE PI 
PI=ACOSC-l.0) 

k DETERMINE THE WIDTH OF THE CUL-DE-SAC ACCESS ROAD 
IF ( NOO~lCt).~O.CNODE) THEN 

ACENOD=NODE2(I) 
ELS~ 

ACENOD=NODEltI) 
ENDIF 

DO 411 J=1,4 

IF ( ATTLJN(ACENOD,J).EO.O .OR. ATTLIN(ACENOD,J).EG.I 
& GOT0411 

ACELIN=ATTLIN(ACENOD,J) 

411 CONTINUE 

~ WIDTH OF THF. ACCESS ROAD 
WT.THl=WROAD(ACELIN) 

tRAD=RADIUS(CNODE)-WROAD(I) 
CULSAC=O.5~PI~(RADIUSCCNODE)~~2.0-IRAD~~2.0) 
rRP=O.5~C2.0~RADIUSCCNODE)+WITHl)~LLINKCI) 

~ DETERMINE THE RADIUS AND THE LENGHT OF THE END PART OF THE ISLAND 
IF C LLINKCI).EG.O.O ) THEN 
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PRAD=IRAD 
K=O.O 
Goro 50 

ENDIF 

ANG=ATAN(TRAD/LLINK(I»A2.0 

IF ( ANG.Gr..(PI/2.0) ) THEN 

ELSE 

ENDIF 

PRAD=IRAD 
K=O.O 

PRAD=O.5 

PRAD=O.5, IF DfSIRED 
K=LLINK(I)-LLtNK(I'APRAD/IRAD 

50 Pl=O.5~PTAPRADAA2.0 
P2=O.5*K*(2.0*IRAD+2.0APRAD) 

ASAC=CULSAC+TRP-PI-P2 

TV=tRAD+WROAD(I)/2.0 
LEN=TV*PT~2.0*(LLINK(J)**2.0+TVAA2.0)**0.5 

END 
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B.3.38 SUBROUTINE: SSSDPTH 

SUBROUTINE SS5DPTHCCLINK,DPTHI,DPTH2) 

*********************************************************************** 
* * * SUBROUTINE SSSDPTH * 
* * *********************************************************************** 
* 
* * * XXXXXX-

* * * 

ATTLIN 

CLINK 

the links ~ssoci~te with the 9iven node. ( NOTE: m~x. link c~n 
~tt~ch to th@ 9iven nod~ is 4 ) 
cyrrent link in the memory. 

CNonE - curr~nt nod~ in the memory. 
S5 ... c:.ubscr i pt. 
SSLINK - c:.tarm s~wer elev. of ~ 9jven link. 
NODEI - ort9in node of the cyrrent link. 
NODE2 - dest. node of the cyrrent link. 
DPTHI th~ d@pth of ~xc~v~tion ~t origin node. 
DPTH2 - the depth of exc~v~tion ~t dest. node. 
1 - loop coynter 

PARAMET.ER 
~ NODNUM=lOO,LINNUM=150,INTNUM=10 

INTEGER 
, ATTLIN,CNODE,CLINK,SS 

COMMON 
& 
~ 

& 
& 
& 
& 
& 

IARFA2/NNODE,NTYPE(NODNUM),ELEVCNODNUM),RADIUSCNODNUM) , 
ANGLE (NOrtNUM) 
IARFA3/NI.TNK,NODEI(LINNUM),NODE2CLINNUM),LLINKCLINNUM), 
UNITS(LINNUM),MULTtCLINNUM),AREA(LINNUM) 
IAREA21/RUNIT.I,RUNIT2,WUNITI,WUNIT2 
IAREA27/ATTLIN(NODNUM,4),EXITCNODNUM) 
IAREA32/SSLINK(NODNUM,4) 

* save the or191n node 
CNODE=NODEI(CLINK) 

* * find the correct subscript to store the cyrrent link's 
* ~torm sewer elev. 

DO 100 J=I,4 
tF (ATTLTN(CNODE,J).EQ.CLINK THEN 

SS=J 
ENDIF 

100 CONTINUE 
SSLINK(CNODE,SS)=ELEV(CNODE)-DPTHI 
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* * 
* * save dpst node 

CNODE=NODE2CCLINK) 

* find thp ~Drrp~t subscript to store the current link's * ~torm sewer elev. 
DO 110 J=1,4 

IF (ATTLTN(CNODE,J).EG.CLINK THEN 
SS=J 

ENDIF 
110 CONTINUE 

SSLINK(CNODE,SS)=ELEV(CNODE)-DPTH2 

RETURN 
END 
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B.3.39 SUBROUTINE: SWTABLE 

SUBROVTINE SWTABLE(COL,DIA,UCOST,TCOST,PIPLEN) 

*********************************************************************** 
* * * SEWER/WATERMAIN SYST~M TABLE * 
* * 
*********************************************************************** 

* * * 

* k 

* 

PARAMETER 
& NODNUM=lOO,LINNUM=150,INTNUM=lO 

INTEGER XSEC,XSPA,YSEC,COL,YTOTAL,X,SPACE,WUNITI 

REAL 
& LLINK,nJACI.INNUM),UCOST(LINNUM),TCOST(LINNUM) 

CHARACTER*132 LINE,LINEl,tINE2,LINE3,LINE4 

COMMON 
& 
& 
& 
& 
& 
& 

IARFA2/NNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUSCNODNUM), 
RCURB 
IAREA3/NLINK,NODF1(LINNUM),NODE2(LINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTI(LINNUM),AREA(LINNUM) 
IAREA21/RUNITl,RUNIT2,WUNITl,WUNIT2 
IAREA39/LINE,LINEl,LINE2,LINE3,LINE4 

* cre~tp th~ t~ble 

* 

* 

YSEC=5 
XSEC=4 
XSPA=30 
CALL CLINE(XSPA,XSEC,COL,O,O) 
MCOL=XSPA*XSEC 

LENGTH=LEN('PIPE LENGTH') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+2 
LINE3(IFRONT:IFRONT+LENGTH)='PIPE I.ENGTH' 

LENGTH=LEN('LINK') 
IFRONT=lNT«S-LENGTH)/2.0)+2 
LINE3(IFRONT:IFRONT+LENGTH)='LINK' 

LENGTH=LFN('DIAMETER') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA+SPACE 
LINE3(IFRONT:IFRONT+LENGTH)='DIAMETER' 

LENGTH=LEN('UNIT COST') 
IFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*2+SPACE 
LINE3(IFRONT:IFRONT+LENGTH)='UNIT COST' 



* 
100 
*-

*. 

* '* 400 
500 

* *-
*-

LENGTH=tEN('TOTAL COST') 
tFRONT=INT«XSPA-LENGTH)/2.0)+COL+XSPA*.3+SPACE 
LINE3(IFRONT:IFRONT+LENGTH)='TOTAL COST' 

LINE3(COL+XSPA:COL+XSPA)=') , 
LINE4(COL+XSPA*3:COL+XSPA*3)=') , 

WRITE (WUNITl,400) LINE 
WRITE (WUNITl,400) LINE3 
WRITE (WUNITl,400) LINEI 

PIPLEN=O.O 
YTOTAL=YSEC+l 
no 100 1.=1 ,Nl. IN.' 

WRITE 

0 a 

RETURN 
ENII 

IF ( L. EQ. YTOTAI.) THEN 
WRTTr. (WUNITl,400) LINEI 
YTOTAL=YTOTAl.+YSEC 

ENt) IF 
IF ( IIrA(J.)'I3T.O.O) THEN 

PIP E = L LIm, ( L ) 
PIPLEN=PIPLRN+LLINK(L) 

ELSE 
PIPE=O.O 

ENIIIF 
TCOST(L)=UCOr.T(L)*.PIPE 

WRITE (WUNTT1,500) L,PIPE,IIIA(L),UCOST(L),TCOST(L) 
CONTINUE 

(WUNrTJ ,400) LINE 

FORMAT (lX,A132) 
FORMAT (JX r ' )',lX,I3,lX,')',8X,FJO.2,'m',lOX,'! ',8X,FlO.2 
,'mm',9X,') ',2(5X,'S',3X,FIO.2,lOX,')'» 
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B.3.40 SUBROUTINE: TAGPIT 

SUBROUTINE TAGPIT(NI.INK,NODEI,NODE2,ELEV,REFNOD,PITFLG) 
* *****************~*~********************************* * ~ This routine sets the fl~9 if a node is in a pit. * 
A ***************************************************** * A REFNOD=the node bein9 analyzed. 
* A pttetG=pit st~tus fla9. * * NUMPTH=number of possible paths. * A PATHD =~ list ot ID's ot possible paths. 

INTEGER NLINK,NODEl(100),NODE2(100),REFNOD, 
& PITFtG,NUMPTH,PATHS(6) 

REAL ELEV(]OO) 

CALL PATHSS(NI.INK,NODEI,NODE2,REFNOD,NUMPTH,PATHS) 
PITFLG=O 
DO 10, L=l, 4 
IF(PATHS(L).NE.O)THEN 

tF(ELEV(REFNOD).LE.ELEV(PATHS(L»)NUMPTH=NUMPTH-l 
IF(NUMPTH.EQ.O)PITFLG=l 

ENDIF 
10 CONTINUE 

END 
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B.3.41 SUBROUTINE: THREEWAY 

SUBROUTINE THREEWAY(ORIGIN,DEST,BRANCH,LAST,EXRLEN) 

~*******~~*~~~~*~~**~***~~~*~*~*~~**~~**~~~*****~~*~~~~~**~*******~*~**** 

* * ~ THREEWAY CHECKER * 
* *-
**********************************************************~************** 
* * 
* * * * * *-
A 
:J... 

* * ~ 

~ 

* ~ 

* *-

* 

ATTLIN - th@ link~ ~s~oci~te with the current node. ( NOTE: m~x. link C3 r 

~tt,;~r.h to the r,:'IJI'rerlt rlode is 4 ) 
CLINK rurrent link in the memory. 
CNOnt - curT' ertt, rlode i rl the memor y. 
NTYPF - node type. 
ORIGIN - thp ori9in node of the sequence of nodes comprisin9 3 street 

DEST. 
( one ~tI'eet m~y be r,:'ompo~ed of sever~l links ) 

- thp dp~t node of the sequence of nodes comprisin9 3 street 
( one ~treet m~y be compo~ed of sever~l links ) 

BRANCH - thp br~n~h of the p~th 
PATH - thp ljnks hetw@en two intersections or intersection/de~d 

TROAn 
CORlJtI 
DIRECT 
LAST 

en,jlcIJl-de-s.3c 
- type of ro~d/street 
- correspondin9 ro~d width of the 9iven link. 
- ~ fl~9 indic~tes the ori9in/dest node for ~ 9iven link: 
- the last link between two intersections or intersection/dead * end/cu]-de-s~c of the current br~nch. * EXRLtN - ~xtr~ street len9th 

*- LINK - ~torp the current link * RArrn - thp street length ratio 
A LOPCQN loop controller * eXTr - exit node. 
*- K - loop counter 

* *-
.J.; 

PARAMETEr.! 
& NODNUM::]OO,I.INNUM=150,INTNUM=IO 

INTEGER 
& RUNIT] ,RUNIT2,WUNITl,WUNIT2,ATTLIN,TROAD, 
8 CNODE,CLINK,PATH,BRANCH,ORIGIN,DEST,DIRECT,EXIT 

COMMON 
& IAREA'INNODE,NTYPE(NODNUM),ELEV(NODNUM),RADIUS(NODNUM), 
~ ANGLECNODNUM) 
& IARFA3/NLINK,NODEl(LINNUM),NODE2(LINNUM),LLINKCLINNUM), 
8 UNITSCLINNUM),MULTI(LINNUM),AREA(LINNUM) 
& IAREA4/LROAD(LINNUM),WROAD(LINNUM),TROAD(LINNUM) 
8 IAREA21/RUNITI,RUNIT2,WUNITl,WUNIT2 
, IAREA26/CORWDCLINNUM,2),AINTSCNODNUM),ALINK(LINNUM) 
8 IAREA27/ATTLINCNODNUM,4),EXIT(NODNUM) 
& IAREA28/STRLENCNODNUM,NODNUM,4),PATHCNODNUM,4,NODNUM) 
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:It 
A 

P.1ge B-245 

~ set the extr~ street length ( width of the ro~d/street ) to zero 
EXRLEN=O.O 

:I< check th~ str~~t condition * look for thr~~ w~y intersection 
A determine the v~lue of the Joop controller 

IF ( NTYP~CORIGtN).~O.3 .AND. NTYPECDEST).EO.3 THEN 

ELSE 

ENDIF 

LOPCON=2 
CNODE=ORIGIN 

IF C NTYPECORIGIN).EG.3 .OR. NTYPECDEST).EO.3 
LOPCON=l 
IF ( NTYPE(ORIGIN).F.O.3) THEN 

CNODE=ORIGIN 
ELSE 

CNODE=DEST 
ENDIF 

ELSE 
LOPCON=O 

ENDIF 

* loc~te the three w~y intersection 

DO 1 00 ~{= 1 ,I.OPCON 
~ determine the street length r~tio 

IF (K.GE.2) THEN 
CNODE=DEST 
RATIO=0.5 

ELSE 
RATIO=l.O 

r.NDIF 
IF ( LAST.RQ.l) THEN 

CLINK=PATH(ORIGIN,BRANCH,l) 

THEN 

IF ( (NTYPE(ORIGIN).EQ.3.0R.NTYPE(ORIGIN).EQ.4) .AND. 
& (NTYPE(DEST).EO.3.0R.NTVPE(DEST).EQ.4) ) THEN 

IF ( TROAD(CLINK).FO.l) THEN 
RATIO=O.5 

ENDIF 
ENDIF 

ENDIF 

IF (ORIGIN.NE.DEST THEN * che~k the origin link 
CLINK=PATH(ORIGIN,BRANCH,I) 
DO 110 J=1,4 

IF (CLINK.F.O.ATTLIN(CNODE,J) THEN 
LINK=CLINK 

ENDIF 
110 CONTINUE 

* * check the d~st link 
CLINK=PATH(ORIGIN,BRANCH,LAST) 
DO 120 J=1,4 

IF (CLINK.F.G.A~TLIN(CNODE,J) THEN 



120 

*. 

ELSE 

L Im~=CL Im( 
ENDIF 

CONTINUE 

IF K.EQ.J) THEN 
LINK=PATHCORIG!N,BRANCH,l) 

ELSE 
LINK=PATH(ORIGIN,BRANCH,LAST) 

ENtJIF 
ENII IF 

*. c~lcul~t@ th@ extr~ street len9th for pl~cin9 street li9hts 
IF ( NODEl(LINK).EG.CNOtJE) THEN 

II IRECT= 1 
ELSE 

tJIRECT=2 
ENIIIF 

-A 
* elimiate the ~ubdjvision's exits 

200 
205 
210 
220 

-A 
100 
*. 
*. 
*. 

IF ( EXIT(rNODE).EG.O) THEN 
EXRLEN=EXRLFN+RATIO*.CORWDCLINK,DIRECT) 

ENrl IF 

WRITE (088,~OO) ORIGIN;DEST 
WRITE (088,205) CNODE,LINK 
IF ( DIRECT.EG.l) THEN 

WRITE(OB8,210) NODEI(LINK) 
ELSE 

WRITE(088,2l0) NODE2(LINK) 
ENDIF 
WRITE (OR8 r 220) RATIO,EXRLEN 

RETURN 
END 

FORMAT (lX,' ORIGIN NODE :',3X,I3,3X,' DEST NODE :',3X,I3) 
FORMAT (lX,'CURRENT NODE :',3X,I3,3X,' LINK :',3X,I3) 
FORMAT (lX,' FROM NODE :',3X,I3) 
FORMAT. (IX,' RATIO :',3X,F9.3,3X,'EXTRA :',3X,F9.3,11) 

CONTINUE 



PROGRAM LISTING 

B.3.42 SUBROUTINE: TUBE 

SUBROUTINF TUBE(CNODE,I,ASAC,LEN) 

PARAMETER 
& NODNUM=lOO,LINNUM=lSO,INTNUM=lO 

INTEGER 
& RUNITl,RUNIT2,WUNITl,WUNIT2,CNODE 

REAL 
& LLINK,LROAD,LENGTH,KM,IRAD,ISLAND,LEN 

COMMON 
& 
& 
~ 

& 

& 
& 
& 

ASAC=O.O 
LEN=O.O 

IAREA~/NNODF,NTYPECNODNUM),ELEV(NODNUM),RADIUS(NODNUM), 

ANGLE(NODNUM),RCURB 
IAREA3/NLINK,NODFl(LINNUM),NODE2CLINNUM),LLINK(LINNUM), 
UNITS(LINNUM),MULTICLINNUM),AREA(LINNUM) 
IAREA4/LROADCLINNUM),WROAD(LINNUM),TROAD(LINNUM) 
IAREA21/RlJN IT 1, RUN IT2, WUN IT 1, WUN IT2 
IAREA26/ADJWDCLINNUM,2),AINTSCNODNUM),ALINKCLINNUM) 
IAREA27/ATTLINCNODNUM,4),EXIT(NODNlJM) 

* DEFTNF. PI 
PI=ACOS(-l.O) 

* MIN. RADIUS 
IRAD=O.5 

..\: ROAD I.F.NGTH 
TV=LLINK(I)-(ADJWD(I,1)+ADJWD(I,2»/2.0 

~ tENGHT OF THE ISLAND 
D=TV-2.0*(RADIUSCCNODE)-IRAD) 

~ GIZr. OF THE ISLAND 
ISLAND=IRAD**2.0*PI+D*IRAD*2.0 

* Dr.TERMINE THE AREA 

IF (RADIUS(CNODF).GE.WROADCI) THEN 

ASAC=O.S*RADIUS(CNODE)**2.0*PI+TV*WROADCI)
&ISLAND 

ELSE 

ASAC=O.S*RADIUS(CNODE)**2.0*PI+TV*2*<WROADCI)+IRAD)
&ISLAND 

ENDIF 

,. 
.. ' 



LEN=TV*2.0+RADIUS(CNODE).PI 

RETURN 

END 



PROGRAM LISTING 

B.4 FUNCTIONS USED BY RACAM 

B.4.1 SlIBROUTINE: ARITHA 

FUNCTION ARITHA (BASE,GRAD,INTRST,N) 

REAL AR!THA,BASE,GRAD,INTRST 

INTEGER N 

RATE=lNTRST/IOO.O 
W= ( 1. O+RATE )'\~N 

ARITHA=BASF+GRAD~(1.O/RATE-N/(W-l.0» 

END 
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8.4.2 SUBROUTINE: ARITHF 

*. 

FUNCTION ARJTHF (BASE,GRAD,INTRST,N) 

REAL ARtTHF,BASE,GRAD,INTRST 

INTEGER N 

RATE=INTRST/]OO.O 
W=(1.0+RATE)~~N 

~ find th~ lump sum 
ARtTHF=BASE*.(W-l.O)/RATE 

~ 

*. ~dd ARITHF to the 9r~dient series 
ARITHF=GRAD/RATE*.«W-l.O)/RATE-N)+ARITHF 

END 



PROGRAM LISTING 

B.4.3 SUBROUTINE: ARITHP 

FUNCTION ARITHP (BASE,GRAD,INTRST,N) 

REAL ARITHP,BASE,GRAD,INTRST 

INTEGER N 

RATE=INTRST/]OO.O 
W= (1. O+RATE H:/tN 

, find thp Jump s~m 

ARITHP=8ASE*(W-l.O)/(RATEltW) 
It 
/t ~dd ARJTHP to the 9r~dient series 

ARITHP=GRAD/RATE/t«W-l.O)/(RATE*W)-N/W)+ARITHP 
/t 
Ie 
Jr 

END 
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PROGRAM LISTING 

B.4.4 SUBROUTINE: UNFORH 

FUNCTION UNFORM(INTRST,N,PWORTH) 

REAL UNFORM,INTRST,PWORTH 

INTEGER N 
RATE=INTRST/IOO.O 
W=(l.O+RATE)**N 
UNFORM=PWORTH*(RATE*W/(W-l.O» 

ENfi 



PROGRAM LISTING 

B.4.S SUBROUTINE: UNFORMI 

fUNCT:ON UNFORM](INTRST,N,AWORTH) 

REAL UNt'ORM,tNTRST,AIJORTH 

INTEGET.( N 

RATE='NTRST/IOO.O 
101= ( 1. ('+RATE) ~~N 
UNFOR~1=AWORTH~«W-l.0)/(RATE~W» 

END 
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PROGRAM LISTING 

B.4.6 SUBROUTINE: UNFORM2 

FUNCTION UNFORM2(TNTRST,N,PWDRTH) 

REAL UNFORM,lNTRST,PWORTH 

INTEGER N 

RATE=INTRST/100.O 
UNFORM2=PWORTH*<1.O+RATE)**N 

END 



APPENDIX C 

SAMPLE DATA FILES 

This ~pp~ndix cont~jn~ ~amples of the two data files required by RACAM. 
The~p s~mple5 fil~~ us~ rl~t~ compiled from a study of Rykmans NeighbolJrhoori, a 
subdiyi~ion in Hamilton, Ontario. All data in the data files, except the ~CCOIJr 

dat~ in the p~onnrnic dat~ filp, is therefore actual data. The account ~~t~. 
tncluding acrount nam~~, numbers ~nd percent~ges, is fictional dat~ used only tr 
indtc~tp thp form~t of this portion of the d~ta file. 

The 'ir~t ~ample file con~i5ts of the economic d~t~, including unit 
costs, RACAM constants ~nd account inform~tion. The second sample file consist~ 
of link and node dat3, includin9 link and node characteristics and subdivision 
~re~~" Both types of data files are rpquired for RACAM execu~ion. 



, 
APPENDIX C 

C.l 
C.2 

SAMPLE DATA FILES 
Page 

ECONOMIC DATA ••••.•••••••••••••••.•• C-2 
LINK AND NODE DATA •••••••••••••••••• C-6 



SAMPLE DATA FILES f':~ge c-;::! 

5.i) 1 
5.0 ]0 
0::;.0 20 
~).O 50 
5.0 100 

13,0::; 10 
13.5 20 
13.5 50 
13.~ 100 
-1. -1 

150.00 
1500.00 

SOOoo.OO 
50000.00 

30.00 
25.00 
40::;,,00 

20.00 
IS.OO 
15.00 

140.00 165.00 )flO.OO ]90.00 420.00 00.00 
2:.'0.00 31.0.00 324.00 340.00 356.00 372.00 390.00 410.00 000.00 
272.00 314.00 828.00 344.00 3()0.OO 378.00 396.00 416.00 000.00 
312.00 350.00 372.00 388.00 406.00 424.00 442.00 462.00 000.00 
314.00 36?-.00 378.00 394.00 412.00 432.00 450.00 472.00 CoOO.OO 

00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00 ooo.ob 
<104.00 4~14. 00 468.00 484.00 502.00 520.00 538.00 558.00 000.00 
10.00 458.00 474.00 490.00 508.00 528.00 546.00 568.00 000.00 

414.00 ·~('2.00 480.00 496.00 51.6.00 534.00 556.00 ~76.00 000.00 
59~.O() ,;4( .. 00 6f.4. DO 682.00 700.00 720.00 742.00 71~.4.00 000.00 
'::iC)6. ,...,0 1;50.00 6G8.00 Ge8.0Ct 708.00 748.00 750.00 774.00 000.00 
C.00.00 :7;f,0 • () () 680.00 700.00 7:::!2.00 744.00 768.00 792.0(' 000.00 
7 (,{, • 0('- 8:1~ .. 00 8 r.:. 4 • 00 R71;.OO 898.00 922 .. 00 948.00 <.:)74.00 000.00 
772.0() 842.00 864.00 88C.00 912.()O 938.00 964.00 992.0C\ 000.00 
776.00 1152.00 876.00 900.00 926.00 954.00 982.00 1010.00 000. (:'0 
839.00 921.00 945.00 973.00 999.00 1029.00 10~7.00 1089.00 000.00 
843.00 t'J31 .00 957.00 985.00 1015.00 1045.00 107~.00 1107.00 000.00 
849.00 939.00 969.00 997.00 1029.00 1059.00 1093.00 1125.00 000.00 

1026.00 1122.00 1152.00 1184.00 1216.00 1248.00 1282.00 1318.00 000.00 
000.00 000.00 000.00 000.00 000.00 000.00 000.00 000.00 000.00 
960.0 
720.00 
900.00 
558.00 
404.00 454.00 46B.OO 484.00 502.00 520.00 538.00 558.00 598.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1284.00 
i 43.00 

.. ..,06.00 
1124.00 



SAMPLE DATA FILES 

1140.00 
1980.00 

425.00 
17.34 

:34'7.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

123-456-7f:1 C)7 
234-345-4561 
567-678-(;739 
132-354-4(,57 
756-143-647::! 

-1 
2 
2 '5. 
3 75. 
2 
1 51. 
3 49. 
4 , .. 

3 
4 
~ 
•• 1 

20. 
~~ 
....:" '-J .. 

30. 

1 35. 
3 25. 
5 40. 

2 G9. 
3 31. 
1 
4 100. 
~ 
~. 

4 50. 
5 50. 
3 
2 
3 
5 
2 

. 1 
3 
5 

10. 
20. 
70. 

98 • 
~ .... 

1 ~O. 

Aloysius & Sons. Rotorooters 
Sammy's C~ment Comp~ny 

City of Cucamonga 
Clancy's Construction 

Bonafide Buildings Limited 
-1 



SAMPLE DATA FILES P,3ge C -,,4 

"") 30. "" '; 40. 'J 

4 I:' 
~I • 

I:' I:' 
,_I ,..J • 

"") .'. 
1 1 0 . 
5 90. 
1 
""I 100. "" 
4 
1 30. 
""I ""II:' 
.:. ... ...J • 

" 20. '" :5 25" 
""I 
.:.. 

""I 50. .:.. 

3 50. 
1 .,. 100 . ...J 

:1 

3 15. 
4 29. 
5 56. 
2 
2 10. 
4 90. 
4 
1 19. 
':) l. . .' 
4 32. 
e:' 48. ~I 

1 
':) lOO. "J .,. 
"J 

1 20. 
I") 4 • ,,:,. 

3 26. 
4 ""Ie:' 

1iW..J. 
e:' 
,J 25. 
1 
5 100. 

II. 40] • C. 4 
13. 370. 6. 6 
10. 490. 3. 8 
15. 500. 7. 5 
12. 47(.. c:" 

~I • 7 
11- 40l. 8. 4 
13. 370. 6. 6 
10. 490. 3. 8 
15. 500. 7. 5 
12. 476. 5. 7 
II. 40l. B. 4 
13. 370. (; . (; 

10. 4<]0. 3. 8 
( 15. 500. 7. 5 
1 12. 476. co 7 ...J • 

II. 40l. 8. 4 



SAMPLE DATA FILES P~'3e C--5 

J. 3. :J~"O • 6. 6 
1 O. 41]0. ~ 8 ...J • 

'-15. 500. 7. 5 
12. 476. 5. ., 

I 

II. 401.. 8. 4 
13. ~70. 6. IS 
10. 490. .., 

8 oJ • 

15. 500. 7. 5 
12. 476. 5. 7 
.95 11. 6.34 9 
1- 13. 4.56 10 
l. JS. 3.99 7 

.87 11- 7.91 8 
• 95 1:;) • 5.67 11 
.85 II. 6.34 q 

l. 13. 4.56 10 
l. IS. 3.99 7 

.87 Jl. 7.91 9 
• 95 12 • 5.67 1 1 
. 85 1 1 • 6.34 9 
1. 11. 4.56 10 
1- 15. 3.99 7 

.87 1I. 7.91 9 

.95 J ::! • 5.67 11 

.95 1.I. 6.34 9 
I. 1 ~l • 4.56 10 
1. 1.5. 1.99 7 
0'" • 'oJ I 1 1 . 7.91 8 

. 95 1. 2 • 5.67 11 

. 85 1 J • 6.34 9 
l. 1.1. 4.56 10 , , c; 3.99 7 L • \,1 • 

.87 1.l. 7.91 8 
t:l.,. 

•. i J 1 ::! • 5.67 11 



SAMPLE DATA FILES P :'lgf? c-(; 

C.2 LINK AND NODE DATA 

-3 17.93 0.00 
8 20.05 0.00 
1 l(,.41 15.85 
1::-
.J 1:].51 0.00 
5 10.9::! 0.00 

-5 10.92 0.00 
3 20.22 0.00 

" 16.87 0.00 . .., 
2 19.46 0.00 
3 19.46 0.00 
1 17.3:.:! 13.41 
3 1.7.32 0.00 
" 2] . ~O 0.00 '" ':' 20.98 0.00 w 

" 19.76 0.00 ..:. 

1 1.9.46 14.63 
-4 17.J7 0.00 

.... ":I 
~ .. 1:3. 3~, 0.00 

-3 26. J (; 0.00 
3 ~~4.49 0.00 
3 24.79 0.00 
3 21.59 0.00 
2 21 • ] 3 20.73 
2 18.69 0.00 
2 20.0::1 0.00 
'"' 1.9.46 0.00 : ~ 

3 19.76 0.00 
1 18.85 15.85 
3 16.4] 0.00 

_':' 9.55 0.00 " 

3 13.97 0.00 
") 1.4.20 0.00 .:.. 

J 14.43 0.00 
0"') 17.02 0.00 .. ,., 15.65 0.00 .. 
1 17.17 14.63 
3 17.93 0.00 
1 18.69 14.63 
3 18.39 0.00 
2 24.79 0.00 
3 21.89 0.00 

-3 ':)1:" I:'C" 
...... :,). ;;..J~ 0.00 

3 20.98 0.00 
3 ',H.50 0.00 
1 24.79 15.85 
3 ~3.27 0.00 
2 2].44 0.00 
1 o 22. 6G 15.85 

-3 20.'~ 0.00 
4 20.98 0.00 
3 23.11 0.00 
1 18.24 15.85 
2 l8.DS 0.00 
3 16.26 0.00 
3 17.17 0.00 



SAMPLE DATA FILES P'3ge C-7 

,., 1.5.49 0.00 ... :. 
'") 16.4] 0.00 ,~ 

'") 1.1.8(=, 0.00 ~, 

-5 13.66 0.00 
2 1!':'i.BO 0.00 

-3 14.43 0.00 
99 99.00 99.00 

2 1. 126.49 0.00 0.00 0.56 0.00 
2 :) 120.40 14.00 0.00 0.82 257.55 
3 4 161.54 0.00 0.00 1..28 0.00 
4 5 121.92 0.00 0.00 0.66 0.00 
5 (; 38.10 0.00 0.00 0.16 0.00 
8 4 56.39 0.00 0.00 0.13 0.00 
7 2 89.92 0.00 0.00 0.32 0.00 
7 8 246.89 32.00 0.00 1. 26 464.82 

12 8 74.68 0.00 10.00 0.90 0.00 
7 10 60.96 0.00 0.00 0.19 0.00 

14 <J 76.20 0.00 0.00 1. 07 0.00 
9 10 246.89 ~6.00 35.00 2.13 323.09 

1.0 11 112.70 0.00 0.00 0.31 0.00 
11 12 167.64 30.00 0.00 0.95 324.90 
12 17 80.77 0.00 30.00 0.83 0.00 
16 17 167.64 32.00 0.00 0.91 324.90 
17 18 120.40 9.00 37.00 1.18 103.63 
17 29 80.77 0.00 0.00 0.89 0.00 
15 ] 0 71.63 0.00 0.00 0.80 0.00 
14 15 160.02 34.00 0.00 1. 13 472.44 
13 14 54.06 4.00 25.00 0.44 0.00 
20 13 48.77 2.00 13.00 0.28 24.38 
19 ~O 134.]1 0.00 0.00 0.63 0.00 
21 20 45.72 0.00 0.00 0.18 0.00 
21 40 70.] 0 15.00 0.00 0.41 161.54 
40 41 38.10 3.00 0.00 0.46 0.00 
21 22- 83.82 9.00 0.00 0.39 143.26 
'")'") 23 73.15 0.00 0.00 0.63 92.6G A"of .. , 

23 ~4 123.44 27.00 0.00 0.69 2'51.46 
2!1 24 00.77 7.00 0.00 0.71 97.54 
'")'") 
...:....:.. '5 152.40 25.00 0.00 0.82 381.00 
24 34 83.82 0.00 0.00 1.92 0.00 
41 :19 99.06 7.00 0.00 0.58 89.9:? 
38 39 21.34 6.00 0.00 0.22 85.34 
39 37 82.30 7.00 0.00 0.39 76.20 
37 36 59.44 6.00 0.00 0.63 77.72 
36 35 85.34 0.00 0.00 0.22 0.00 
35 33 169.16 19.00 0.00 0.83 239.27 
34 35 59.44 6.00 0.00 0.25 48.77 
26 34 57.91 8.00 0.00 0.29 124.97 
27 ~6 82.30 0.00 0.00 0.35 36.58 
27 29 179.83 27.00 0.00 0.99 329.18 
29 31 82.30 0.00 26.00 0.68 0.00 
3l 30 89.92 0.00 125.00 1. 77 0.00 
32 3] 83.82 7.00 23.00 0.73 89.61 
33 32 flO.77 2.00 0.00 1.15 41.45 
28 27 57.91 14.00 0.00 0.50 121.92 
57 33 54.86 0.00 0.00 0.55 0.00 
55 54 76.20 0.00 0.00 0.57 216.41 
54 61 196.60 33.00 0.00 1.05 416.05 



SAMPLE DATA EILEl:i l"' '''''':ll? 1_ - t·; 

58 5C) 42.67 0.00 0.00 0.00 0.00 
56 c:" ~I 

~_I / 39.6~ J .00 0.00 0.15 0.00 
~:; 1 ~!6 277.37 26.00 0.00 1.36 399.29 
46 ~] 185.64 19.00 0.00 1. 24 256.03 
45 4(, 64.01 13.00 0.00 0.65 201. 17 
46 44 ]00.58 0.00 20.00 1.14 0.00 
44 47 164.59 28.00 0.00 0.80 277.37 
47 37 85.34 16.00 0.00 0.83 187.45 
43 44 57.91 0.00 20.00 0.47 0.00 
42 43 170.69 0.00 0.00 0.97 0.00 
41 43 94.49 6.00 24.0(\ 0.59 89.92 
51 50 91 .44' 0.00 0.00 0.60 0.00 
48 50 67.06 13.00 0.00 0.45 198.12 
50 49 121.92 11. 00 0.00 0.66 156.97 
50 .... .,. 

.J ,.J 175.26 29.00 0.00 0.85 153.92 
52 53 33.53 1] .00 0.00 0.36 128.02 
1::"':) 
\ . .1,1 54 06.07 12.00 0.00 0.46 121.92 
55 60 176.78 31.00 0.00 1.02 513.59 
(:,0 .... 0 .. )' .. ' 103.63 13.00 0.00 2.74 115.82 
.,.~ 

~I I 
.,.n 
..J (, ]]4.30 10.00 0.00 1.04 216.41 

-1 -1. --1.00 -}. 00 -1.00 -1.00 -1.00 
135.64 ~6.00 1 
240.79 10.00 '") ... 

0.00 0.00 2 
0.00 0.00 2 
0.00 0.00 '") ... 
0.00 0.00 '") .'. 

82.30 20.00 1 
179.83 20.00 1 

74.68 ~O.OO 1 
60.96 20.00 1 
64.01 ~O.OO '") 

.c • 

245.3(, 20.00 ., ... 
0.00 0.00 2 

347.47 10.00 2 
80.77 '0.00 1 

347.47 10.00 '") ... 
112.78 20.00 1 
82.30 20.00 1 
71.63 20.00 1. 

220.98 20.00 1 
56.39 20.00 1 
48.77 20.00 1 

121.92 26.00 1 
45.72 20.00 1 
68.58 20.00 1 
38.10 20.00 1 
74.68 20.00 2 
65.53 20.00 2 

124.97 20.00 2 
82.30 20.00 2 

150.88 '0.00 
.., 
"-

0.00 0.00 2 
88.39 '0.00 2 
53.34 15.00 '") ... 
82.30 '0.00 ., 

'" 
149.35 10.00 2 



SAMPLE DATA FILES P:3ge C-C) 

0.00 0.00 2 
161.54 20.00 ~ .:.. 

59.44 ~O.OO 2 
57.91 ::!o.oo 2 
80.77 ·.~O. 00 2 

1.73.74 '0.00 2 
73. 1 ~ 20.00 1 

100.58 26.00 1 
73.15 20.00 1 
82.30 20.00 1 

124.97 10.00 2 
54.86 20.00 1 
60.96 20.00 2 

196.60 20.00 2 
0.00 0.00 2 

38.10 20.00 1 
278.89 20.00 1 
135.64 20.00 1 
128.02 10.00 2 
100.58 20.00 1 
153.92 20.00 2 
77.72 20.00 ~ 

.:. 

57.91 ·.~O. 00 1 
163.07 '0.00 1 
94.49 20.00 1 
82.30 26.00 1 

128.02 1.0.00 2 
120.40 26.00 1 
163.07 20.00 ~ 

.:. 

88.39 10.00 ~ 
.:. 

88.39 20.00 2 
1.78.31 '0.00 2 
103. r; ::1, 20.00 ~ .:.. 

l06.68 20.00 2 
1.5 140.2 106.7 0.0 
1.2 ,; . ] 262.1 0.0 
0.0 0.0 0.0 9. 1 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
1.2 91.4 67.1 0.0 
1.2 6.l 472.4 0.0 
1.2 3.0 134.1 0.0 
1.2 50.3 48.8 0.0 
1.2 G.l 125.0 0.0 
1.2 )03.6 373.4 0.0 
0.0 0.0 0.0 0.0 
1.2 6.1 353.6 9.1 
1 .2 9.1 125.0 0.0 
1.2 6.1 353.6 9.1 
1.5 6.1 217.9 0.0 
1.2 9.1 125.0 0.0 
1.2 83.4 54.9 0.0 
1.2 24.4 410.0 0.0 
1.2 3.0 105.2 0.0 
1.2 :1.0 82.3 0.0 
1.5 6.1 243.8 0.0 



SAMPLE DATA FILES t-'·~ge L-IO 

1.2 () • 1 1:>1.0 0.0 
1..2 ~.O 126.5 0.0 
1.2 :J.O ~9.4 0.0 
1.2 <") • J 135.6 0.0 
1.2 G. 1 1~6.5 0.0 
1..2 3.0 ~45.4 0.0 
1.2 6.1 158.5 0.0 
1.2 (; • J ~86.5 0.0 
0.0 0.0 0.0 0.0 
1.2 9.1 153.9 0.0 
1.2 6.1 64.0 7.6 
1.2 A.] 13] • 1 0.0 
1.2 3.0 129.5 9.1 
0.0 0.0 0.0 0.0 
1.2 9. 1 306.3 0.0 
1.2 :J.O 120.4 0.0 
1.2 3.0 1.09.7 0.0 
1.2 <:)J .4 59.4 0.0 
1.2 1.5 .. 2 1.(;4.6 0.0 
1.2 '1 • J 128.0 0.0 
l.~ 1.0 1(;9.2 0.0 
1.2 ~.O 155.5 0.0 
1 • ~ .j. 0 149.4 0.0 
1.2 A • ] ]34.3 9.1 
1.2 (, • 1. 82.3 0.0 
1.2 12.2 J09.7 0.0 
1.2 3.0 :176.4 0.0 
0.0 0.0 0.0 0.0 
1.2 3.0 (,7.1 0.0 
1.2 J87.5 356.6 0.0 
1.2 ( .• 1 253.0 0.0 
1.2 (-, . ] 163. ] 9.1 
1.2 C. 1 1'79.8 0.0 
1.2 q. 1 297.? 0.0 
1. • 2 9. 1 149.4 0.0 
1.2 (., . ] 56.4 0.0 
1.5 G.l 321.6 0.0 
1.2 6.1 163.1 0.0 
1.2 1.2.2 12B.O 0.0 
1.2 r, • ] 157.0 9.1 
1.5 6.1 214.9 0.0 
1.2 9 • ] 306.3 0.0 
1.2 3.0 112.8 9.1 
1.2 (; . ] 160.0 0.0 
1.2 G.l 341. 4 0.0 
1.2 (; • 1 199.6 0.0 
1.2 9.1 211.8 0.0 

11 J .0 0 .. 0 0.0 
18 1.0 0.0 0.0 
19 ] .0 0.0 0.0 
-1 ·"1.0 -1. 0 -1.0 

7.37 
0.28 

7.5 
12.0 
13.1 
1.9 
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76.9 
-1 

P.'3ge C-ll 



APPENDIX D 

SAMPLE OUTPUT FILE 

This appenQl~ cont~ins a sample RACAM output deta file. The input cia 
used for this RACAM run was obtained for R~~man's Nei2hbourMood~ O~tion ·c· 
Hamilton, Onterio. Some of the economic date used for this output is 

fictional, intended onl~ to demon~trete RAC~M operetion (See Appendix C). 



, 
APPENDIX 0 SAMPLE OUTPUT FILE 

Page 
0.1 UNIT COSTS •••••••••••••••••••.•...•• 0-2 
0.2 LINK DATA ••••••••••••••••••••••••••• 0-5 
0.3 NODE DATA •••••••••••.•••••.•.•••••••• D-7 
0.4 CALIBRATION DATA VALUES ••••.•••••.•• D-9 
D.5 WATERMAIN TRIBUTARY DATA ••••••.••.• D-10 
D.6 DOMESTIC SEWER TRIBUTARY DATA .•...• D-11 
0.7 STORM SEWER TRIBUTARY DATA .•..•••.. D-12 
0.8 WATERMAIN LINK DATA ...•••••..•.•••. D-14 
0.9 DOMESTIC SEWER LINK DATA ..••.....•• D-16 
0.10 STORM SEWER LINK DATA .•••••••••••.• D-18 
0.11 STORM SEWER SYSTEM DATA .•.....••••• D-20 
0.12 DOMESTIC SEWER SYSTEM DATA ......... D-22 
0.13 WATERMAIN SYSTEM DATA .•••.•••••...• D-24 
0.14 MANHOLES AND CATCHBASINS .••........ D-26 
D.15 STREET REQUIREMENTS .••.••.•........ D-28 
0.16 PAVEMENT INFORMATION .•.••••.....•.• D-30 
0.17 SIDEWALK REQUIREMENTS ..•..••.....•. D-32 
0.18 FAMILY UNITS .•. ~ .•••••............. D-34 
0.19 CONSTRUCTION COSTS ..•..•...•••..... D-36 
0.20 SUMMARY - CONSTRUCTION COSTS ......• D-38 • 
0.21 SITE SPECIFIC INFORMATION .......... D-39 
0.22 SUBDIVISION CONSTRUCTION COSTS ..... D-40 
0.23 SUBDIVISION DENSITY .•.•••••••...... D-41 
0.24 YIELD EFFICIENCY ................... D-42 
D. 25 INVESTMENT RATE OF RETURN GRAPH ...• D-4 3 
0.26 MAINTENANCE COSTS ••.....•.•........ D-45 
0.28 OPERATION COSTS ...•.........••....• D-46 
0.29 DETAILED ANALYSIS .••...•...•....... D-47 
0.30 CONSTRUCTION COST BREAKDOWN .•.....• D-48 
0.31 MAINTENANCE COST BREAKDOWN •...••••. D-51 
0.32 OPERATION COST BREAKDOWN •..•.•••..• D-55 
0.33 SUMMARY OF ACCOUNTS ................ D-59 



.( 

f 

SMPLE OUTPUT 

D.l UNIT PRICES 

IINIT PRICES 
========== 

DESCRIPTION 

STREET SIGN 
STREET LIGHT 

COlLECTOR STREET 
LOCAl STREET 

SIDEWALK 
BARRIER CURB I GUTTER 
ROLLED CURB , GUTTER 
BLVD CURB I GUTTER 

PARK DEVELOPMENT 
BUFFER DEVELOPMENT 

POWER (SINGI.E FAMILY) 
(MULTI FAMILY) 

GAS (SINGLE FAMILY) 
(ttUlTI FAMILY) 

PHONE (SINGLE FAMILY) 
(ttUlTI FAMILY> 

STREET SWEEPING 
WINTER ROAD 
ASPHALT MAINTENANCE 
CONCRETE MAINTENANCE 

SEWER ,.AINTEHANCE 
WATER MAINTENANCE 

SOLID WASTE COLLECTION 
STREET LIGHT I1AINTENANCE 
PARK , Jtf'FER flAINTENAHCE 

CATCHBASIN 
BASE, FRAKE, COVER, ETC. 
SHAFT 
LEAD DEPTH INDEX z 1 

DEPTH INDEX = 2 
DEPTH INDEX :r 3 
DEPTH INDEX z .. 

DEPTH INDEX = 5 
DEPTH INDEX = 6 
DEPTH INDEX = 7 
DEPTH INDEX = 8 
DEPTH INDEX = 9 

UNITS 

SlINTERSECTION 
IflIGHT 

SlSO M 
SlSO" 

SISO " 
SlM 
S/tt 
S/M 

SlHA 
lIMA 

I/UliIT 
SlUNIT 
"UNIT 
"UNIT 
SlUNIT 
SlUNIT 

I/KM/YR 
SlKMIYR 
I/KI1/YR 
I/KI1IYR 

S/KI1IYR 
SlKI1/YR 

SIHAlYR 
SlLIGHTIYR 

SlHAI'fR 

I/r.ATCHMSIN 
tlft-df,.th 

II" 
1/11 
SlI1 
SI" 
1/11 
1/11 
1111 
tiM 
1/11 

UNIT PRJCE 

150.00 
1500.00 

30.00 
25.00 

45.00 
20.00 
15.00 
15.00 

50000.00 
50000.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1284.00 
2043.00 
1606.00 
1124.00 

1140.00 
1980.00 

425.00 
17.34 

347.00 

900.00 
558.00 
404.00 
454.00 
468.00 
484.00 
502.00 
520.00 
538.00 
558.00 
598.00 



SNtPl£ OUTPUT 

KAHHOlE 
BASE, FRA"E, COVER, ETC. 
SHAFT 

"KAHHOLE 
SIlt-depth 

9bO.OO 
720.00 

Pase D-3 



WATERMAIH , 2.44 M OF COVER 
DIAMETER INDEX = 1 
DIAMETER INDEX = 2 
DIAMETER INDEX = 3 
DIAMETER INDEX = 4 
DIAMETER INDEX = 5 
DI~ETER INDEX = 0 

DOMESTIC SEWER (S'M) 

DIMETER INDEX = 1 
DIAItETER INDEX = 2 
DIAHETER INDEX = 3 
DIAftETER INDEX ~ 4 
DIA"ETER INDEX = S 

STORK SEVER (S'K) 

DIAMETER INDEX : 1 
DIAflETER INDEX: 2 
DIMETER INDEX = 3 
DIAHETER INDEX = 4 
DIAMETER INDEX = 5 
DlltltETER INDEX = 6 
DIAMETER INDEX : 7 
DIA"ETER INDEX = 8 
DIAMETER INDEX : 9 
DIAMETER INDE~ = 10 
DIAMETER INDEX = 11 
DIAMETER INDEX = 12 

1 

270.00 
212.00 
312.00 
314.00 

0.00 

404.00 
410.00 
414.00 
594.00 
596.00 
600.00 
766.00 
77'2.00 
776.00 
839,00 
843.00 
849.00 

DIAHETER INDEX = 13 1026.00 
DIAMETER INDEX = 14 0.00 

2 

310.00 
314.00 
358.00 
362.00 

0.00 

2 

454.00 
458.00 
462.00 
646.00 
650.00 
660.00 
832.00 
842.00 
852.00 
921.00 
931.00 
939.00 

1122.00 
0.00 

140.00 
165.00 
180.00 
190.00 
420.00 

0.00 

3 4 

324.00 340.00 
31.8.00 344.00 
372.00 388.00 
378.00 394.00 

0.00 0.00 

3 4 

468.00 4£14.00 
474.00 490.00 
480.00 49[..00 
664.00 682.00 
668.00 6£1£1.00 
680.00 700.00 
8S4.00 876.00 
86<4.00 888.00 
876.00 900.00 
9~5.00 973.00 
957.00 985.00 
969.00 997.00 

1152.00 1184.00 
0.00 0.00 

l£PTH INDEX 
5 6 7 8 9 

350.00 3n.0<I 390.00 410.00 0.00 
360.00 378.00 396.00 416.00 0.00 
406.00 424.00 ~~2.00 ~62.00 0.00 
412.00 432.00 450.00 472.00 0.00 

0.00 0.00 0.00 0.00 0.00 

DEPTH IMJlEX 
5 6 7 8 " 

502.00 520.00 538.00 sS8.00 0.00 
508.00 528.00 546.00 S68.00 0.00 
516.00 S34.00 556.00 576.00 0:00 
700.00 720.00 742.00 764.00 0.00 
70£1.00 748.00 150.00 774.00 0.00 
722.00 744.00 768.00 792.00 0.00 
898.00 922.00 948.00 974.00 0.00 
9t2.00 938.00 964.00 992.00 0.00 
926.00 954.00 982.00 1010.00 0.00 
999.00 1029.00 1057.00 1089.00 0.00 
lOJ~.OO 1045.00 1075.00 1107.0<1 0.00 
1029.00 1059.00 1093.00 1125.00 0.00 
1216.00 124£1.00 1282.00 131B.0{ 0.00 

0.00 0.00 0.00 0.00 0.00 



D.2 LINK DATA 

I INK DATA 
.:======= 

TYPE 1 = COLLECTOR STREET 
2 = LOCAl )TREET 

LINK NODE 1 
(I) (t) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
JS 
36 
37 
38 
39 
40 
41 
42 
43 

2 
2 
3 
4 
5 
8 
7 
7 

12 
7 

14 
9 

10 
11 
12 
16 
17 
17 
15 
14 
13 
20 
19 
21 
21 
40 
21 
22 
23 
25 
22 
24 
41 
38 
39 
37 
J6 
JS 
34 

. 26 
27 
27 
29 

FAftILY UNITS STREET 
LINK -------------- ---------------------

MOU£2 LENGTH SIN6LE HUlTI LENGTH WIDTH TYPE 
(~) (") (t) (I) (M) (M) 

1 126.49 
3 120.40 
.. 161.54 
5 121.92 
6 38.10 
4 56.39 
2 89.92 
8 246.89 
8 74.68 

10 60.96 
9 76.20 

10 246.89 
11 112.78 
12 167.64 
17 80.77 
17 167.64 
18 120.40 
29 80.71 
10 71.63 
15 160.02 
14 54.86 
13 48.77 
20 134.11 
20 45.72 
40 70.10 
41 38.10 
22 83.82 
23 73.15 
24 123.44 
24 80.77 
25 152.40 
34 83.82 
39 99.06 
39 21.34 
37 82.30 
J6 59.44 
3S 85.34 
3J 169.16 
JS 59.44 
34 57.91 
26 82.30 
29 179.83 
31 82.30 

O. 
14. 
o. 
o. 
O. 
O. 
O. 

32. 
O. 
O. 
O. 

26. 
o. 

30. 
O. 

32. 
9. 
O. 
O. 

J4. 
4. 
2. 
O. 
O. 

15. 
3. 
9. 
O. 

27. 
7. 

25. 
O. 
7. 
6. 
7. 
6. 
O. 

19. 
6. 
8. 
O. 

27. 
O. 

o. 
o. 
O. 
o. 
o. 
O. 
o. 
O. 

10. 
O. 
O. 

35. 
o. 
O. 

30. 
o. 

o. 
O. 
O. 

25. 
13. 
O. 
O. 
O. 
o. 
o. 
o. 
o. 
O. 
o. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 

26. 

135.6 
240.8 

0.0 
0.0 
0.0 
0.0 

82.3 
179.8 
74.7 
61.0 
64.0 

245.4 
0.0 

347.5 
80.8 

347.5 
112.8 
82.3 
71.6 

221.0 
56.4 
48.8 

121.9 
45.7 
68.6 
38.1 
74.7 
65.5 

125.0 
82.3 

150.9 
0.0 

88.4 
53.3 
82.3 

149.4 
0.0 

161.5 
59.4 
57.9 
80.8 

173.7 
73.2 

26.0 1 
10.0 2 
0.0 2 
0.0 2 
0.0 2 
0.0 2 

20.0 1 
20.0 1 
20.0 1 
20.0 
20.0 2 
20.0 2 
0.0 2 

10.0 2 
20.0 1 
10.0 2 
20.0 1 
20,0 1 
20.0 1 
20.0 1 
20.0 1 
20.0 1 
26.0 1 
20,0 1 
20.0 1 
20.0 1 
20.0 2 
20.0 2 
20.0 2 
20.0 2 
20.0 2 

0.0 2 
20.0 2 
15.0 2 
20.0 2 
10.0 2 
0.0 2 

20.0 2 
20.0 2 
20.0 2 
20.0 2 
20.0 2 
20.0 1 

ClIfCB I ~UTTER LENGTH . 

WALK -----------------------
WIDTH BARRIER ROlLED SLVD 
(") (M) (It) (It) 

1.5 
1.2 
0.0 
0.0 
0.0 
0.0 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
0.0 
1.2 
1.2 
1.2 
1.5 
1.2 
1.2 
1.2 
1.2 
1.2 
1.5 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
0.0 
1.2 
1.2 
1.2 
1.2 
0.0 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

140.2 
6.1 
0.0 
0.0 
0.0 
0.0 

91.4 
6.1 
3.0 

50.3 
6.1 

103.6 
0.0 
6.1 
9.1 
6.1 
6.1 
9.1 

88.4 
24.4 
3.0 
3.0 
6.1 
6.1 
3.0 
3.0 
9.1 
6.1 
3.0 
6.1 
6.1 
0.0 
9.1 
6.1 
6.1 
3.0 
0.(1 
9.1 
3.0 
3.0 

91.4 
15.2 
9.1 

106.7 
262.1 

0.0 
0.0 
,) .0 
0.0 

67.1 
472 • ., 
134.1 
48.8 

12~.0 

373.4 
0.0 

353.6 
125.0 
353.6 
217.9 
12S.0 
54.9 

410.0 
10~.2 

B2.3 
243.8 
61.0 

126.5 
59.4 

135.6 
126.5 
?4S.4 
lSS.5 
286.5 

0.0 
153.9 
64.0 

131.1 
129.5 

0.0 
306.3 
120.4 
109.7 
59.4 

164.6 
128.0 

0.0 
0.0 
9.1 
0.0 
0.0 
0.0 
{l.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.1 
0.0 
9.1 
{l.0 
0.0 
0.0 
0.0 
1).0 
0.0 
').0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.6 
0.0 
9.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

P~t' D-S 

FRONTAGE 
(It) 

0.0 
257.5 

0.0 
0.0 
0.0 
0.0 
0.0 

464.8 
0.0 
0.0 
0.0 

323.1 
0.0 

32A.9 
0.0 

321.9 
103.6 

0.0 
0.0 

412.4 
0.0 
2~.4 

0.0 
0.0 

IM.S 
0.0 

143.3 
92.7 

251.5 
97.5 

381.0 
/).0 

89.9 
8S.3 
76.2 
n.7 
0.0 

2:J9.3 
48.8 

125.0 
36.6 

329.2 
0.0 



~Wlnll , .......... -

44 31 30 89.92 O. 125. 100.6 26.0 1 1.5 3.0 169.2 0.0 0.0 
45 32 31 83.82 7. 23. 73.2 20.0 1 1.2 3.0 lSS.5 0.0 89.6 
46 33 32 80.77 2. O. 82.3 20.0 1 1.2 3.0 149.4 0.0 41.S 
47 28 27 57.91 14. O. 125.0 10.0 2 1.2 6.1 134.3 9.1 121.9 
48 57 33 54.86 O. O. 54.9 20.0 1 1.2 6.1 82.3 0.0 0.0 
49 55 54 76.20 O. O. 61.0 20.0 '2 1.2 12.2 109.7 0.0 216.4 
SO 54 61 196.60 33. O. 196.6 20.0 2 1.2 3.0 376.4 0.0 416.0 
SI 58 59 .. 2.67 O • O. 0.0 0.0 '1 0.0 0.0 0.0 0.0 0.0 
52 56 57 39.62 1. O. 38.1 20.0 1 1.2 3.0 67.1 0.0 0.0 
53 SI 56 2n.37 26. O. 278.9 20.0 1 1.2 187.5 356.6 0.0 399.3 
54 .. 6 51 13S.64 19. O. 135.6 20.0 1 1.2 6.1 253.0 0.0 256.0 
55 45 46 64.01 13. O. 128.0 JO.O 2 1.2 6.1 163.1 9.1 201.2 
56 46 4 .. 100.58 O. 20. 100.6 20.0 1 1.2 6.1 179.8 0.0 0.0 
S7 44 47 164.59 23. O. 153.9 20.0 2 1.2 9.1 297.2 0.0 277.4 
58 47 37 85.34 16. O. 77.7 20.0 2 1.2 9.1 149.4 0.0 187.4 
S9 .. 3 .... 57.91 O. 20. S7.9 20.0 1 1.2 6.1 56.4 0.0 0.0 
60 42 .. 3 170.69 O. O • 163.1 20.0 1 I.S 6.1 321.6 0.0 0.0 
61 41 .. 3 94."9 6. 24. 94.S 20.0 1 1.2 6.1 163.1 0.0 89.9 
62 51 50 91.44 O. O. 82.3 26.0 1 1.2 12.2 128.0 0.0 0.0 
63 .. 8 SO 67.06 13. O. 128.0 10.0 2 1.2 6.1 157.0 9.1 198.1 
64 SO .. 9 121.92 11. O. 120 ... 26.0 1 1.5 6.1 21".9 0.0 157.0 
65 SO SS 175.26 29. O. 163.1 20.0 2 1.2 9.1 306.3 0.0 153.9 
66 52 53 33.53 11. O. 88.4 10.0 2 1.2 3.0 112.8 9.1 128.0 
67 S3 54 86.87 12. O. 88.4 20.0 2 1.2 6.1 160.0 0.0 121.9 
68 55 60 176.78 31. O. 178.3 20.0 2 1.2 6.1 3"1.4 0,0 513.6 
69 60 58 103.63 13. O. 103.6 20.0 2 1.2 6.1 J99.6 0.0 115.8 
70 57 58 114.30 18. O. 106.7 20.0 2 t.2 9.1 211.8 0.0 216." 
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0.3 MOl£ DATA 

II()DE DATA 
======== 

TYPE 1 : COl DE SAC, DEAD-END, TERKINATION 
2 : DIRECTIONAl 
3 : 3-WAY STREET INTERSECTION 
4 :I 4-wAY STREET INTERSECTION 
5 :I OTHER 

NODE TYPE £lEV RADIUS 
(t) (K) (K) 

1 3 17.93 0.00 
2 3 18.24 0.00 
3 1 16.41 15.85 
4 5 13.51 0.00 
5 5 10.92 0.00 
6 5 10.92 0.00 
7 3 20.22 0.00 
8 2 16.87 0.00 
9 2 19.46 0.00 

10 3 19.46 0.00 
11 1 17.32 13.41 
12 3 . 17.32 0.00 
13 2 21.28 0.00 
14 3 20.98 0.00 
15 2 19.76 0.00 
16 1 19.46 14.63 
17 4 17.17 0.00 
18 3 13.36 0.00 
19 3 26.16 0.00 
20 3 24.49 0.00 
21 3 24.79 0.00 
22 3 21.59 0.00 
23 2 21.13 20.73 
24 2 18.69 0.00 
25 2 20.83 0.00 
26 2 19.46 0.00 
27 3 19.76 0.00 
28 1 18.85 15.85 
29 3 16.41 0.00 
30 3 9.55 0.00 
31 3 13.97 0.00 
32 2 16.10 0.00 
33 3 14.43 0.00 
34 2 17.02 0.00 
3S 2 15.65 0.00 
36 1 17.17 14.63 
31 3 17.93 0.00 
38 1 18.69 14.63 
39 3 18.39 0.00 
40 2 24.79 0.00 
41 3 21.89 0.00 



SMPLE WTPUT r.~ 1'-{' 

42 3 25.55 0.00 
43 3 20.98 0.00 
44 3 19.00 0.00 
4S 1 24.79 lS.8~ 

46 3 23.27 0.00 
47 2 21.44 0.00 
48 1 22.66 15.85 
49 3 20.22 0.00 
SO 4 20.98 0.00 
51 3 23.11 0.00 
52 1 18.24 15.85 
53 2 18.85 0.00 
54 3 16.26 0.00 
55 3 17.17 0.00 
56 2 15.49 0.00 
57 3 16.41 0.00 
58 2 13.36 0.00 
59 5 13.66 0.00 
60 2 15.80 0.00 
61 3 14.43 0.00 
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D.4 CAlIBRATION DATA 

CAL I BRA T ION D A T A V A L U E S 

E~;ti.ited no. of I'9OI'le livirul in each uni t defaul ted to 3.350 

Esti .. tt~ no. of PfOPl, per ,cr, defaulted to 17.200 

Thi .in. DOMESTIC SEWER Yllocitw within pipe ciefaul t.d to O.(lJO 

The .in. STORM SEWER ytlocit~ within pipe defaul ted to 0.610 

Tht wx. DOI£STIC S£WER Yllocitv within pi,.. defaul ted t.n 2.750 

TIlt alX. STORM SEWER Yllocitv within pip~ dlfhult~d t.o 3.650 

The .in. WATER Yllocitv within pipe de fau 1 ted t.o 1.750 

KA~HIH6's roughn'~~ coefficient of th. pi" defaultl!d to 0.013 

Kin. d.,th of COYfr for nDKESTIC SEWER defaulted t.o 2.750 

Kin. depth 01 coy~r for STORM SEWER dehul tP.d to 3.350 

KiX. spacini betwttn .inholes defaulted tfl 100.000 

Kax. spacin. between lishts dlftaultl!d to 70.000 

Expected doentic Wittr IJSt for WATERMAIH clefiul ted t.o 0.569 

Safl!tv factor for water conslJ8ltUon reol.i re.ents dtfaulttd t.o 2.000 



D.5 WATERtlAIN TRIBUTARY DATA 

WATERltAIN TRIWTAR'( DATA 
FHd Lin~s Receptor lin!: 
12 19 0 10 
8 10 0 7 
2 7 0 1 

1 0 0 150 
40 0 0 41 
41 47 0 42 
42 0 0 18 
9 14 0 15 

15 16 18 17 
17 O. 0 150 
30 0 0 31 
29 0 0 28 
28 31 0 27 
11 20 0 21 
2S 27 0 24 
21 0 0 22 
22 24 0 23 
23 0 0 150 
70 0 0 48 
39 0 0 38 
38 48 0 46 
46 0 0 45 
43 45 0 44 
44 0 0 150 
69 0 0 68 
66 0 0 67 
68 0 0 49 
49 67 0 50 
50 0 0 150 
36 0 0 58 
34 35 0 33 
58 0 0 57 
55 0 0 56 
26 33 0 61 
56 57 0 59 
59 61 0 60 
60 0 0 150 
52 0 0 S3 
53 54 0 62 
62 63 65 64 
64 0 0 150 



SMPl£ OUTPUT Pi!!' D-11 

D.6 ~STIC SEVER TRIBUTARY DATA 

DOMESTIC SEWER TRI~UTARY DATA 
Ft~ Links Rectptor link 

8 9 0 6 
2 0 0 3 
3 6 0 4 
4 0 0 5 
5 0 0 ISO 

12 0 0 13 
13 0 0 14 
14 0 0 15 
15 16 0 17 
17 0 0 ISO 
47 0 0 42 
42 0 0 43 
43 45 0 44 
44 0 0 150 
66 0 0 67 
67 0 0 50 
50 0 0 150 
25 0 0 27 
61 0 0 59 
27 0 0 28 
56 59 0 57 
26 0 0 33 
31 0 0 30 
28 0 0 29 
57 0 0 58 
33 34 0 35 
29 30 0 32 
35 58 0 36 
55 0 0 54 
32 40 0 39 
36 0 0 37 
54 0 0 53 
31 39 0 38 
53 0 0 52 
38 46 0 48 
65 0 0 68 
48 52 0 70 
68 0 0 69 
69 10 0 51 
51 0 0 150 
63 0 0 64 
64 0 0 150 



:iMt'1.t W I nil "'.lSl! 1'-1": 

D.7 ST~ saER 

STOR" SEWER TRIBUTARY DATA 
Feed I.in~,s Rece,tor link 

7 0 0 1 
1 0 0 150 
8 9 0 6 
2 0 0 3 
3 6 0 4 
4 0 0 5 
5 0 0 150 

23 24 0 22 
22 0 0 21 
21 0 0 20 
20 0 0 19 
11 0 0 12 
10 12 19 13 
13 0 0 14 
14 0 0 15 
15 16 0 17 
17 0 0 150 
41 47 0 42 
18 42 0 43 
43 4S 0 44 
44 0 0 150 
66 0 0 67 
65 0 0 49 
49 67 0 50 
50 0 0 150 
2S 0 0 27 
60 61 0 59 
27 0 0 28 
S6 S9 0 57 
26 0 0 33 
31 0 0 30 
28 0 0 29 
57 0 0 58 
33 34 0 35 
29 30 0 32 
35 58 0 36 
32 40 0 39 
36 0 0 37 
37 39 0 38 
53 0 0 52 
38 46 0 48 
48 52 0 70 
68 0 0 69 
69 70 0 51 
51 0 0 150 
55 0 0 54 
54 0 0 - 62 
62 63 0 64 
64 0 0 150 
8 9 0 6 
2 0 0 3 
3 6 0 4 
4 0 0 5 



SMPlE OUTPUT PiI!te D-13 

5 0 0 150 
12 0 0 13 
13 0 0 14 
14 0 0 15 
15 16 0 17 
17 0 0 150 
47 0 0 42 
42 0 0 43 
43 45 0 44 
44 0 0 150 
66 0 0 67 
67 '0 0 50 
50 0 0 150 
25 0 0 21 
61 0 0 59 
27 0 0 28 
5' 59 0 51 
26 0 0 33 
31 0 0 30 
28 0 0 29 
51 0 0 58 
33 34 0 35 
29 30 0 32 
3S 58 0 36 
55 0 0 54 
32 40 0 39 
36 0 0 31 
54 0 0 53 
31 39 0 38 
53 0 0 52 
38 46 0 48 
65 0 0 68 
48 52 0 70 
68 0 0 69 
69 70 0 51 
51 0 0 150 
63 0 0 64 
64 0 0 150 



D.8 WATERftAIH LINK DATA 

4ATERItAIH 
~======= 

TRIFUTARY REQUIRED 
LINK POPUlATION FLOW RATE DIAI'tETER 
(t) (t, (015) UU 

12 204. 0.03164 0.15173 
19 1. 0.00205 0.03859 
8 107. 0.02241 0.12168 

10 205. 0.03173 0.15193 
2 "7. 0.01"52 0.10279 
1 313. 0.03988 0.17034 
1 359. 0.04307 0.17702 

.. 0 27 • 0.01087 0.08893 
41 27 • 0.01087 0.08893 
47 47. 0.01452 0.10279 
42 164. 0.02812 0.14304 
9 34. 0.01220 0.09420 

14 101. 0.02165 0.12552 
15 235. 0.03409 0.15749 
16 107. 0.02241 0.12768 
18 165. 0.02821 0.14327 
17 661. 0.06057 0.20993 
30 23. 0.01015 0.08592 
29 90. 0.02048 0.12207 
28 90. 0.02048 0.12'07 
31 107. 0.02241 0.12768 
11 1. 0.00205 0.03859 
20 114. 0.02314 0.12975 
25 SO. 0.01505 0.10465 
27 228. 0.03356 0.15626 
21 212. 0.03228 0.15325 
22 262. 0.03623 0.16236 
24 278. 0.03741 0.16497 
23 540. 0.05405 0.19831 
70 60. 0.01655 0.10975 
39 20. 0.00937 0.08258 
38 ~. 0.01967 0.11962 
48 60. 0.01655 0.10975 
46 151. 0.02687 0.13981 
43 87. 0.02008 0.12087 
.. 5 251. 0.03539 0.16047 
44 757. 0.06545 0.21822 
69 "4. 0.01397 0.lOOB3 
66 37. 0.01281 0.09655 
68 147. 0.02655 0.13898 
"9 147. 0.02655 0.13898 
67 77. 0.01882 0.11703 
50 335. 0.04143 0.17362 
36 20. 0.00937 0.08258 
34 20. 0.00937 0.08258 

(' 
35 23. 0.01015 0.08592 
58 74. 0.01839 0.11567 
55 ..... 0.01397 0.10083 



SNtPl£ WTPUT Pa~1! JH5 

26 10. 0.00658 0.06917 
33 67. 0.01749 0.11281 
56 111. 0.02278 0.12873 
57 151. 0.02687 0.13981 
59 328. 0.04097 0.17265 
61 178. 0.02933 0.14609 
60 506. 0.05209 0.19467 
52 3. 0.00377 0.05235 
53 90. 0.02048 0.12207 
54 64. 0.01703 0.11131 
62 154. 0.02719 0.14064 
63 44. 0.01397 0.10083 
65 97. 0.02127 0.12440 
64 332. 0.04120 0.17314 



5MfU WIt'U1 , IP~" •. ,._ 

D.9 DONESTIC SEWER LINK DATA 

"OKESTIC SEWER 
.:=========== 

KINIKUK ACCEPTABLE PIPE VELOCITY (lt/S) = 0.610 
KAXIttUlt ACCEPTABl.E PIPE VELOCITY (lt/S) = 2.750 

HINIItUtt DEPTH Of GROUHD COVER OVER PIPE (H) = 2.750 

DEPTH Of EXCAlMnON 
TRIBUTARY GROUHD CALCULATED PIPE ------------------- AVERAGE 

LINK POPULATION FLOW RATE SlOPE DIAIIETER V£LOCITY SlOPE HODEl HODE2 DEPTH LIHK 
CI) ct) catS) CIVH) (H) (lt/S) (HIlt) (It) (ttl (H) (t> 

8 107. 0.00282 0.01357 0.07529 0.71067 0.('tl3~7 3.05000 3.05000 3.05000 8 
9 34. 0.00088 0.00603 0.05667 0.61061 0.0;!370 3.05000 ~.36965 3.70982 9 
2 ~7. 0.00123 0.01520 0.05~06 0.61061 0.01768 3.05000 3.34888 3.19944 .., .. 
3 47. 0.00123 0.01795 0.05239 0.61363 0.Ot795 3.34888 3.34888 3.34888 3 
6 1~1. 0.00370 0.05959 0.06317 1.29792 0.05959 4.:~"965 4.369b5 ".31-965 C 
4 188. 0.00494 0.02124 0.08538 0.98159 0.02124 4.36965 4.36965 4.369115 " 5 188. 0.00494 0.00000 0.21134 0.61061 0.00595 4.36965 4.59625 4.48295 5 

12 204. 0.00538 0.00000 0.21822 0.6t061 0.00555 3.10000 4.46957 3.78"79 12 
13 204. 0.00538 0.01897 0.09005 0.96852 0.01897 4.46957 4.46957 ..... 6957 13 
14 305. 0.00803 0.00000 0.25354 0.61061 0.00423 4.46957 5.17840 ".82399 14 
15 405. 0.01067 0.00186 0.18000 0.61061 0.00320 5.17840 5.28674 5.23257 15 
16 107. 0.00282 0.01366 0.07519 0.71306 0.Ot366 3.05000 3.05000 3.05000 16 
17 667. 0.01755 0.03164 0.12747 1.62649 0.03164 5.28674 5.28674 5.28674. 17 
47 47. 0.00t23 0.01571 0.05372 0.61061 0.01768 3.05000 3.16395 3.10697 47 
42 137. 0.00362 0.01863 0.07785 0.85637 0.01863 3.05000 3.05000 3.05000 42 
43 224. 0.00591 0.02965 0.08579 1.16573 0.0.2965 3.05000 3.05000 3.05000 43 
45 101. 0.00265 0.02541 0.06533 0.87171 0.02541 3.05000 .3.05000 3.05000 45 
44 744. 0.01958 0.04915 0.12228 1.96420 0.04915 3.05000 3.05000 3.05000 i4 
66 37. 0.00097 0.01819 0.04774 0.61061 0.02177 3.05000 3.16985 3.10992 66 
67 77. 0.00203 0.02981 0.05739 0.85022 0.02981 3.05000 3.05000 3.05000 67 
50 188. 0.00494 0.00931 0.09966 0.73354 0.00931 3.05000 3.05000 3.05000 50 
25 SO. 0.00132 0.00000 0.12896 0.61061 0.01670 3.05000 4.22099 3.635<19 25 
61 101. 0.00265 0.00963 0.07836 0.61947 0.00963 3.05000 3.05000 3.05000 61 
27 80. 0.00212 0.03818 0.05567 0.93930 0.03818 4.22099 4.22099 4.22099 27 
56 67. 0.00176 0.04245 0.05097 0.92341 0.04245 3.05000 3.05000 3.05000 56 
59 168. 0.00441 0,03419 0.07484 1.12450 0.03419 3.05000 3.05000 3.05000 59 
26 10. 0.00026 0.07612 0.02243 0.63628 0.07612 3.05000 3.05000 3.05000 26 
31 84. 0.00221 0.00499 0.08280 0.61061 O.Ot077 3.05000 3.93180 3.49090 31 
28 80. 0.00212 0.00629 0.07807 0.61061 0.01215 4.22099 4.57691 ".39895 28 
57 312. 0.00820 0.01482 0.11047 1.00020 0.01482 3.05000 3.05000 3.05000 57 
33 34. 0.00088 0.03533 0.04068 0.70188 0.03533 3.0s000 3.05000 3.05000 33 
34 20. 0.00053 0.01406 0.03992 0.61061 0.03693 3.05000 3.53816 3.29408 34 
29 171. 0.00450 0.01977 0.08356 0.93171 0.01977 4.57691 4.57691 4.57691 29 
30 107. 0.00282 0.02649 0.06641 0.90048 0.0'1649 3.93180 3.93180 3.93180 30 
35 77. 0.00203 0.00559 0.07855 0.61061 0.01156 3.53816 4.02970 3.7a393 35 
sa 365. 0.00961 0.04113 0.09683 1.50655 0.04113 3.05000 3.05000 3.05000 58 
55 ..... 0.00115 0.02375 0.04835 0.66161 0.02375 3.05000 3.05000 3.05000 SS 
32 278. 0.00132 0.01992 0.10015 1.07760 0.01992 4.57691 4.57691 4.51691 32 
40 27. 0.00071 0.04213 0.03620 0.69867 0.04213 3.05000 3.05000 3.05000 40 
36 462. 0.01217 0.01279 0.13170 1.05779 0.Ot279 4.02910 4.02970 4.02970 36 
54 107. 0.00282 0.00118 0.11902 0.61061 0.00818 3.05000 4.08056 3.51-528 54 
37 462. 0.01217 0.01781 0.12376 1. t9411 0.01781 4.02970 4.02970 4.02970 37 



SNf't.E OOTPUT Pa!!e D-17 

39 325. 0.00856 0.02305 0.10332 1.18471 0.02305 4.57691 4.57691 4.57691 39 
53 194. 0.00512 0.02747 0.08244 1.08634 0.02747 4.0El056 4.08056 4.0El056 53 
38 851. 0.02241 0.00721 0.18431 0.98613 0.00721 4.57691 4,57691 4.57691 38 
46 7. 0.00018 0.02068 0.02460 0.61061 0.09684 3.05000 9.20149 6.12574 46 
65 97. 0.0()256 0.02174 0.06642 0.81S67 0.On74 3.05000 3.05000 3.05000 65 
48 858. 0.02~8 0.03609 0.13668 1.82398 0.03609 3.05000 3.05000 3.05000 48 
52 198. 0.00520 0.02322 0.08563 1.02896 0.02322 3.()5000 3.05000 3.05000 52 
68 201. 0.00529 0.00775 0.10585 0.70017 0.00775 3.05000 3.05000 3.05000 68 
69 245. 0.006 .... 0.02355 0.09250 1.09961 0.02355 3.05000 3.05000 1.05000 69 
70 1116. 0.02874 0.02668 0.15833 1.73553 0.02668 3.05000 3.05000 .3.05000 70 
51 1360. 0.03368 0.00703 0.21577 1.09032 0.00703 3.10000 3.10000 3.10000 51 
63 44. 0.00115 0.02505 0.04787 0.67349 0.02505 3.05000 3.05000 3.05000 63 
64 SO. 0.00212 0.00623 0.07820 0.61061 0.01115 3.05000 3.64990 3.34995 64 



SNIPlE OOTM P,St D-IB 

D.I0 ST~ SEYER LINK DATA 

STORK SEIlER 
.========== 

KIHlMUIt ACCEPTABlE PIPE VELOCITY (K/S) = 0.610 
KAXI~ ACCEPTABlE PIPE VELOCITY (lt/S) ~ 3.650 

"INIMUK DEPTH OF GROUND COVER OVER PIPE (It) = 3.~ 

DEPTH OF EXCAVATION 
TRIBUTARY GROUNO CIIlOJtATED PIPE AlJERAGE 

LINK ~ATIOM FLOW RATE SlOPE DIMETER VELOCITY SLOPE HODEl NOlIE2 DEPTH LINK 
(t) (HA) (tItS) (tVIt) (It) (IllS) (lt/lt) (It) UO (It) (I) 

7 0.32000 0.01472 0.02202 0.12772 1.30953 0.02'02 3.75000 3.75000 3.75000 7 
1 0.88000 0.03144 0.00245 0.25622 0.72208 0.00'245 3.75000 3.75000 3.75000 1 
8 1.26000 0.04115 0.01351 0.20564 1.4~asO 0.01357 3.15000 3.75000 3.75000 S 
9 0.90000 0.03197 0.00603 0.21782 1.01872 0.00603 3.75000 3.75000 3.750no q 

2 0.82000 0.02982 0.01520 0.17840 1.40206 0.O1~20 3.75000 3.75000 3.75000 2 
3 2.10000 0.06036 0.01795 0.22527 1.80170 0,0\795 3.75000 3.75000 3,75000 3 
6 2.29000 0.06441 0.05959 0.18433 2.84591 0.05959 3.75000 3.75000 3.75000 6 
4 5.05000 0.11656 0.02124 0.27936 2.'22948 0.02124 3.75000 3.75000 3.75000 " 5 5.21000 0.11932 0.00000 0.69760 0.61061 0.()('I0~4 4.20000 4.22431 4.2121~ 5 

23 0.63000 0.02447 0.01245 0.17196 1.23581 0.01245 3.75000 3.75000 3.75000 23 
24 0.18000 0.00956 0.00656 0.13633 0.7~173 0.00~56 3.75000 3.75000 3.75000 24 
22 1.09000 0.03691 0.06582 0.14683 2,51885 0.06582 3.75000 3.75000 .~.75000 

.,., ..... 
21 1.53000 0.04760 0.00547 0.25752 1.08349 0.00~7 3.75000 3.75000 3.75000 21 
20 2.66000 0.07207 0.00762 0.28269 1.34187 0.00762 3.75000 3.75000 3.75000 20 
11 1.07000 0.03640 0.01995 0.18271 1.63491 0.()199~ 3.75000 3.75000 3'. 7~OO(l 11 
10 0.19000 0.00996 0,01247 0.12272 0.953S9 0.01247 3.75000 3.75000 3.75000 10 
12 3.20000 0.08278 0.00000 0.60823 0.61061 0.00084 4.20000 4.40665 4.3033:' 12 
19 3.46000 0.08778 0.00419 0.34057 1.13418 0.00419 3.82500 3.82500 3.82500 19 
13 7.16000 0.15145 0.01897 0.31478 2.30946 0.01897 4.40~6S 4.406b5 4.40665 13 
14 8.11000 0.16628 0.00000 0.79006 0.61061 0.00051 4.40665 4.49257 4.44961 14 
15 8.94000 0.17889 0.00186 0.51806 0.97518 0.00186 4.49'S7 4.492~7 4.49257 15 
16 0.91000 0.03224 0.01366 0.18742 1.37793 0.01366 3.75000 3.75000 3.75000 16 
17 11.03000 0.20942 0.03164 0.32296 3.03108 0.03164 4.49257 4.49257 4.49257 17 
41 0.35000 0.01574 0.00365 0.18351 0.70191 0.00365 3.75000 3.75000 3.75000 41 
47 0.50000 0.02057 0.01571 0.15426 1.27933 0.0157J 3.75000 3.75000 3.75000 47 
18 0.89000 0.03171 0.00941 0.19973 1.19778 0.00941 3.75000 3.75000 ~~.75000 18 
42 1.84000 0.05466 0.01863 0.21555 1.78057 0.01863 3.75000 3.7SOOO 3.75000 42 
43 3.41000 0.08683 0.02965 0.23500 2.37857 0.029'5 3.75000 3.75000 3.15000 43 
45 0.7lOOO 0.02733 0.02541 0.15680 1.64581 0.02541 3.75000 3.75000 3.75000 45 
44 5.91000 0.13115 0.04915 0.24950 3.18732 0.04915 3.7S000 3.75000 3.75000 44 
66 0.36000 0.01608 0.01819 0.13684 1.25469 0.01819 3.75000 3.75000 3.75000 66 
65 0.85000 0.03063 0.02174 0.16852 1.60617 0.02174 3.75000 3.75000 3.7501)0 65 
49 1.42000 0.04501 0.01194 0.21782 1.43415 0.01194 3.75000 3.75000 3.75000 49 
67 0.82000 0.02982 0.02981 0.15n3 1.78610 0.02981 3.75000 3.75000 :~.75000 67 
50 3.29000 0.08452 0.00931 0.28908 1.49496 0.00931 3.75000 3.~0 3.7SOOO 50 
25 0.41000 0.01773 0.00000 0.34126 0.'1061 0.00238 3.82500 3.99194 J.90847 25 
60 0.97000 0.03382 0.026n 0.16819 1.78248 O.02l-n 3.75000 3.75000 3.7S000 60 
61 0.59000 0.02329 0.00963 0.17715 1.11097 0.00963 3.75000 3.75000 3.75000 61 
27 0.80000 0.02927 0.03818 0.14907 1.93861 0.03818 3.99194 3.99194 3.99194 27 
56 1.14000 0.03817 0.04245 0.16143 2.17518 0.04245 3.75000 3.75000 3.75000 56 
59 2.03000 0.05884 0.03419 0.19774 2.26~65 0.03419 3.75000 3.75000 3.75000 S9 
26 0.46000 0.01933 0.07612 0.11210 2.19854 0.07612 3.75000 3.75000 3.75000 26 



SMPlE OUTPUT Pa!il D-19 

31 0..820.0.0. 0..0.2982 0.00499 0.21986 0..93217 0.00499 3.75000 3.75000 3.750.00. 31 
28 1.43000 0.0.4525 0..0.0.629 0..24614 1.12964 0..00.629 3.99194 3.99194 3.99194 28 
57 3.91000. 0.09731 0.01482 0..27930. 1.86245 0.01482 3.75000 3.75000 3.75000 57 
33 1.0.4000 0..0.3563 0..0.3533 0.16283 1.99866 0..03533 3.7~000 3.75000 3.75000 33 
34 0..220.00 G.OUll 0..0140.6 0..1250.4 1.02679 0..01406 3.75000 3.75000 3.75000 34 
29 2.120.0.0. 0.0.6079 0.01977 0.22183 1.86997 0.01977 3.99194 3.99194 3.99194 29 
30. 1.53000 0..0.4760 0..0.2649 0.19157 1.95Gt9 0..02649 3.7500.0 3.75000. 3.75000 30 
3S 1.65000 0..05037 0..00559 0.26198 1.10476 0.0.0559 3.75000 3.75000 3.75000 35 
58 4.80000 0.11221 0.04113 0.24332 2.86921 0.04113 3.7500.0 3.75000 3.75000 58 
32 5.57000 0.12545 0.01992 0.29065 2.19161 0.01992 3.99194 3.99194 3.99194 32 
40 0.29000 0.01367 0.04213 0.1100.0 1.60925 0.0.4213 3.7500.0 3.7500.0. 3.750.00. 40. 
36 1.08000 0.15018 0.01279 0.33790 1.97194 0..01279 3.8250.0. 3.82500 3.8250.0. '36 
37 1.30000. 0.15361 0.01781 0.320.28 2.25885 0..0.1781 3.82500. 3.8250.0. 3.82500 37 
39 6.11000 0.13447 0..02305 0.29021 2.35413 0..02305 3.99194 3.99194 3.99194 39 
53 1.36000 0.04358 0.02147 0.18407 1.92693 0..02747 3.75000 3.75000 3.75000 53 
38 14.24000 0.25364 0.00721 0.45789 1.82242 0..00121 3.99194 3.99194 3.99194 38 
46 1.15000 0.03842 0.02068 0.18520 1.68117 0..02068 3.7500.0. 3.750.00 3.75000 46 
48 15.94000 0.27603 0.03609 0.34941 3.31212 0.03609 3.82500 3.82500 3.82500 48 
52 1.51000 0.04713 0.02322 0.19564 1.85407 0.0.2322 3.82500 3.82500 3.82500 52 
68 1.02000 0.03512 0.00715 0.21523 1.14614 0..0.0775 3.75000 3.75000 3.75000 68 
69 3.76000 0.09343 0.02355 0.25221 2.21699 0..02355 3.75000 3.75000 3.75000 69 
70 18.49000 0.30.852 0.02668 0.38559 3.12921 0.02668 3.90000 3.90.000 3.90000 70 
51 22.25000 0..35447 0.00703 0.52161 1.89886 0..0.0703 3.9750.0 3.97500 3.97500 51 
55 0.65000 0..0.2505 0..0.2375 0.15370 1.56651 0.02375 3.75000 3.75000 3.75000 55 
S4 1.89000 0.05577 0.00118 0.36436 0.61880. 0..00118 3.82500. 3.82500 3.82500 54 
62 2.49000 0.06859 0.02329 0..22506 2.0.5232 0.0.2329 3.82500. 3.8250.0. 3.82500 62 
63 0.45000 0.01901 0..02505 0.13122 1.47585 0..0.2505 3.750.00 3.75000 3.750«)0 63 
64 3.600.00 0.090.43 0.00623 0..31965 1.33632 0..00623 3.8250.0. 3.8250.0 3.82500 04 



SNIPLE OUTPUT Pilse (\-2(1 

TOR" SEW E R S Y S T E " 
!-----------------------------------------------------------------------------------------------------------------------------1 
!LIHK ! PIPE LENGTH DIAKETFR! UNIT COST TOTAL rOST 
!-----t--------------------------+-----------------------------+----------~-----------------+-----------------------------I 

1 ! 126.49. 300.00t. $ 468.00 $ 59197.32 
2 ! 120.40. 300.00.., 468.00 $ 56347.20 
3 ! 161.54. 300.00.. $ 468.00 $ 75600.72 
4 ! 121.92. 300.00u $ 468.00 $ 57058.5b 
5 ! 38.10. 750.00... 700.00 $ 26670.00 

-I -----------+--------------------+----- ----------t----------------------! 
6 ! 56.39. 300.00aa' 468.00 • 26390.52 
7 ! 89.92. 300.00.. $ 468.00 $ 42082.56 
R ! 246.89. 300.00.. $ 468.00 $ 115544.52 
9 ! 74.68. 300.00..! • 468.00 $ 34950.24 

10 ! 60.96. 300.00..! • 468.00 • 28529.28 

!----f-------------------------f---------------------------+-------------------------+--------------------------1 
11 ! 76.20. 300.00.. $ 468.00 • 35661.60 
12 ! 246.89. 750.00.. $ 700.00 • 172823.00 
13 ! 112.78. 375.00... 490.00 $ 55262.20 
14 ! 167.64. 9OO.00a.. 876.00 $ 146852.64 

! 15! 80.77. 525.00..! • 682.00 $ 55085.14 

!-----+--------------------------f---------------------+---------------------f---------------------------! 
16 ! 167.64. 300.00.. $ 468.00 • 78455.52 
17 ! 120.40. 375.00.. $ 490.00 $ 58996.00 
18 ! 80.77. 300.00.. $ 468.00 • 37800..36 

( 19 ! 71.63. 375.00.. $ 474.00 • 33951.62 
20 ! 160.02. 300.00..' 468.00 • '''889.36 

!----+--------------------- -+ --------------f--------------------------f------------------------____ 1 
21 ! 54.86. 300.00... 468.00 • 25674.18 
22 ! 48.77. 300.00..' 468.00 • 22£124.36 
23 ! 134.11. 300.00... 468.00 '62763.-18 
24 ! 45.72. 300.00.., 46R.00 '21~q6.96 

2S ! 70. to. 375.001.' "7".00 • 33227,40 

!-----+-------------------------f-----------------------f---------------------------f------------------------, 
26 ! 38.10. 300.00... 468.00 $ 17830.80 
27 '83.82. 300.00..' 468.00 • 39227.76 
28 ! 73.1S. 300.00.. $ 468.00 $ 3"234.20 
29 ! 123.44. 300.00.. $ 468.00 • 57769.92 
30 ! 80.77. 300.00M' 468.00 • 37800.36 

!-----f------- . ------f--------------------------t ----------------f---------------------------! 
31 ! 152.40. 300.00u' 468.00 • 71323.20 
J2 ! 83.821 300.00u' "68.00 • J9227.76 
33 ! 99.06. JOO.Oo... 468.00 • 46360.08 
J4 ! 21.34. JOO.oo... 468.00 • 9987.12 
35 ! 82.30. 3OO.00H' 468.00 ,38516.40 

1 • -----------------------+----------------------------+---------------------------f-------------------------! 
36 ! 59.44. 375.00a.. 474.00 • 28174.56 
37 ! -85.J4. 375.00... 474.00 • 40451.16 
38 ! 169.161 525.00... 664.00 , 112322.24 
39 ! 59.44. JOO.oo.a! • 468.00 • 27817.91 

! 40! 57.91. 3OO.00..! • 468.00 • 27101.88 

·-----1 -----------------f---------------------f------------------------f---------------------------! 
41 ! 82.30. 300.00... "68.00 • 38516.40 
42 ! 179.83. JOO.OOaa' "68,00 • 84160.44 
43 ! 82.30. 300.00..' 468.00 • 385t6.40 



Pa~f 0-21 

! 44! 89.92. 300.00..' 468.00 '42082.56 
! 45! 83.82. 300.00.. S 468.00 S 39227.76 

.-----+-----------------------------+-----------------------------+-----------------------------+-------------------------
46 ! 80.77. 300.00.., 468.00 S 37800.36 
47 ! 57.91. 300.00.. S 468.00 S 27101.88 
48 ! 54.86. 375.00..' 474.00 '26003.64 
49 ! 76.20. 300.00.., 468.00 '3566t.60 
SO ! [96.601 300.00ae' 468.00 • 92008.80 

-----+-----------------------------+-----------------------------+-----------------------------+--------_:_------------------! 
51 ! 42.67. 525.00..' 664.00 • 28332.88 
52 ! 39.62. 300.00... 468.00 • 18542,16 
53 ! 277,37. 300.00aa' 468.00 , 129809.16 
54 ! 135.64. 375,00aa. 474.00 '64293.36 
55 ! 64.01. ! 300.00.. !, 468.00 '29956.68 

!-----+--------------- ------t-----------------------------+-----------------------------+-----------------------------! 
56 ! lOO.sa. 300.00..' 468.00 '47071.44 
57 ! 164.59. 300.00... 468.00 • 77028.12 
58 ! 85.34. 300.00.., 468.00 '39939.12 
59 ! 57.91. 300,001.' 468.00 '27101.88 
60 ! 170.69. 300.00.., 468.00 '79882.91 

-----+-----------------------------+-----------------------------+-----------------------------+-----------------------------! 
61 ! 94.491 300.00.., 468.00 S 44221.32 
62 ! 91.44. 300,00.. S 468.00 • 42793.92 
63 ! 67.061 300.00..' 468.00 • 31384.08 
64 ! 121.921 375.00..! S 474.00 '57790.08 
65 ! 175.26. ! 300.00.. !. 468.00 • 81021.68 

!-----+-----------------------------+-----------------------------+-----------------------------+-----------------------------! 
66 ! 33.53. 300.00.. S 468.00 • 15692.04 
67 ! 86.87. ! 300.00.. • 468.00 • 40655.16 
68 ! 176.78. ! 300.00.. • 468.00 • 82733.04 
69 ! 103.63. 300.00.., 468.00 • 48498.84 
70 ! 114.30. 450.00.. S 480.00 S 54864.00 

!-----------------------------------------------------------------------------------------------------------------------------! 
!TOTAl! 7193.29. $ 3569873.00 

!-----------------------------------------------------------------------------------------------------------------------------, 



SIIftPI.E OOTPUT 

D.12 DOKESTIC SEWER SYSTE" DATA 

DO" EST I C SEW E R S v S T E " !---------------__________________________________________________________________________________________________ ------------1 

!LINK ! PIPE LENGTH DIAMETER UNIT COST TOTAL COST 

-----+-----------------------------+-----------------------------+-----------------------------i-----------------------------1 
1 ! 0.00. 0.00.. S 0.00 S 0,00 
2 ! 120.40. 200.00.. S 310.00 '37324.00 
3 ! 161.54. 200.00.. S 310.00 • 50077.10 
4 ! 121.92. 200.00a. S 340.00 S 41452.80 
5 ! 38.10. ! 250.00.. ! S 344.00 S 13106.10 ! ____ + ____________________ +-________________ -+ ____________________ + ____________________________ 1 

6 ! 56.39. 200.00.. S 340.00 S 19172.60 
7 ! 0.00. 0.00... 0.00 S 0.00 
8 ! 246.89. 200.00a. S 310.00 S 76535.90 
9 ! 74.6S. 200.00.. S 324.00 S 24190.32 

10 ! 0.00. 0.00.. S 0.00 S 0.00 

----+-----------------------------i--------------------------+--------------------------+----------------------------1 
11 ! 0.00. 0.00..' 0.00 • 0.00 
12 ! 246.89. 250.00.. S 328.00 S 80979.92 
13 ! H2.7S. 200.00.. • 3"0.00 S 383~5.20 
14 ! 167.64. 300.00..' 40t-.00 S 68061.84 
15 ! BO.77. 200.00a. S 372.00 S 30046.44 

!----+-----------------------------i-----------------------------+------------------------i----------------------------- I 
16 ! 167.64. 200.00.. S 310.00 • 51968.40 
17 ! 120.40. 200.00.. S 372.00 S 44788.80 
18 ! 0.00. 0.00.. S 0.00 S 0.00 

( 19 ! 0.00. 0.00.. S 0.00 S 0.00 
20 ! 0.00. 0.00.. S 0.00 S 0.00 

!-----i-----------------------------+---------------------------i-----------------------------i----------~------------------I 
21 '0.00. 0.00.. S 0.00 S 0.00 
22 ! 0.00. 0.00.. S 0.00 S 0.00 
23 '0.00. 0.00.. S 0.00 S 0.00 
24 ! 0.00. 0.00.. S 0.00 S 0.00 
2S ! 70.10. 200.00..! S 324.00 ! S 22712.40 

!----+---------------------------i-----------------------------i---------------------------i-----------------------------! 
16 ! 38.10. 200.00.. S 310.00 S 11811.00 
27 ! 83.82. 200.00..' 3"0.()0 • 28498.80 
28 ! 73.1S. 200.00.. S 340.00 S 2"871.00 
29 ! 123.44. 200.00.. S 356.00 S 43944.64 
30 ! 80.77. 200.00.. S 324.00 S 26169.48 

---+------------------+--------------------+-----------------i----------------------------1 
31 ! 152.40. 200.00u S 310.00 S 47244.00 
32 ! 83.82. 200.00.. S 356.00 S 29839.92 
3J ! 99.06. 200.00.. S 310.00 'S 30708.60 
34 ! 21.34. 200.00..' 310.00 ! S 6615.40 
35 ! 82.30. 200.00. S 324.00 S 26~5.20 

---+---------------------+ ---------------+--------------------i--------------------------! 
36 ! 59.4-i. 200.00..' 340.00 S 20209.60 
37 ! 85.34. 200.00u S 340.00 S 29015.60 
38 '169.16. 200.00.. S 356.00 S 60220.96 
39 ! 59.44. 200.00..' 35t-.00 S 21160.64 
40 ! 57.91. 200.00.. S 310.00 • 17952.10 

---+-----------------------------i---------------------------+-----------------------------+-----------------------------! 
41 ! 0.00. 0.00.. S 0.00 • 0.00 
42 ! 179.83. 2OO.00u' 310.00 • 55747.30 
43 ! 82.30. 200.00.. S 310.00 • 25513.00 



SAMPlE OUTPUT Pase [\-23 

! 44! 89.92. 200.00... 310.00 • 27875.20 
, 45! 83.82. 200.00... 310.00 • 25984.20 ¥ 

-----+-----------------------------+-----------------------------+-----------------------------+------------------------. 
46 ! 80.77. 200.00... 410.00 • 33115.70 
47 ! 57.91. 200.00... 310.00 • 17952.10 
48 ! 54.86. 200.00... 310.00 • 17006.60 
49 ! 0.00. 0.00... 0.00 • 0.00 

! 50! 196.60. ! 200.00.. S 310.00 !. 60946.00 

!-----t__---------------------------+-----------------------------+-----------------------------+-----------------------------! 
51 ! 42.67. 250.00... 314.00 S 13398.38 
52 ! 39.621 200.00.. S 310.00 • 12282.20 
53 ! 2n.37. 200.00..' 340.00 • 94305.80 
54 '135.64. 2OO.00Ia' 324.00 • 43947.36 
55 ! 64.01. ! 200.00. • 310.00 • 19843.10 

-----+------- - -------------+-----------------------------+-----------------------------+-----------------------------! 
56 ! 100.581 200.00. S 310.00 • 31179.80 
57 ! 164.59. 200.00... 310.00 • 51022.90 
sa ! 85.34. 200.00aa' 310.00 • 26455.40 
59 ! 57.91. ! 200.00.. • 310.00 • 17952.10 
60 ! 0.00. ! 0.00.. • 0.00 • 0.00 

! _____ + __________________ ~ _________ +--------------------------___ +-----------------------------+-----------------------------1 
61 ! 94.498 200.00.. S 310.00 • 29291.90 
62 ! 0.001 0.00.' 0.00 • 0.00 
63 '67.06. 200.00... 310.00 • 20788.60 
64 ! 121.92. 200.00... 310.00 • 37795.20 
65 ! 175.26. 200.00.. S 310.00 • 54330.60 

-----+------~---------------------t-----------------------------+-----------------------------+-----------------------------! 
66 ! 33.53. 200.00... 310.00 • 10394.30 
67 ! 86.871 200.00... 310.00 • 26929.70' 
68 ! 176.78. 200.00... 310.00 • 54801.80 
69 ! 103.63. 200.00... 310.00 • 32125.30 
70 ! 114.30. 200.00... 310.00 • 35433.00 

!-----------------------------------------------------------------------------------------------------------------------------! 
!TOTAl! 5823.21. • 1900113.13 ! _________________________________________________________________________________________________________________ ------------1 



D.13 YATERKAIH SYSTEM 

W ATE R M A I H S Y S T E " 
!-----------------------------------------------------------------------------------------------------------------------------' 
'LINK , PIPE LENGTH DIAMETER UNIT COST TOTAL COST 

___ --+-______________________________ + _____________________________ + ______________________ -------+-----------------------_____ -1 

1 '126,49. 200,00... 165.00 • 20870.85 
2 ! 120.401 150.00... 140.00 S 1~6.00 
3 ! 0.00. 0.00... 0.00 • 0.00 
4 ! 0.00. 0.00..' 0.00 • 0.00 
5 ! 0.00. 0.00... 0.00 • 0.00 

• --------------- --------------+-----------------------------
6 ! 0.00. 0.00... 0.00 • 0.00 
7 ! 89.92. 200.00..' 165.00 • 14836.80 
8 '246,89. 150.00... 140.00 • 34564.60 
9 ,74.68. 150.00..' 14(1,(10 • 10455.20 

10 '60.96. 200.00a.. 165.00 • 10058.40 

!-----+-----------------------------+-----------------------------+-----------------------------+-----------------------------: 
11 ! 76.20. 150.00... 140.00 • 10668.00 
12 ! 246.89. 200.00... 165.00 • 40736.85 
13 ! 0.00. 0.00... 0.00 • 0.00 
14 ! 167.64. 150.00..' 140.00 • 23469.60 
tS ! 80.77. 200.00..! • 165.00 • 13327.05 

-----+-----------------------------+-----------------------------+-----------------------------+-----------------------------: 
16 ! 167.64. ISO ,00.. • 140.00 $ 23469.60 
J7 'J20.40. 250.00... J80.00 • 21b72.00 
18 '80.77. 150.00... 140.00 • 1130Z.80 
19 '71.63. 150.00... 140.00 • 10028.20 
20 ! 160.02. 150.00... 140.00 S 22402.80 

-----+-----------------------------+-----------------------------+-----------------------------i-----------------------------
21 , 54.86. 200.00... 165.00 S 90:)1.90 
22 ! 48.77. 200.00..' 165,00 S 8047.05 
23 '134.11. 200.00... 16S.00 $ 22128.J5 
24 ! 45.72. 200.00... 165.00 S 7543.80 
25 ! 70.10. 150.00..' 140.00 • 9814.00 

!-----+-----------------------------+-----------------------------i-----------------------------+-----------------------------~ 
26 ! 38.10. 150.00..' 140.00 • 5334.00 
27 ! 83.82. 200.00..' 165.00 S 13830.30 
28 ! 73.15. 150.00... 140.00 • 10241.00 
29 ! 123.441 150.000' 140.00 • 17281.60 
30 '80.77. 150.00..' 140.00 • 11307.80 

I ---------+___ -----------+--------------------+----------------------1 
31 '152.40. 150.00l.! • 140.00 !. 21336.00 
32 ! 0.00. O.OO.!' 0.00 !. 0.00 
J3 ! 99.068 150.00H' 140.00 • 13868.40 
34 ! 21.34. 15O.00n! • 140.00 • 2987.60 
3S ! 82.30. 15O.00.! • 140.00 • 11522.00 

!-----+- -------------------+------ ---------------+-----------------------------+-----------------------------1 
36 ! 59.44. 150.00.' t40.00 • 8321.60 
37 ! - 0.00. O.OOH' 0.00 • 0.00 
38 ! 169.16. 15O.00aa' 140.00 • 23682.40 
39 '59.44. 150.00.' 14(1,(10 • 8)21.60 

• 40' 57.91. , 150.00. !. 140.00 • 8107.40 

!-----+---------------------------+------- ----------+-------------------------+-----------------------------I 
41 '82.30. 150.00... 140.00 • 11522.00 
42 '179.831 150.00... 140.00 • 2517b.20 
43 ! 82.30. 150.00... 140.00 • 11522.00 



s.wu: OUTPUT 

! 44! 
45 ! 

89.92. 
83.82. 

250.00 •• 
200.00 .. 

$ 

• 
180.00 
165.00 

$ 

$ 

Pa!!. 1\-25 

16185.60 
13830.30 

!-----+-----------------------------f-----------------------------f-----------------------------f------------------------. 
46 ! 80.77. 150.00..' 140.00 '11307.80 
47 ! 57.91. 150.00..' 140.00 • 8107.40 
48 ! 54.80. 150.00..' 140.00 • 7680.40 
49 ! 76.20. 150.00... 140.00 • 10668.00 

! SO! 196.60. ! 200.00.. ! $ 165.00 !. 32439.00 
!-----+__---------·-----------------f-----------------------------+-----------------------------+---------~-------------------! 

51 ! 0.00. 0.00.' 0.00 • 0.00 
52 ! 39.62. 150.00... 140.00 • 5546.80 
53 ! 2n.37. 150.00.' 140.00 • 38831.80 
54 ! 135.64. 150.00.. $ 140.00 • 18989,60 
55 ! 64.01. 150.00. $ 140.00 • 8961.40 

!-----+-----------------------------f_----------------------------f-----------------------------f-----------------------------! 
56 ! lOO.sa. 150.00.' 140.00 • 14081.20 
51 ! 164.59. IS0.00..' 140.00 • 23042.60 
58 ! 85.34. 150.00..' 140.00 • 11947.60 
59 ! 57.91. 200.00.. S 165.00 S 95SS,15 
60 ! 170.698 ! 200.00.. !. 165.00 S 28163.85 

!-----+-----------------------------+------------------------------+-----------------------------f-----------------------------! 
61 ! 94.498 150.00.. S 140.00 $ 13228.60 
62 ! 91.44. 150.00.. $ 140.00 S 12S01.60 
63 ! 61.00. 15O.00aa S 140.00 S 93aS.40 
64 ! 121.92. 200.00... 165.00 S 20116.80 
65 ! 175.20. 150.00.. S 140.00 S 24536.40 

-----+-------~---------------------f-----------------------------+-----------------------------f--------------------------
66 ! 33.53. 150.00.. $ 140.00 $ 4694.20 
67 ! 86.87. 150,OOta. 140.00 • 12161.80 
68 ! 176.78a 150.00..' 140.00 '24749.20 
69 ! 103.63. 150.00... 140.00 S 14508.20 
70 ! 114.30. 150.00.., 140.00 '16002.00 1--------------------------------------------------------------_______________________________________________________________ 1 

!TOTAL! 6490.73. ! S 9S719b.H 

!-----------------------------------------------------------------------------------------------------------------------------! 



SNIPI.E OOTPUT 

D.IO\ tWHI.ES AND CATCHBASIHS 

ft A H H 0 l E SIC ATe H - 8 A S I H S ! _______________________________________________________________________________________________________________ --------_____ -1 

DOftESTIC SEWER ftAHHOlE STMft SEWER "AHHOLE STOR" SEWER CATCH-BASIN 

! _____ + _______________________________________ + _______________________________________ +_--------------------------------_-_---1 
!LIHK ! OUAHTITY COST QUANTITY COST QlIAHTITY CIIST 

o!-----f-------------------+_____ ---+-------------------f-------------------+-------------------+-------------------1 
1 ! 0 • 0.00 1 • 3804.00 , 2 • 183Si4.12 
2 ! 1 • 3515.19 1 • 3804.00 1 • 5453.56 
3 ! 1 • 3515.19 1 , 3804.00 0 • 0.00 
4 ! 0 • 0.00 0 • 0.00 0 • 0.00 
5 ! 2 • 8663.0\5 2 , 8273.50 0 • 0.00 ! _____ + __________________ -+ ___________ +------____________ -+ --------+-----------_---_---1 
6 ! 1 , 4250.15 1 , 3804.00 0 '0.00 
7 ! 1 • 3300.00 1 • 3804,00 2 • 1S579.13 
8 ! 1 • 3300.00 1 • 3804.00 0\ • 31158.26 
9 ! • 4250.15 1 • 3804.00 0 " 0.00 

10 , 1 , 3300.00 1 • 3804.00 1 , 6079.81 

!-----f--------+-----------------. ---------+- . --+ --------------+-----------------1 
11 , 0 • 0.00 0 • 0.00 0 • 0.00 
12 ! 2 • 7071.0\1 2 • 8316.26 4 , 33258.25 
13 ! 0 • 0.00 0 • 0.00 0 • 0.00 
14 ! 2 • 890\8.62 2 • 8590.48 3 • 17722.50 

( 15 ! 1 • 4832.45 1 • 4338.65 I! • 6595.89 

" ! -----+----------------+----------------+-------------------+---------- - • -------------------+~------------------ ! 
16 ! 2 • 6600.00 2 , 7608.00 5 , 27309.62 
17 ! 1 • 4910.46 1 • 4338.65 2 • 16nS.21 
18 ! 1 • 4910.46 1 , 4338.65 1 , 6079.81 
19 ! 1 • 4322.09 1 • 4276.79 2 , 15662.S3 
20 ! 0 !, 0.00 2 • 7662.00 2 • 15579.13 _____ + ___________________ + ___________________ + ___________________ + _________________ + ___________________ + ___________________ 1 

21 ! 0 '0.00 1 , 3804.00 2 , 15579.13 
22 ! 0 • 0.00 1 • 3804.00 0 '0.0(1 
23 ! 0 • 0.00 1 , 3804.00 1 , 7481.41 
20\ ! 0 • 0.00 1 '3804.00! 2 • 15579.13 
25 ! 1 • 410\3.11 1 • 3978.20 ! 0 • 0.00 

-----+-------------------+-------------------+----- ------------+-------------------+-------------------! 
26 ! 1 • 3300.00 1 • 3858.00 2 • 15579.13 
27 ! 0 '0.00 0 '0.00 2 • 15849.13 
28 ! 0 '0.00 0 • 0.00 0 • 0.00 
29 ! 1 • 4399.37 1 • 3978.20 2 • 15847.67 
30 ! 1 , 4399.37 I! • 3978.20 0 • 0.00 

-----+- .. ----------+----------------+-----------------+-------------------+-------------------+-------------------! 
31 ! 3 • 11794.61 3 • 11586.20 0 • 0.00 
32 ! 0 '0.00 0 • 0.00 0 • 0.00 
33 ! 0 '0.00 0 • 0.00 1 • 6079.81 
34 ! 1 • 3300.00 1 • 3804.()() 3 • 19865.15 
35 ! 1 • 36S1.47 1 • 3804.00 1 • 6079.81 

!---- f ------+-------------------+-------------------+-----------------+-------------------+-------------------! 
36 ! 1 • 4005.38 1 , 3858.00 1 , 5495.41 
37 ! 0 • 0.00 0 • 0.00 0 • 0.00 
38 ! 1 • 4399.37 1 • 3978.'20 2 • t5849.13 
39 ! 0 '0.00 0 ,O.()() 2 , 15849.13 
40 ! 1 ! • 4399.37 I! '3978.20 ! 2 ! '15579.13 ! 

!-----+-------------------+-------------------+-------------------+-------------------+-------------------+-------------------! 
! 41! 2 ! • 6600.00 ! 2 ! , 7608.00 O!. 0.00 



S.vtPl£ OUTPUT Pi?!!e D-27 

42 ! 1 $ 3300.00 • JBO."OO 1 I ~ :H15S.26 
43 I 1 $ 3300.00 $ 3804,(\0 1 I , 6079,81 
44 ! 1 • 3300.00 1 $ 3B04.00 " • 113384,12 * 
45 ! 1 f 3300.00 1 f 3804.(10 4 • ;.\l1SE'.26 

!-----t-------------------t-------------------t-------------------t-------------------t-------------------t--_________________ f 

46 ! 1 , 3300.00 1 , 3804.00 0 ~ 0.00 
47 ! 1 • 3382.04 $ 3804.00 1 ~ 5453.56 
48 ! 1 f 7n9.07 1 • ;;978.20 0 • 0.00 
49 ! 0 • 0.00 0 '0.00 , 6079.81 
50 ! 2 , 6600.00 2 , 7608.00 4 5 31158.16 

!-----+-------------------t-------------------+-------------------+-------------------+-------------------+-------------------! 
51 , 1 , 3336.00 1 • 3966.00 0 • 0.00 
52 ! 1 • 3300.00 1 • 3912.00 0 '0.00 
53 ! 3 • 11166.01 3 , 10506.00 4 • 31158.26 
54 ! 0 '0.00 0 • 0.00 2 $ 15662.83 
55 ! 1 '3300.00! J • 3804.00 3 • 1638J .59 

-----+-------------------t-------------------+-------------------t-------------------t-------------------+-------------------! 
56 ! 1 , 3300.00 1 f 3858.00 0 • 0.00 
57 , 1 • 33c)0.00 S ,5804.00 2 , 15579.13 
58! 2! f 7305.38 2 • 7662.00 4 • 31158,26 
59 ! 1 S 3300.00 1 S 3804.00 0 • 0.00 
60 ! 0 '0.00 2 S 7608.00 3 f 21658.94 

!-----t-------------------t-------------------t-------------------+-------------------+-------------------t-------------------! 
61 , 2 , 6600.00 2 f 7608.00 2 ~ 15~79.13 

62 ! 2 , 7342.00 2 • 7716.00 1 S 75~3.26 

63 , 1 S 3300.00 1 S 3804.00 3 f , 16381.59 
64 ! 1 , 3731.93 1 t 3858.00 2! S 18467.81 
65 ! 1 $ 3300.00 1 , 3804.00 4 , 31158.26 

----+------------------+------------------+-------------------t------------------+-------------------t---------------. c'! 
66 ! 1 , 3386.29 1 $ 3804.00 0 " 0.00 
67 ! $, 3300.00 1 , 3804.00 3 $ 21032.69 
68 ! 2 • 6600.00 2 S 7608.00 2' , 15579.13 
69 I 1 • 3300.00 1 S 3804.00 ") 1 « 15S7Q.13 
70 ! 1 $ 3336.00 1 S ~966.00 2' $ ),5746.53 ! _____________________________________________________________________________________________________________________________ 1 

'TOTAL! 66 ! $ 246796.44 7S ! ~ 290910.31 109 , ,80.,422 , 7~i 

!-----------------------------------------------------------------------------------------------------------------------------! 



SNtPLE OUTPUT 

D.1S STREET REQUIRE"ENTS 

3 T R E E T R t Q U 1 R E " E N T S 1-----------------____________________________________________________________________________________________________________ 1 

STREET LIGHT STREET SlGN TRAFFIC SIGN 
!-----t---------------------------------------t---------------------------------------+---------------------------------------1 
!LUIK ! QUAHTITY COST OtJAHTITY COST OUANTITY COST 

!-----t-------------------t-------------------t-------------------t-------------------t-------------------t-------------------1 
1 ! 2 • lOOO.OO 1 • 150.00 0 • 0.00 
2 ! 2 • 3000.00 0 • 0.00 1 • 150.00 
J , 0 • 0.00 0 • 0.00 0 • 0.00 
~ ! 0 • 0.00 0 • 0.00 0 • 0.00 
5 , 0 !. 0.00 0 • 0.00 0 • 0.00 

!-----t-------------------t-------------------t-------------------t-------------------f-------------------f-------------------, 
6 , 0 • 0.00 0 • 0.00 0 • 0.00 
7 ! 1 • 1500.00 1 • 150.00 0 • 0.00 
8 ! 3 • 4500.00 0 • 0.00 0 • 0.00 
9 ! , 1500.00 0 • 0.00 0 • 0.00 

10 ! • 1500.00 1 • 150.00 l' • 150.00 

!-----t-------------------t-------------------t-------------------t-------------------t-------------------t-------------------1 
11 , 1 S 1500.00 0 • 0.00 1 • IS0.00 
12 ! 3 • ~500.00 0 • 0.00 1 • 150.00 
13 ! 0 S 0.00 0 • 0.00 0 • 0.00 
1~ ! 3 • 4500.00 0 • 0.00 1 • 150.00 
IS ! 2 • lOOO.OO 1 • 150.00 0 • 0.00 

,-----t-------------------t-------------------t-------------------t------------------_+-------------------t------,------------! 
16 1 2 $ lOOO.OO 0 • 0.00 1 • 150.00 
17 ! 2 • 3000.00 $ 150.00 0 • 0.00 
18 , • 1500.00 1 • 150.00 1 • 150.00 
19 , $ 1500.00 $ 150.00 0 • 0.00 
20 , 2 • 3000.00 0 • 0.00 0 • 0.00 

-----t-------------------t-------------------t-------------------+-------------------t-------------------t-------------------! 
21 ! 1 S 1500.00 1 S 150.00 0 $ 0.00 
22 ! 1 • 1500.00 0 • 0.00 0 • 0.00 
23 ! 2 $ 3000.00 1 $ 150.00 0 $ 0.00 
2~ ! 1 • 1500.00 1 '150.0<1 1 • 150.00 
2S ! 2 • 3000.00 1 • 150.00 0 • 0.00 

-----t-------------------t-----------------~_+-------------------t-------------------t-------------------t-------------------1 
26 ! 0 • 0.00 0 • 0.00 0 • 0.00 
27 ! 0 • 0.00 0 • 0.00 1 • 150.00 
28 ! 1 • 1500.00 0 • 0.00 0 • 0.00 
29 ! 3 • 4500.00 0 • 0.00 0 • 0.00 
30 ! 1 • 1500.00 0 • 0.00 0 • 0.00 

!-----t------------------_+-------------------t-------------------t-------------------t-------------------t-------------------! 
! 31! 2 • 3000.00 1 • 150.00 0 • 0.00 
I. 32 ! 0 '0.00 0 • 0.00 0 • 0.00 

3J ! 1 • 1500.00 0 $ 0.00 1 • 150.00 
34 ! 1 • 1500.00 0 • 0.00 0 '0.0(1 
35 , 1 • 15OO.oo! 1 !. 150.00 0 • 0.00 

!-----t-------------------t-------------------t-------------------t------------------_+-------------------t-----------,-----------
36 ! 1 $ 1500.00 0 • 0.00 0 • 0.00 
37 , 0 • 0.00 0 • 0.00 0 • 0.00 

, 38! 2 • 3000.00 0 • 0.00 1 • IS0.00 
39 ! 1 • 1500.00 0 • 0.00 0 • 0.(1('1 
40 ! 1 !. 1500.00! 0 !. 0.00 0 S 0.00 

!-----t-------------------t-------------------t-------------------t-------------------t-------------------t-------------------! 
! 41! 1 • 1500.00 1 • 150.00 0 • 0.00 



SNI'lE OUTPUT PaH D-19 

42 ! 2 • 3000.00 0 • 0,00 1 • 1:50.00 
43 ! 1 S 1500.00 1 • 150.00 0 • 0.00 
44 ! 1 , 1500.00 1 '150.00 0 • 0.00 

! 45! 1 • 1500.00! 1 ! S 150.00 1 '150.00 

!-----+-------------------+-------------------+-------------------+-------------------+-------------------+-------------------! 
46 ! 1 • 1500.00 0 • 0.00 0 '0.00 
47 ! 1 • 1500.00 0 • 0.00 0 • 0.00 
48 ! 1 • 1500.00 1 f 150.00 0 • O.(l(l 
49 ! 0 • 0.00 0 • 0.00 0 • 0.00 
50 ! 3 • 4500.00 1 f 150.00 0 • 0.00 

-----+-------------------+-------------------+-------------------+-------------------+-------------------+-------------------
51 ! 0 • 0.00 0 • 0.00 0 • 0.00 
52 ! 1 • 1500.00 1 • 150.00 0 • 0.00 
53 ! 4 • 6000.00 0 • 0.00 0 '0.00 
54 ! 1 • 1500.00 0 '0.00 0 • 0.00 
55 ! 1 • 1500.00 0 '0.00 1 '150.00 

!-----+-------------------+-------------------+-------------------+-------------------+-------------------+-------------------
56 ! 1 • 1500.00 1 • 150.00 0 '0.00 
57 ! 2 , 3000.00 0 • 0.00 1 • 150.00 
58 ! 2 • 3000.00 1 '150.00 0 '0.00 
59 ! 1 • 1500.00 1 • 150.00 0 • 0.00 
60 ! 2 • 3000.00 1 • 150.00 0 • 0.00 

!-----+-------------------+-------------------+-------------------+-------------------+-------------------+-------------------! 
61 ! 2 • 3000.00 2 • 300.00 1 • 150.00 
62 ! 2 • 3000.00 2 S 300.00 , 150.00 
63 I • 1500.00 0 f 0.00 • 150.(lO 
64 ! 2 • 3000.00 1 • 150.00 0 '0.00 
65 ! • 1500.00 0 '0.00 1 • l~O.OO 

!-----+-------------------+-------------------+-------------------+-------------------+-------------------+-------------------, 
66 ! 1 f 1500.00 0 • 0.00 0 '0.00 

! 67' 2 , 1000.00 1 '1S0,00 0 • 1).00 
68 ! 3 • 4500.00 1 • 150.00 0 S 0.00 
69 ! 2 • 3000.00 0 • 0.00 0 S 0.00 

! 70! • 1500.00 0 '0.00 , 150.00 ! _____________________________________________________________________________________________________________ ----------------1 

! TOTAl! 93 • 139500.00 ' 31 S 4650.00' 20 , 3000.00 

!-----------------------------------------------------------------------------------------------------------------------------! 



SMPlE OUTPUT Pa!!e 11-30 

D.16 PAVEltEHT INfORItATIOH 

P A V E " E N TIN FOR " A T ION , ____________________________________________________________________________________________________________ --------__ ----1 
LOC,'Il. STREET COlLECTOR STREET TOTAL 

'-----f--------------------------------------f--------------------------------------f--------------------------------------! 
'LINK' LENGTH AREA ( ~a •• ) COST LENGTH AREA ( SG •• ) COST LF.HGTH AREA ( SG •• ) COST 
-----f------------f------------f------------f------------+------------+------------+------------+------------f------------

1 , 0.00. , 0.00 'S 0.00' 108.49.' 3128.74 'S 93862.20' 108.49.' 3128.74 ,t 93862.20 
2' 110.40.' 1104.00 'S 27600.00' 0.00. , 0.00 !S 0.00' 110.40.' 1104.00 ,t 27600.00 
3 , 0.00. I 0.00 IS 0.00 I 0.00. I 0.00 It 0.00 I 0.00. ! 0,00 ,t 0.00 
4' . 0.00. , 0.00 !S 0.00 , 0.00. , 0.00 !S 0.00 , 0.00. , 0.00 !S 0.00 
5 , 0.00. , 0.00 !S 0.00 ! 0.00. , 0.00 !S 0.00 , 0.00. ! 0.00 !$ 0.00 

'-----f------------f------------f------------f------------f------------+------------f------------f------------f------------, 
6 , 0.00. , 0.00 !S 0.00 , 0.00. , 0,00 !$ 0.00 , 0.00. , 0.00 !$ 0.00 , 
7 , 0.00. , 0.00 'S 0.00 , 79.92.' 1598.40 'S 47952.00' 79.92.' 1598.40 'S 47952.00' 
8 , 0.00. , 0.00 't 0.00' 246.89.' 4937.80 ,t 148134.00' 246.89.' 4937.80 ,t 148134.00 , 
9 I 0.00. , 0.00 ,t 0.00 ! 74.68.! 1493.60 'S 44808.00' 74.6S.' 1493.60 'S 4480B.OO' 

10 , 0.00. , 0.00 'S 0.00 , 60.96.' 1219.20 'S 36576.00! 60.96.' 1219.20 'S 36576.00! 
!-----f------------f------------f------------f------------+------------+------------f------------+------------f------------

II! 66.20.! 1324.00 'S 33100.00' 0.00. , 0.00 'S 0.00 , 66.20.! 1324.00 'S 33100.00 
12' 236.S9.! 4737.S0 'S 118444.99 , 0.00. , 0.00 !S O.OO! 236.S9.! 4737.80!S 118444.99 
13 ! 0.00. , 0.00 IS 0.00 , 0.00. , 0.00 IS 0.00 , 0.00. , 0.00 IS 0.00 
14! 357.41.! 1726.27!S 43156.70' 0.00. , 0.00 !S O.OO! 3~7.41.! 1726.27 IS 43156.70 
15 ! 0.00. ! 0.00 !S 0.00 ! 80.77.! 1615,40!S 48462.00' SO.77.! 1615,40 't 48462.00 

'-----f------------f------------f------------f------------f------------+------------+------------f------------+------------! 
16! 157.64.' 1576.40!S 39410.00' 0.00. , 0.00 It O.OO! 157.64.! 1576.40!t 39410.00' 
17 ! 0.00. ! 0.00 !S O.OO! 110.40.' 230S.00!S 69240.00! 110.40.! 2308.00 'S 69140.00! 
18 ! 0.00. ! 0.00 'S 0.00 , 80.77.' 1615.40 'S 48462.00! 80.77.' 1615.40 It 48462.00! 
19 , 0.00. , 0.00 'S 0.00 ! 71.63.! 1432.60 'S 42978.00! 71.63.! 1432.60 'S 4297S.00' 
~IO I 0,00. , 0.00 " 0,00' 160.02.' 3200.40 IS 96012.01' 160.02.' 3100.40 I, 96012.01 , 

'-----f------------f------------f------------f------------f------------f------------+------------f------------f------------, 
21 , 0.00. , 0.00 'S 0.00 , 54.S6.' 1097.20 'S 32916.00' 54.86.' 1097.20!t 32916.00! 
22 ! 0.00. ! 0.00 !S 0.00 ! 48.77. ! 915.40 'S 29262.00! 4S.77. ! 975.40!S 29262.00! 
23 , 0.00. , 0.00 'S O.OO! 124.1t.! 3226.86 ,t 96805.80' 124.11.! 3226.86!t 96805.S0! 
24 ! 0.00. ! 0.00 !S 0.00 , 45.721 ! 914.40!t 27432.00! 45.72. ! 914.40!t 27432.00' 
25 ! 0.00. ! 0.00 !S 0.00 ! 70.10.! 1402.00!S 42060.00! 70.10.! 1402.00 ,t 42060.00' 

!-----f------------f------------f------------+------------+------------f------------f------------+------------+------------! 
26 ! 0.00. , 0.00 'S 0.00 ! 38.10. , 762.00 't 22860.00! 38.10. ! 762.00!t 22860.00! 
27 , 63.82.! 1276.40!t 31910.00 ! 0.00. ! 0.00 'S 0.00 ! 63.82.' 1276.40 ,t 31910.00! 
28 ! 73.151' 1463.00 ,t 36S75.00! 0.00. , 0.00 !t 0.00 ! 73.tS.! 1463.00 ,t 36575.00! 
29! 123.44.! 2470.13!S 61753.29 ! 0.001 ! 0.00 !S 0.00' 173.44.! 2470.13!t 61753.29' 

! 30! 80.77.' 1615.40!t 40385.00' 0.00. ! 0.00 !t 0.00 ! 80.77.! 16\5.40!S 40385.00' 
!-----f------------+------------+------------+------------f------------+------------+------------f------------f------------

31! 152.40.' 3048.00!t 76200.00! 0.00. ! 0.00 !t O.OO! 152.40.! 3048.00!t 16200.00 
32 ! 0.00. , 0.00 !S 0.00 ! O.oOa ! 0.00 !S 0.00 ! 0.00. ! 0.00 !S 0.00 
33 ! 81.56.! 1631.20!S 40780.00 ! 0.00. , 0.00 ,t 0.00 ! 81.56.! 1631.20!t 40180.00 
34 ! 76.14. ! 853.S8 ,t 21347.07 ! 0.00. ! 0.00 !S 0.00 ! 76.14. , 853.8S!f 21347.07 
35 , 77.3Oa' 1546.00 '$ 38650.00' 0.00. , 0.00 It 0.00 , 77.30.! 1546.00 '$ 38650.00 

!-----+------------f------------+------------f------------f------------f------------+------------+------------+------------
36 ! 49.44. ! 494.40 't 12360.00! 0.00. ! 0.00 !S 0.00 ! 49.44. ! 494.40!S 12360.00 
37 , 0.00. ! 0.00 " 0.00 ! 0.00. , 0.00 IS 0.00 , 0.00. ! 0.00 !f 0.00 
38! 159.16.! 3183.20 It 79580.01 , 0.00. , 0.00 !S O.OO! \59.161! 3183.10!S 19580.01 
39 ! 59.44.! 1188.80!S 29720.00' 0.00. , 0.00 !t 0.00 , 59.44.! 1188.80 'S 29720.00 
40 , 57.91.! 1158.20 ,. 28955.00! 0.00. ! 0.00 !t 0.00 , 57.91.' 1158.20!f 28955.00 

!-----f------------+------------f-----~------+------------f------------+------------f------------f------------+--- --I 
! 41! 82.30.! 1646.00 'S 41150.00! 0.00. , 0.00 !f 0.00 ! 82.30.' 1646.00!t 41150.00' 



SMPI.£ OUTPUT P~~E' D-31 

42! 164.83. I 3296.60 It 82415.00 I 0.00. ! 0.00 !f O.OO! 164.83.! 3296,60 J~ 82415.00! 
I 43 I 0.00. ! 0.00 IS 0.00 ! 82.30., 164b.00!f 49:~!l0.OO' 82.30., 1M6.00!t 49380.00' 

44 I 0.00. , 0.00 '$ 0.00 , 76.92.! 2077.92!t 62337.60! 76.92.! 2077.92!t 62337.60 
45 ! 0.00. , 0.00 !f 0.00 , 83.82., 1676.40 'f 50292.00' 83.82., 1676.40 ,t 50192.00 _____ + ____________ + ____________ + ____________ + ____________ + ____________ + ____________ + ____________ + ____________ +------______ 1 

46 ! 0.00a ! 0.00 ,t 0.00 ! 80.77.! 1615.40!f 48462.00! 80.77.! 1b15.40 '$ 4R462.00' 
47 ! 52.91. ! 579.10!t 14477.50! 0.00. ! 0.00 't 0.00 ! 52.91. ! 579.10!$ 14477.50 
48 ! 0.00. ! 0.00 !t 0.00 ! 54.86.! 1097.20!t 31916.00' 54.8b.! 1097.20!$ 32916.00 I 

49 ! 56.20.! 1124.oo!t 28100.00! 0.00. ! 0.00 !t 0.00 I 56.20.! 1124.00 ,. 28100.00 J 

50! 196.60.! 3932.00!t 98300.01 ! 0.00. ! 0.00 ,t O.OO! 196.60., 3932.00!f 98300.01' 
!-----f------------f------------f------------f------------f------------f------------f------------f------------f--------~---I 

51 ! 0.00. I 0.00 IS 0.00 ! O.GOa ! 0.00 " 0.00 , 0.00. , 0.00 ,t 0.00 ! 
52 ! 0.00. ! 0.00 !t 0.00 ! 39.62. ! 792.40 It 23772.00 I 39.62. I 792.40 It 23772.00! 
53 ! 0.00. ! 0.00 !t O.OO! 264.37.! 5287.40!f 158621.00! 264.37.! 5287.40 1$ 158622.00 ! 
54 ! 0.00. ! O.()() !S O.OO! 132.64.! 2712.80!S 81384.00! 1:~2.64., 2712.80 It 81184.00! 
55' 157.81.! 910.62!$ 22765.60! 0.00. ! 0.00 IS O.OO! \ 57.81. I 910.62!t 22765.60' 

-----+------------+------------+------------+------------f------------+------------f------------+------------f------------! 
56 ! 0.00. ! 0.00 I. O.OO! 100.58. I 2011.60 ,. 60348.00' lOO.5S.! 2011.60!f b0348.00' 
57! 154.59.! 3091.80 ,. 77295.00! 0.00. ! 0.00 ,. 0.00' 1~4.59. I 3091.80 It 77295.00 I 

58 ! 90.34. I 1806.80 ,t 45170.00! 0.00. , 0.00 I' 0.00 I 90.34., 1806.80!f 45170.00' 
59 I 0.00. ! 0.00 It 0.00 I :57.91.! 1158.20" 347411.00' :i7.91., 1159,;!0!f 347"6.00' 
60 ! 0.00. ! 0.00 I. O.OO! 160.69. I 3213.80!f 96414.00! 160.69., 3213.80 ,t 96~14.00 I 

,-----+------------f------------f------------f------------+------------f------------+------------+------------+------------1 
61 ! 0.00. , 0.00 ,. 0.00 , 94.49., 1889.80!f 56694.00' 94.49.! 1889.80!' 56694.00' 
62 , 0.00. , 0.00 !t 0.00 ! 91.44., 2377.44 ,. 7137.3.20 , 91.44.' 2377.14 It 71323.20' 
63 ! 57.06. , 570.60!' 14265.00! 0.00. , 0.00 !. 0.00 , 57.06. , 570.60 'f 1~:65.00! 
64 ! 0.00. I . 0.00 It O.OO! 118.92.! 3169.92 It 95097.60! 1.18.92.! Jt69.9~ '$ 95097.60! 

I 65! 152.261' 3045.20 ,. 76130.00' 0.00. , 0.00 I' 0.00' 152.26M! 3045.20 't 76130.00' 
!-----f------------f------------+------------+------------+------------+------------+------------+------------+------~-----! 

66' 104.57.! 1012.50 It 25312.57' 0.00. , 0.00 '$ 0.00' 104.57., 1012.50!f 25312.57' 
67 , 86.87., 1737.40 It 43435.00! 0.00. , 0.00 '. 0.00 , fl6.S7., 1737.40!f 434:!5.00' 
68' 186.78., 3735.60 ,t 93390.00! 0.00. , 0.00 ,t 0.00' 186.78.' 373~.60" 93390.00 J 

69' 103.63.! 2072.60 '. 51815.00! 0.00. , 0.00 't O.OO! 103.63.! 2072.60 I, 51815.00 I 

70 I 104.30.! 2086.00!' 52150.00! 0.00. , 0.00 !, 0.00 I 104.30. I J08b.00 It ~~150.00 I 

1--------------------------------------------------------------------------------------------------------------------------1 
!TOTAl! 3629.12.! 61043.92 !'1526097.75! 2515.52.! 61653.68 "1849610.42! 6144.b4.! 122697.60 '$3375708.17 ! 

,--------------------------------------------------------------------------------------------------------------------------I 



SNIPl.E OUTPUT 

D.17 SIDEWALK REQUIREMENTS 

a IDE W A L K R E QUI R E " E N T S ! ___________________________________________________________________________________________________________ -------------__ ---1 

BARRIER CURB/GUTTER ! ROLLED CURB/GUTTER , BLVD. CURB/GUTTER ! SIDEWALK 
! _____ +-----------------------------------------------+-_____________________ ~------------------------+------------------__ ---1 
!LINK ! LENGTH LENGTH LENGTH AREA (SG •• ) COST 
-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------, 

1 ! 140.20. 106.70. 0.00. 203.46! • 13560.20 
2 ! 6.1Oa 262.10. 0.00. 288.95! f 17aS6.16 
3 ! 0.00. 0.00. 9.10. O.OO! • 136.50 
4 ! 0.00. 0.00. 0.00. O.OO! f 0.00 
5 ! 0.00. O.OO.! 0.00. O.OO! • 0.00 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
o ! 0.00. 0.00. 0.00. 0.00! • 0.00 
7 ! 91.40. 67.10. 0.00a 98.76! • 7278.7(1 
8 ! 6.10. 472.40. 0.00. ·215.80! • 16918.82 
9 ! 3.00. 134.10. 0.00. 89.62! , 6104.22 

10 ! 50.30. 48.80. O.OO.! 73.15! • 5029.84 

!-----f-----------------------+-----------------------+-----------------------+-----------------------+-----------------------1 
11 ! 6.10. 125.00. 0.00. 76.81! , 5453.54 
12 ! 103.60. 373.40. 0.00. 294.43! • 20912.44 
13 ! 0.00. 0.00. 0.00. O.OO! , 0.00 
14 ! 6.1Oa 353.60. 9.1Oa ·\16.96! • 24325.88 
15 ! 9.10. 1'25.00. 0.00. 96.92! , 6418.58 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
16 ! 6.10. 353.60. 9.10. 416.96' 24125.88 
17 ! 6.10. 217.90. 0.00. 1119.17! • 11003.15 
18 ! 9.10. 1'25.00. 0.00. 98.76! • 6501.20 
19 ! 88.40. 54.90. 0.00. 85.96! , 6459.52 
20 ! 24.40. 410.00. O.OQ. 265.18! • 18570.92 

!-----+-----------------------f-----------------------f-----------------------+-----------------------f-----------------------1 
21 ! 3.00. 105.20. 0.00. 67.b"}! S 468:1.06 
22 ! 3.00. 82.30. 0.00. 58.52! f 3928.0S 
23 ! 6.10. 243.80. 0.00. 182.88! • 1~008.60 

24 ! 6.10. 61.00. 0.00. 54.86! • 3505.88 
25 ! 3.00. 126.50. 0.00. 82.30! • 5660.82 

!-----f-----------------------f-----------------------f-----------------------f-----------------------f-----------------------! 
26 ! 3.00. 59.40. 0.00. 45.72! • 3008.40 
27 ! 9.10. 135.60. 0.00. 89.62! , 6248.72 
28 ! 0.10. l'~6.S0. 0.00. 78.64! • 5558.12 
29 ! 3.00a 245.4Oa 0.00a 149.96! • 10489.38 
30 ! 6.10. lSS.SO. 0.00. 98.76! • 6943.70 

-----f- --------------f-----------------------f-----------------------f-----------------------f-----------------------! 
31 ! 6.10. 286.50. 0.00. 181.06! • 12567.02 
32 ! 0.00. 0.00. 0.00. 0.00! • 0.00 
33 ! 9.10. \53.90. O.oOa 106.07! • 7263.56 
34 ! 6.10. 64.00a 7.60. 64.01! • 4076.36 
JS ! 6.10. 131.10. 0.00. 98.76! • 6531.70 ! 

!-----f-----------------------f-----------------------f-----------------------f-----------------------f-----------------------! 
36 ! 3.00. 119.50. 9.1Oa 179.22! • 10203.90 
37 ! O.OO.! O.oOa O.oOa O.OO! • 0.00 
38 ! 9.10.! 306.30. 0.00. 193.85! • 13499.66 
39 ! 3.00a 120.40. 0.00a 71.33! • 5075.76 
40 ! 3.00. 109.70. 0.00. 69.49! • 4832.64 

!-----f-----------------------f-----------------------f-----------------------f-----------------------f-----------------------! 
! 41! 91.40. 59.40. 0.00. 96.92! • 7080.58 



SAMPl£ OUTPUT 

42 ! 15.20. 164.60. 0.00. 208.49! $ 12154.96 
I 43! ,.10. 128.00. 0.00. 87.78 I , 6052.10 

44 ! 3.00. t69.20. 0.00. lS0.87! • 9381.15 
! 45! 3.0"-! 155.50.! 0.00. 87.78! , 63·'2.60 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
46 ! 3.~0. 149.40. 0.00. 98.76! f 6745.20 
47 ! e.to. 134.30. 9.10. 149.96 $ 9021.38 
48 ! c .lO. 82.30. 0.00. 65.83! $ 4318.94 
49 '12.20. 109.70. 0.00. 73.15' $ . 5181.34 
50 ! 3.00. 376.40.! 0.00. 235.92! $ 16322.40 

-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
51 '0.00. 0.00. 0.00. 0.00! $ 0.00 
S2 ! 3.00. 67.10. 0.00. 45.72! $ 3123.90 
53 ! 187.50. 356.60. 0.00. 334.b7! $ 24159.06 
S4 '~.10. 253.00. 0.00. 162.77! $ 11241.56 
5S 'b.10. 163.10.' 9.10.! 153.62 ! • 9618.08 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
I 56' b.lo. 179.80. 0.00. 120.70! $ 8250.32 

57 '9.10. 297.20.!. 0.00. 184.70! $ 12951 .. ~8 
58 ! 9.10. 149.40., 0.00. 93.26! • 6619.88 
59 '6.10. 56.40. 0.00. 69.49! • 4095.14 
60 , 6.10., 321.60.' 0.00. 244.61! $ 15953.23 

-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
61 ! 6.10. 163.10. 0.00. 113.:\9! f 7070.96 
62 '12.20. 1'28,00. 0.00. 98.76! $ ,S608.20 
63 ! 6.10. 157.00. 9.10. 153.62! f 9526.58 

I 64! 6.10. 214.90. 0.00. 180.60 I , 11472.710 
I 65' 9.10. 306.30. 0.00. 195.68! • B5E12.28 

-----+-----------------------+-----------------------+-----------------------+-----------------------+---------------------
66 '3.00. 112,80. 9.10. 106.07! f 6661.56 
67 '6.10. 160,00. O.OOa 106.07! • 7:95.06 
68 ! 6.10. 341.40. 0.00. 213.97 I , 14E171.7~ 

69 ! 6. lOa 199.60. 0.00. 1',!4.36! • 87t:?02 
70 '9.10. 211.80. 0.00. 128.02! , Q119.i? 

!-----------------------------------------------------------------------------------------------------------------------------! 
!TOTAl' 1111.40. 11243.10. 80.40.! 8849.15 !. 590292.13 ! 

,-----------------------------------------~-----------------------------------------------------------------------------------! 



SMPlE OUTPUT P~~e 1'\-34 

D.18 FAKILY UNITS 

. A K I L Y U NIT S 

,--------------------------------------------------------------------------------------------------------------------------, 
SIHGI.F. FAKILY KULTI-FAKtLY 

!-----f-------------------------f-------------------------+-------------------------+-------------------------+------------~ 

!LINK' UHITS GAS POWER TELEPHONE! UNITS GAS POWER TELEPHONE! TOTAL 
!-----+- --+------------+------------+------------+------------+------------+------------+------------+------------! 

1 ! 0' • 0.00 !. 0.00 ! • 0.00 ! O!. 0.00 !. 0.00 !. 0.00 !. 0.00 , 
2 , 14 !. 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 !, 0.00 ! • 0.00 ! 
3 ! O! • 0.00 ! • 0.00 !. 0.00 ! 0' • 0.00 ! • 0.00 ,. 0.00 ! • 0.00 , 
4 ! O! • 0.00 ! • 0.00 ! • 0.00 , O! • 0.00 ! • 0.00 ! • 0.00 ! • 0.00 ! 

! 5! 0' • 0.00 ! • 0.00 ,. 0.00 ! O!. 0.00 ! • 0.00 , • 0.00 ! • 0.00 ! 
-----+------------+-------------+------------+------------f------------+------------+------------+------------+------------1 

6 ! O! • 0.00 !. O.OO!. 0.00 , O!. 0.00 ,. 0.00 ! • 0.00 ! $ 0.00 ! 
7 ! O! • 0.00 ! • 0.00 !. 0.00 ! 0' • 0.00 , • 0.00 ,. 0.00 , • 0.00 1 
8 ~ 32 ,. 0.00 ,. 0.00 , • 0.00 , O! • 0.00 , • 0.00 !. 0.00 1 • 0.00 , 
9 ~ O!. 0.00 , • 0.00 !. 0.00 , 10 ,. 0.00 , • 0.00 , • 0.00 !. 0.00 ! 

10 ! 0 ~. 0.00 , • 0.00 ,. 0.00 , 0" 0.00 , • 0.00 , $ 0.00 ~. 0.00 ! 
!-----+------------+------------+------------+------------f------------+------------+------------+------------f------------ I 

11 ~ 0" 0.00 , • 0.00 ! • 0.00 ! O!. 0.00 ,. 0.00 ,. 0.00 !. 0.00 1 
12 , 26 !. 0.00 , • 0.00" 0.00 , 35 !. 0.00 , • 0.00 ! • 0.00 ! S 0.00 , 
13 ! O! • 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! • 0.00 ! 
14 , 30 ! S 0.00 , • 0.00' • 0.00 , 0' S 0.00 , • 0.00 ! • 0.00! • 0.00 ! 
15 ! O! S 0.00 ,. 0.00 !. 0.00 ! 30 !. 0.00 ! • 0.00 ,. 0.00 1 $ 0.00 1 

!-----f------------f------------f------------f------------f------------f------------f------------f------------t------------! 
16 ! 32 !. 0.00 !. 0.00 ! • 0.00 ! O!. 0.00 ! • 0.00 ! $ 0.00 ! S 0.00 ! 

I I 17' 9! • 0.00 ,. 0.00 ! • 0.00 , 37 ,. 0.00 ! • 0.00 ! , 0.00 ! • 0.00 ! 
.. 18 , O! • 0.00 !. O.OO! • 0.00 ! O!. 0.00 ! • 0.00 !, O.QO , • 0.00 ~ 

19 , 0' • 0.00" 0.00" O.OO! 0' • 0.00 , • 0.00 , • 0.00 !. 0.00 ! 
20 ! 34 ! $ 0.00 !. O.OO! $ O.OO! 0' $ 0.00 , • 0.00 " 0.00 1 , 0.00 , 

-----+------------+------------t------------+------------f------------+------------+------------+------------f------------1 
21 , ~" 0.00" 0.00" 0.00 , 25 ,. 0.00 , , 0.00 , , 0.00 , , 0.00 1 
22' 2 '$ 0.00'$ 0.00 1 $ 0.00! 13 ,. 0.00" 0.00" 0.00" 0.00' 
23 , 0' • 0.00 '$ 0.00!. 0.00 , 0' • 0.00 , • 0.00 , $ 0.00 , $ 0.00 , 
24 , O! • 0.00 , • 0.00 , • 0.00 , 0' • 0.00 , • 0.00 , • 0.00 !. 0.00 ! 
2S , 15 '$ 0.00 !. 0.00 ,. 0.00 , 0" 0.00 , • 0.00 , • 0.00 ! $ 0.00 , 

-----+------------+------------+------------+------------+------------+------------f------------+------------+------------, 
26 , 3' • 0.00" 0.00 '$ 0.00 , O! • 0.00 ! $ 0.00 ! , 0.00 ! • 0.00 ! 
27 ! 9! • 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 ! , 0.00 1 • 0.00 ! 
28 ! 0' • 0.00 !. 0.00 !. 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! $ 0.00' 
29 ! 27 !. 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 , • 0.00 ! 
30 ! 7! • 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! • 0.00 ! 

-----To "-----+------------+------------f------------+------------+------------f------------+------------+------------! 
31 ! 25 !. 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! • 0.00 ! 
32 ! O! • 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 , • 0.00 !. 0.00 ! 
3J ! 7! • 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! • 0.00 ! 
34 ! 6! • 0.00 , • 0.00 ! • 0.00 ! O! • 0.00 ! , 0.00 , • 0.00 , • 0.00 ! 
J5 ! 7! • 0.00 ! • 0.00 !. 0.00 ! O! • 0.00 ! • 0.00 , , 0.00 ! • 0.00 ! 

!-----+ "" ----+------------+------------+------------+------------+------------+------------+------------+------------! 
36 ! 6! • 0.00 ! • 0.00 !. 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! • 0.00 ! 
37 ! O! • 0.00 ! • 0.00 ! • 0.00 ! O! , 0.00 ! , 0.00 ! , 0.00 ! , 0.00 ! 
38 ! 19 !. 0.00 !. 0.00 !. O.OO! O!. 0.00 !. 0.00 ! • 0.00 ! • 0.00 ! 
39 ! 6! • 0.00 ! , 0.00 ! , 0.00 ! O! • 0.00 ! • 0.00 ! • 0.00 ! t 0.00 ! 
40 ! 8! • 0.00 !, 0.00 ! • 0.00 ! O!. 0.00 ! • 0.00 , , 0.00 , • 0.00 ! 

!-----+------------+------------+------------+------------t------------t------------+------------+------------+------------! 
! 41! O! • 0.00 !. 0.00 !, 0.00 ! O! • 0.00 ! • 0.00 ! , 0.00 ! • 0.00 ! 



SAItPlE OUTPUT F'a~e D-35 

42 ! 27 ! t 0.00 't 0.00 ! t 0.00 ! O! S 0.00 '$ O.OO! S 0.00 I S 0.00 : 
I 43! O! S 0.00 ! S 0.00 ! S 0.00 ! 26 ! S 0.00 !, 0.00 ! f 0.00 ! f 0.00 

4~ ! O! S 0.00 ! S 0.00 ! S 0.00 , 12S ! S 0.00 ! S 0.00 'S O.OO! S 0.00 
4S' 7 'S 0.00" O.OO!. 0.00' 23 !S O.OOIS 0.00 1 ' 0.00" 0.00 

-----+------------+------------+------------+------------t------------t------------t------------t------------t------------, 
46 ! 2' • 0.00 !. 0.00 !, 0.00 ! 0' S 0.00 , f 0.00 ! f 0.00 ! , 0.00 , 
47 , 14 !. 0.00 !. 0.00 ! S 0.00 ! 0" 0.00 !. O.OO! S 0.00 , S 0.00 ! 
~8 ! O! S 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 'S 0.00' S 0.00 'S 0.00' 
49 ! O! • 0.00 ! • 0.00 , • 0.00 , O!. 0.00 ,. 0.00 ,. 0.00 ,. 0.00 , 
50 , 33 !. 0.00 ! • 0.00 ! • 0.00 , 0' • 0.00 , S 0.00 ,. 0.00 'S 0.00 , 

-----+------------t------------t------------+------------t------------t-----~------t------------t------------t------------! 
51 , O! • 0.00 ! • 0.00 ! • 0.00 ! O! • 0.00 ,. 0.00 !. 0.00 'S 0.00' 
52 ! t! • 0.00 !. 0.00 ! • 0.00 ! 0" 0.00 , • 0.00 ,. 0.00 , S 0.00 , 
53 ! 26 !. 0.00 ! • 0.00 ! • 0.00 ! 0' S 0.00 ! S 0.00 ! , 0.00 , • 0.00 ! 
54 ! 19 !. 0.00 !. 0.00 , • 0.00 , 0' S 0.00 ! S 0.00 'S 0,00 !. 0,00 ! 
55 ! 13 ,. 0.00 ! • 0.00 ! • 0.00 , 0' • 0.00 ,. 0.00 ,. 0.00' S 0.00 , 

-----+------------+------------t------------+------------t------------t------------+------------t------------+------------, 
S6 , 0' • 0.00 ,. 0.00 , S 0.00 , 20 ,. O.OO! S O.OO!' O.OO! S 0.00 ! 
57 ! 23 ,. 0.00 ! • 0.00 , • 0.00 , 0' S 0.00 ! S 0.00 'S 0.00 I S 0.00! 
58! 16 ,.O.OO!. 0.00 ! t 0.00 , O! S 0.00 , S 0.00 " 0.00 ! S 0.00 ! 
59 , 0" 0.00 !. 0.00 ! • 0.00 , 20 'S 0.00 , S 0.00 !. 0.00' S 0.00 ! 
60 ! O! • 0.00 ! • 0.00 ! • 0.00 ! 0' • 0.00 , t 0,00 'S 0.00 !. 0.00 ! 

,-----t------------t------------+------------t------------t------------t------------t------------t------------t------------, 
61 , 6' • 0.00 ! • 0.00 , • 0.00 , 24 ! S 0.00 'S 0.00 'S 0.00' t O.OO! 
62 ! O!. 0.00 !. 0.00 ! • 0.00 , O!. 0.00 , • 0.00 !. 0.00 !. 0.00 ! 
63 ! 13 ! t 0.00 ! • 0.00 ! • 0.00 , O! t 0.00 , • 0.00 !, 0.00 " 0.00 I 
6~ , 1t. !. 0.00 't 0.00 !. 0.00 ! 0' , 0.00 ! S 0.00" 0.00 " O.OO! 

I 6S! 29 ,. 0.00 ,. 0,00 ! • 0.00 , O! S 0.00 I, 0.00 !, 0.00 !, 0.00 I 

!-----t------------t------------+------------t------------t------------t------------t------------t------------t------------, 
66 , 11 ,. 0.00 ,. 0.00 ! • 0.00 ! O!. 0.00 !, 0.00 I, 0.00 I S O.OO! 
67 , 12 ! S 0.00 !. 0.00 !. 0.00 ! O! , 0.00 ! S 0.00 !, 0.00 I t 0.00 I 
68 ! 31 !. O.OO!. 0.00 ,. 0.00 ! O!, 0.00 I S 0.00 I, 0.00 I, 0.00 ! 
69 , 13! S 0.00 ! S 0.00 ! • 0.00 ! O! S 0.00 !. 0.00 ! S 0.00 ! S 0.00 I 
70 , 18 ! S 0.00 !. 0.00 , • 0.00 , O! S 0.00' S 0.00! S 0.00!, 0.00 ! 

,--------------------------------------------------------------------------------------------------------------------------! 
! TOTAL! 653 ,. 0.00 ! • 0.00 ! • 0.00 ! 388 !. 0.00 ! S 0.0(l ! • 0.00 ! , 0.00 ! 
,-------------------------________________________________ -----------------------------------------------------------------1 



SMPLE OUTPUT 

D.19 CONSTRUCTION COSTS 

.,-



SNtPlE OUTPUT 

42 , 

I 43! 
44 ! 

I 301066.19 
I 145&17.31 
I 185006.23 

91,33 'IsCh • 
88.59 'Iso. , 
89.03 S/sa. I 

1826.S3 S/, 

1771.78 V, 
2405.18 'I, 

914.59 S/a 
0.00 V, 
0.00 S/, 

Pase {I-37 

11151),110 Vunits 

5b08.36 S/Llni t· 
1480.05 Mmit 

4S ! '1757!9.13 104.83 S/so. , 2096.63 S/, 1961.1b S/, 5~57.97 S/units 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
46 ! S 14603'5.06 90.40 I/~a. I 1808.04 SII 3523.1b V, 73017.53 S/Llnit~ 
47 ! '907)9.87 156.79 S/sl. I 1716.12 S/I 744.75 II, 6485.70 Sfunits 
48 ! '1012~2.S5 92.31 'lSI. , 1846.21 SII 0.00 'I, 0.00 S/unit~ 
49 ! I 85e-?0.75 76.24 '/sa. I 1524.75 'I, 395.96 'I. 0,00 'lImits 

! 50! '350032.50 ! 89.02 Sf SCI. , 17~0.43 'I, 8·U .32 'I, 10M7.05 S/llnits 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------
51 ! '49031.26 0.00 '/sa. I 0.00 'II 0.00 'I, 0.00 '/unit~ 
52 ! I 72129.05 9t.03 lIsa. I 1820.52 SII 0.00 'II 72129.05 S/units 
53 ! I 504558.09 95.43 '/~a. , 1908.53 'I, 1263.64 S/, 19406.08 S/unit~ 
54 ! S 237()18.72 87.37 "sa. I 1786.93 Sf, 925.75 'I, 12474,67 S/lmit,s 
55 ! '116280.45 127.69 'lSI. I 736.82 S/, 578.02 S/, 8944.65 S/units 

!-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
56 ! S 169738.78 84.38 S/sa. , 1687.60 'I, 0.00 'I, 8~8b.94 S/units 
57 ! S 267173.41 86.41 S/sa. I!. 172S.27 'I, 963.24 S/, 11616,24 S/lJnits 
58 ! S 179407.64 99.30 lIsa. I! 1985.92 S/, 957.10 S/, 11212.98 S/IJnlts 
59 ! S 102204.28 88.24 S/s8. , 1764.88 SI, 0.00 S/. 5110.21 S/units 

! 6O! S 252830.92 78.67 lisa. I 1573.41 S/, 0.00 'I, 0.00 '/units 

-----+-----------------------+-----------------------+-----------------------+-----------------------+-----------------------! 
61 ! '184343.91 97.55 Sf 51. I 1950.94 SI' 2050.09 S/, 6144.80 'Illnits 
62 ! S 159558.20 67.11 S/sa. , 1744.95 S/, 0.00 'I, 0.00 '.lImits 
63 ! '110488.24 193.64 '/sa. , 1936.35 S/, 557.68 S/, 8~99.10 S/unit~ 

64 ! S 251479.94 79.33 S/sa. I 2114.70 Sf, 1.;02.09 S/, 22861.81 '/units 
65 ! S 290513.25 95.40 Slsa. , 1908.01 Sf, 1887.43 S/, 10017.70 '/urJit!, 

-----+-----------------------+-----------------------+-----------------------+-----------------------+-------------------_. 
66 ! '71444.97 70.56 Slsa. , 683.23 S/, 55~.0~ Sfl 6495.00 S/llrJit.s 
67 ! I 161763.42 93.11 S/sa. , 1862.13 S/, 1326.80 SII 13480.~9 'lImits 
68 ! S 304982.94 81.64 S/so. , 1632.85 V, 593.83 SI' 9R3S.1b S/unit!; 
69 ! '181342,48 87.50 "so. • 1749.90 S/a 15\~5.73 'I, 139.,9.42 Sfunit.s 
70 ! S 192267.25 92.17 'Iso. , 1843.41 Sf, 38~.44 Sf, 10681.51 VlInit-s !-____________________________________________________________________________________________________________ ----------------1 

!TOTAL! S 11882461.00 

!-----------------------------------------------------------------------------------------------------------------------------! 



D.20 SUMKARY-CONSTRUCTION COSTS 

jUKKARY 
"".""IIItIl""""" 

DESCRIPTION QUANTITY COST 

IIATERttAIN 6490.73. t 957196.44 
DOKESTIC SEWER 5823.21. , 1900113.13 
STORK SEWER 7193.29. , 3569873.00 

COLLECTOR STREET 61653.68so •• , 1849610.42 
LOCAL STREET 61043.9250. I $ 1526097.75 
SU~TOTAL PAVEHENT 122697.[.Oso •• $ 337S70~.17 

SIDEWALK 8849.155(1 •• , 398211.59 
BARRIER CURB & GUTTER 1111.40. $ 21227.99 
ROLLED CURB I GUTTER 11'243.10. , 1681146.50 
BLVD. CURB I GUTTER 80.40. , 1206.00 
SUBTOTAL SIDEWALK REQUIREHENT , 590292.13 

PARK DEVELOPHENT 7.37Ha , 368500.00 
BUFFER DEVELOPMENT 0.28Ha , 14000.00 

CATCH-BASIN 109 units $ 804422.75 

DOHESTIC SEWER ItANHOLE 66 IJnits $ 246796.44 
STORH SEWER ItANHOLE 75 units $ 290910.31 

STREET LIGHT 93 lJOits $ 139500.00 
STREET SIGN 31 units $ 4650.00 
TRAFFIC SIGN 20 Imits t 3000.00 

SINGlE FMILY 653 units 
- 6IIS $ 0.00 
- POWER $ 0.00 
- TElEPHOHE $ 0.00 

tlJLTI-FAKILY 388 units 
- GAS $ 0.00 
- POWER $ 0.00 
- TELEPHONE $ 0.00 

SUBTOTAL UTILITIES 1041 units 0.(\0 

TOT A L t 12264964.00 



SAItPlE OUTPUT 

D.21 SITE SPECIFIC INFORMATION 

3 I T ESP E C I F I C I N FOR MAT ION 

Road Ele.,nts : 

DESCRIPTION QUAHTITY 

Cul-de-sacs 10 

Dead-ends o 

Three-w.!.I intersel!til1ns 22 

Four-w.!.I intersections 2 

Subdivision exits 7 

_.nd Us, Distribution : 

DESCRIPTION AREA 

Np.t sin~le f •• il!.l 21.60 H. 

Het luI ti -talil!.l 12.00 Ha 

School 7.50 H. 

Park 7.37 H. 

Buffer 0.28 Ha 

Colltrci.l 13.10 HI 

PIY'Hnt 12.27 Hi 

Sid,walk 0.88 HI 

Other 1.90 H. 
--------- -----------

Gross SubdiYision Area 76.90 H. 
,I 

.,,1I, 

.heid,r l,y,11 ~'SUBDIVISION CONSTRUCTION COSTS" 

.It 

Pa~e {l-39 



SAMPLE OUTPUT P~~e [1-40 

s U ~ D I V I S ION CON S T Rue T ION COS T 

Totil construction cost per totil subdivision irei .. 159492.38 "Hi 

Itron area = 198141.~S "Hi 

net area .. 365079.~7 "Ha 

sinltle fa.ilw irei = 507945.31 "Hi 

Pive.ent irei - 999609.13 SlHi 

street lensth = 1996.04 tI. 

saleablp. fronti!&e = t032.05 SI. 

total dwelling unit = 11781.91 S/units 

siMle fa.ils -: 18782 • .,9 S/units 



SMPt.E OUTPUT Pase IH1 

D.22 SUBDIVISION DENSITY 

j U B D I V I S ION DEN SIT Y 

Unit density based ~n GROSS area: 

FAItIL Y UNIT QUANTITY GROSS AREA DENSITY 

Simile 653 units 49.90 Ha 13.09 units/Ha 

Itulti 388 units 40.30 He 9.f.3 units/Ha 

Total 1041 units 61.90 Ha 16.82 units/Ha 

Unit density based on NET area: 

FAItILY UNIT QUANTITY NET AREA DENSITY 

Sinsle 653 IJnits 33.60 Ha 19.14 units/Ha 

Itulti 388 units 33.60 Ha lL5~ IJni tS/Ha 

T ot.al 1041 IJnits 30.99 unltslHa 



SNfPl£ OUTPUT 

D.23 YIELD EFFICIENCY 

fIE L D E F FIe lEN C Y 

S.l,abl, tront.S' 11884.061 

Streit lwth : 6144.64a 

Gross subdivision '1'" 61.90 H. 

YIELD - b.sed on Total Stre,t LenSth : 1.93 ala 

- bolSp.d on G,.o~s Subdivislon Area 191.99 a/H. 



SAHPl£ OUTPUT Pa!&e D-43 

D.24 INVESTMENT RATE OF RETURN GRAPH 

INVESTMENT RATE OF RETURN '/Prsus RF.1JENUE 
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SNIPLE OUTPUT 

0.0 L ••••••••• : ••••••••• : ••••••••• : ••••••••• : ••••••••• : ••••••••• : ••••••••• : ••••••••• 1 ••••••••• : ••••••••• :. 
2500. 2600. 2700. 2800. 2900. 3000. 3100. :i200. 3300. 34M. 3500. 

REVENUE ( • per .eter ) 

IRR = 0.4348E-03 Yo (REVENUE) - 1 



SAItPlE OUTPUT Pa!!e D-45 

,5 "AINTENAHCE COSTS 

It A I N TEN A NeE COS T 

DESCRIPTION QUANTITY UNIT COST KAJNTENANCE COST 

WATERKAtN 6490.73. • 11.00 S 71398.03 
DOKESTIC SEWER 5823.21. • 13.00 S 75701.73 
STORK SEWER 7193.1.9. S 10.00 , 719:~2.89 

PAVE"ENT 121697.60sG •• S 15.00 S Hl40<164. 00 

SIDEWALK 8849.15sG •• S 12.00 S 106189.76 
BARRIER CURB I GUTTER 1111.40. , 11.00 S 12125.39 
ROLLED CURB I GUTTER 112~3.10. S 13.00 ~ 146160.30 
BLVD. CURB , GUTTER 80.40. S 10.00 , 804.00 

PARK DEVElOPKEHT 7.37Ha S 15.00 , 110.55 
BUFFER DEVELOPMENT 0.28Ha S 12.00 , 3.3b 

CATCH-BASIN 109 unitS S 11.00 S 1199.00 

KANHOlE 141 units S 13.00 S 1833.00 

STREET LIGHT 93 units • 10.00 S 930.00 
STREET SIGN 31 units S 15.00 S 465.00 
TRAFFIC SIGH 20 units • 12.00 S '210.00 

SIH6L£ FMILY 653 units 
- GAS • 12 .00 S 7183.00 
- POWER • 13.00 • 8489.00 
- TElEPHONE S 10.00 • 6530.00 

KUlTI-FAitILY 388 units 
- GAS t 15.00 • 5820.00 
- POWER t 12.00 • -1656.00 
- TELEPHOHE • 11.00 • 4268.00 

TOT A L , 2366603.00 



SNtPLE OUTPUT PMf'rH6 

26 OPERATION COSTS 

OPE RAT ION COS T 
••••••••••••••••••••••••••• 

DESCRIPTION QUANTITY UNIT COST OPERATION COST 

WATER!!AIN 6 .. 90.73. S 0.85 S 5517,12 
DOIIESTIC SEWER 5823.21. S 1.00 S 5823.2l 
STOR" SEilER 7193.29. .. 1.00 S 7193.29 

PAIJE"ENT 122697.60so •• 0.87 .. 1067"6.91 

SIDEWALK 8849.1510(1 •• .. 0.95 .. 8 .. 06.69 
BARRIER CURF I GUTTER 1111 ... 0. .. 0.85 S 9 ..... 69 
ROLLF.D CURF I GUTTER 112013.10. .. 1.00 S 112"3.10 
BLVD. CURF , GUTTER 80 ... 0. .. 1.00 .. BO.4(1 

PARK I1EVELOPMEHT 7.37Ha .. 0.87 .. 6.41 
BUFFER DEVELOPKENT 0.28Ha .. 0.95 .. 0.27 

CATCH-lIAS IN 109 units S 0.85 92.65 

KAHHOLE 141 units 1.00 141.00 

STREET LIGHT 93 units .. 1.00 S 93.00 
STREET SIGN 31 units .. 0.87 S 26.97 
TRAFFIC StGN 20 units S 0.95 S 19.00 

SINGLE FMILY 653 units 
- GAS S 0.B5 .. 555.05 
- POWER .. 1.00 S 653.00 
- TELEPHONE S 1.00 .. 653.00 

IIULTI-FAflILY 388 units 
- GAS .. 0.B7 .. 337.56 
- POWER S 0.95 • 368.60 
- TELEPHONE .. 0.85 .. 329.80 

TOT A L • li9231.70 



SAItPlE OUTPUT P~!'Ie IH7 

.7 DETAILED ANALYSIS 

D ETA I LED A N A L Y SIS 

CONSTRUCTION COST • 12264964.00 

ANNUAL "AINTENANCE COST: • 2388494.25 

ANNUAl OPERATION COST : t 222966.05 

INTEREST LIFE PRESENT WORTH ANNUAL COST 
5.00 % t '41' , 14752067.00 • 15489685.00 
5.00 % 10 ~r • 32429948.00 • -1199831.00 
5.00 % 20 !Ir t 4.809512.00 S 3595633.50 
5.00 % 50 !II' S 59939576.00 S :~?83295. 25 
5.00 % 100 !II' • 64096988.00 S 3~29407.75 

13.50 % 10 !II' • 26156670.00 S ~91711".00 

13.50 % 20 !II' • 30072260.00 S 4410131.50 
13.50 % 50 !II' • 31574698.00 S ~270181.50 

13.50 % 100 '41' S :n 609052.00 • 4',!67216.00 
13.50 % INFINITE S 31609114.00 S -11.67230.50 



,I 

SMPL£ OUTPUT 

28 CONSTRUCTION COST BREAKDOWN 

CON S T Rue T ION COS T B REA K DOW N 

INTEREST RATE 
SUBDIVISION's LIFE : 

13.50 % 
100 !:Irs. 

DESCRIPTION ACCOUNT NUtlBER 

WATERttAIN 
23~-3~S-~561 

567-678-6789 
TOT A L 

DOMESTIC SEWER 
123-456-7897 
567-678-6789 

TOT A L 

STORti SEWER 
123-456-7897 
234-3"5-4561 
567-678-6789 
132-354-4657 

TOT A L 

PAVEMENT 
123-456-7897 
567-678-6789 
756-143-6472 

TOT A L 

SIDEWALK 
234-345-4561 
567-678-6789 

TOT A L 

BARRIER CURB I GUTTER 
132-354-4657 

TOT A L 

ROLLED CURB & GUTTER 
132-354-~657 

756-143-6472 

PRESENT COST 

• n92~9.11 

• 717897.31 
$ 957196.44 

• 969057.69 

• 931055.14 
$ 1900113.13 

• 0.00 
S 0.00 
S 0.00 
S 0.00 
S 3569873.00 

• 1'81497.75 

• 843927.00 

• ]350283.25 

• 3375708.00 

• 274766.00 

• 123415.59 

• 398211.59 

$ 22227.99 

• 22227;99 

• 84323.25 

• 84323.25 

ANNUAL COST 

• 32305.48 
$ 96916.45 

• 129221.94 

• 130823.21 , 125692.89 

• 256516.11 

• 0.00 
S 0.00 

• 0.00 
S 0.00 
S 0.00 

• '59502.72 

• 1139.~0.52 

• 18?288.8~ 

• 455722.09 

• 37093.53 
$ 16665.21 

• 53758.74 

• 3000.79 

• 3000.79 

• U383.68 

• 11383.68 



SAHPlE OUTPUT Pas" D-49 

TOT A L • 168646.50 t 22767.35 

BLVD. CURB , GUTTER 
234-345-4561 t 120.60 t 16.28 
567-678-6789 • 211.20 t 32.56 
756-143-64n • 844.20 • 113.97 

TOT A L • 1206.00 t 162.81 

PARK DEVELOPtfEiiT 
132-354-4657 • 22227.99 • 3000.79 

TOT A L t 368500.00 • 3000.79 

BUFFER DEIJElOPI'IENT 
123-456-7897 t 2800.00 t 378.00 
234-345-4561 t 4200.00 t '567.00 
567-678-6789 • 5600.00 , 756.00 
132-354-4657 • 700.00 t 94.50 
756-143-64n • 700.00 • 94.50 

TOT A l • 14000.00 S 1890.01 

C~TCH-BASIN 

123-456-7897 , ~0442.27 $ 10~59.74 

756-143-6472 • 723980.44 $ 97737.68 
TOT A L • 804422.75 $ 108597.47 

tfANHOlE 
234-345-4561 • 5:!7706.69 , 72590.64 

TOT A L • 53770\~.69 t 72590.64 

STREET LIGHT 
123-456-7897 • 41850.00 • 5649.77 
234-345-4561 • 34875.00 • 4708.14 
567-678-6789 t 27900.00 t 3766.51 
756-143-6472 • 34875.00 • 4708.14 

TOT A .l • 139500.00 • lt1832.56 

STREET SIGN 
234-345-4561 • 2325.00 • 313.S8 
567-678-6789 • 2325.00 • 313.88 

TOT A L • 4650.00 • 627.75 

TRAFFIC SIGH 
756-143-6472 • 3000.00 • 405.00 

TOT A L • 3000.00 • 405.00 

SINGLE FAflILY 
- GAS 

567-678-6789 • 0.00 • 0.00 
.132-354-4657 • 0.00 • 0.00 



SMPL£ OUTPUT Ptt~p {I-SO 

756-143-6472 , 0.00 S 0.00 
TOT A L S 0.00 , 0.00 

- POWER 
234-345-4561 S 0.00 S 0.00 
132-354-4657 S 0.00 S 0.00 

TOT A l S 0.00 S 0.00 

- TELEPHOHE 
123-456-7897 , 0.00 S 0.00 
567-678-6789 S 0.00 S 0.00 
132-354-4657 • 0.00 S 0.00 
756-143-6472 • 0.00 S 0.00 

TOT A l S 0.00 S 0.00 

MULTI-FAMILY 
- GAS 

567-678-6789 • 0.00 S 0.00 
TOT A L S 0.00 S 0.00 

- POWER 
123-456-7897 S 0.00 • 0.00 
234-345-4561 S 0.00 • 0.00 
567-678-6789 • 0.00 S 0.00 
132-354-4657 S 0.00 S 0.00 
756-143-6472 • 0.00 S 0.00 

TOT A L S 0.00 S 0.00 

- TElEPHOHE 
756-143-6472 , 0.00 , 0.00 

TOT A l • 0.00 S 0.00 

TOT A l S 12264964.00 S 1655775.50 



StWt.E OUTPUT P<I!le D-51 

19 MAINTENANCE COST BREAKDOWN 

M A I H T E H A H C E COS T B REA K DOli N 

DESCRIPTION ACCOUNT HUMBFR PRESENT COST ANNUAL COST 

WATER"AIN 
INTEREST RATE : 8.00 % 
SERVICE LIFE • 4 YfS. • 

234-345-4561 , 59586.04 , 17990.26 
567-678-6789 $ 1787:-8.11 S 53970.77 

TOTAL· S 238344.14 , 71961.0? 

DO"ESTIC SEWER 
INTEREST RATE : 6.00 % 
SERVICE LIFE 6 YfS. 

123-456-7897 S 192009.69 , 39047.63 
567-678-6789 $ 1844i'9.91 S 37516.34 

TOTAL , 3764a9.59 $ 76563.97 

STORM SEWER 
INTEREST RATE : 3;00 % 
SERVICE LIFE • 8 YfS. • 

123-456-7897 S 0.00 , 0.00 
234-345-4561 , 0.00 S 0.00 
567-678-6789 S 0.00 S 0.00 
132-354-4657 S 0.00 S 0.00 

TOTAl S 516452.13 S 73571.9'1 

PftlJEJfEHT 
INTEREST RATE : 7.00 % 
SERVICE LIFE • 5 IIrs. • 

123-456-7897 S 2642532.50 S 644488.75 
567-678-6789 , 1887523.25 • 460349.13 
756-143-6472 S 3020037.25 S 736558.63 

TOTAl S 75501)93.00 S 1841396.50 

SIDEWAlK 
INTEREST RATE : 5.00 % 
SERVICE LIFE • 7 !Irs. • 

234-345-4561 S 429303.72 S 74192.27 
567-678-6789 S 192875.59 S 33332.76 

TOTAl • 622179.31 • 107525.03 

BARRIER CURB I GUTTER 
INTEREST RATE : 8.00 % 



SAltPLE OUTPUT Pa!!e {I-52 

SERVICE LIFE · <4 !:Irs. • 
132-354-4657 S 42356.77 S 12788.38 

TOTAL • 42356.77 S 12788.38 

ROLLED CURB , GUTTER 
INTEREST RATE : 6.00 % 
SERVICE LIFE • 6 VI'S. • 

132-354-4657 S 361478.50 S 13511.27 
756-143-6472 S 361478.50 S 73511.27 

TOTAL S 722957.00 • 147022.55 

BLIJD. CURB , GUTTER 
INTEREST RATE : 3.00 % 
SERVICE LIFF. • 8 !:Irs. • 

234-345-4561 S 1714.93 S 244.30 
567-678-6789 S 3429.86 S 488.61 
756-143-6472 S 12004.51 S 1710.12 

TOTAL • 17149.31 • 2443.03 

PARK DEVELOPMENT 
INTEREST RATE : 7.00 % 
SERVICE LIFF. · 5 !:Irs. • 

123-456-7897 S 4191.10 S 1022.17 
567-678-6789 S 85.53 • 20.86 

TOTAL • 4276.63 • 1043.03 

BUFFER DEVElOPMENT 
INTEREST RATE : S.OO % 
SERVICE LIFE • 7 VI'S. · 123-456-7897 • 1549.17 S 267.73 

234-345-4561 S 2323.75 S 401.59 
567-678-6789 S 3098.34 • 535.45 
132-354-4657 • 387.29 S 66.93 
756-143-6472 S 387.29 • 66.93 

TOTAL • n45.84 • 1338.64 

CATCH-BASIN 
INTEREST RATE : 8.00 % 
SERVICE LIFE • 4 VI'S. • 

123-456-7897 S 583.59 S 176.20 
756-t43-6472 • 5252.34 S 1585.79 

TOTAL • 5835.94 S 1761.99 

HIINHOLE 
INTEREST RATE : 6.00 % 
SERVICE LIFE • 6 VI's. • 

234-345-4561 • 13253.38 • 2695.24 
TOTAL • 132~3.38 • 2695.24 

STREET LIGHT 



SAttPlE OUTPUT Pase D-53 

INTEREST RATE : 3.00 % 
SERVICE LIFE · 8 !Irs. • 

123-456-7897 S 5~10 .14 S 770.71 
234-3-15-4561 S 4S08.-15 S 642.26 
567-678-6789 S 3b06.76 S 513.81 
756-143-6472 S 4508.45 S 642.26 

HITAL • lS033.79 • 2569.03 -

STREET SIGH 
IHTEREST RATE : 1.00 % 
SERVICE LIfE • 5 !Irs. • 

234-345-4561 • 2S64.97 • 69S.74 
567-678-6189 • 2864.97 • 698.74 

TOTAL • 5729.95 S 1397.48 

TRAffIC SIGN 
INTEREST RATE : 5.00 % 
SERVICE LIfE • 7 YI'S. • 

756-143-6472 S 9115.13 S 1575.28 
TOTAL • 9115.13 S 1575.28 

SINGLE fAIHL Y 
- GAS 

INTEREST RATE : 8.00 % 
SERVICE LIfE • 4 Yrs. · 567-678-6789 • 3848.36 S 1161.90 

13Z-:~54-4.S57 S 74~O.16 2216.14 
756-143-6472 S 14367.20 , 4337.75 

TOTAL • 25655.71 S 7745.99 

- POWER 
INTEREST RATE : 6.00 % 
SERVICE LIfE • 6 YI'S. · 234-345-4561 • 4598.31 S 935.12 

132-354-4657 • "1384.76 S 8416.12 
TOTAL • 45983.07 S 9351.24 

- TELEPHONE 
INTEREST RATE : 3.00 % 
SERVICE LIfE • 8 YI'S. • 

123-456-7891 • 10895.31 S 1552.12 
567-678-A789 • 573.44 • 81.69 
132-354-4651 • 18350.10 • 2614.09 
756-t43-6412 • 21525.15 S 3921.13 

TOTAL • 51344.05 S 8169.03 

I1ULTI-fAltILY 
- GAS 

INTEREST RATE : 7.00 % 
SERVICE LIfE • 5 Yl's. • 

561-678-6789 • 27686.52 S 6752.48 



SAHPLE OUTPUT Pa!!e [I-S~ 

TOTAL • 27686.52 t 67S2.48 

- POWER 
INTEREST RATE : 5.00 % 
SERlJlCE LIFE • 7 wrs. · 123-456-7897 t 6933.55 t 1198.26 

234-345-4561 t 1386.71 t 239.65 
567-678-6789 t 9013.61 t 1557.73 
132-354-4657 t 8666.93 t 1497.82 
756-143-6472 t 8666.93 t 1497.82 

TOTAL • 34667.73 t 5991.28 

- TELEPHONE 
INTEREST RATE : 8.00 % 
SERVICE LIFE • 4 wrs. · 756-143-6472 • IbOOO.86 t 4830.99 

TOTAL t 16000.86 • 4830.99 



SMPlE OUTPUT Pa!!e D-55 

,0 OPERATION COST BREAKDOWN 

OPE RAT ION COS T ]I REA K DOW N 

DESCRIPTION ACCOUNT NUMJlER PRESENT COST ANNUAL COST 

!MTERHAIN 
INTEREST RATE : 6.34 % 
SERVICE LIFE • 9 IIrs. • 

234-345-4561 , 13943.22 , 2080.40 
567-678-6789 t ~1829.67 S 6241 .21 

TOTAL' , 55772.89 t 8321.61 

DOMESTIC SEWER 
INTEREST RATE : 4.5(, % 
SERVICE LIFE 10 !Irs. 

123-456-7897 t "1287.24 • 5233.23 
567-678-6789 • 39668.13 • 5028.01 

TOTAL , 80955.38 S 10261.24 

STOR" SEWER 
INTEREST RATE : 3.99 % 
SERVICE LIFE • 7 !Irs. · 123-456-7897 S 0.00 • 0.00 

234-345-1561 S 1).00 $ 0.00 
567-678-6789 , 0.00 , 0.00 
132-354-4657 S 0.00 S 0.00 

TOTAL $ (,6820.99 S 11128.92 

PAVEItEMT 
INTEREST RATE : 7.91 % 
SERVICE LIFE • 8 IIrs. • 

123-456-7897 S 306389.84 S 53134.39 
567-678-6789 • 219849.89 S 37953.13 
756-143-6472 S 350159.84 S 60725.01 

TOTAl. • 875399.56 • 151812.53 

SIDEVAlK 
INTEREST RATE : 5.67 % 
SERVICE LIFE • 11 !Irs. · 234-345-4561 • 82143.15 S 10240.11 

567-678-6789 • 36904.89 S 4600.63 
TOTAL • 119048.05 S 14840.74 

BARRIER CURB I GUTTER 
INTEREST RATE : 6.34 % 



SAIIPlE OUTPUT F'i~e {I-St· 

SERVICE LIFE 9 vrs. 
132-3S~-~6S7 , 95"9.92 , 1"24.90 

TOTAL $ 9519,92 $ 1~24.90 

ROLLED CUR~ I GUTTER 
INTEREST RATE : 4.56 % 
SERVICE LIFE • 10 !Irs. • 

132-354-4657 , 78151.86 , 9905.89 
756-143-6472 • 78151.86 • 9905.89 

TOTAL • 156303.72 • 19811.78 

BLVD. CUR~ I GUTTER 
INTEREST RATE ~ 3.99 % 
SERVICE LIFE • 7 !Irs. · 234-345-4561 S 74.69 • 12.4~ 

567-678-6789 • H9.37 • 24.88 
756-143-6472 S 522.80 , 87.07 

TOTAL $ 746.86 S 124.39 

PARK DEVELOPHENT 
IHTEREST RATE : 7.91 % 
SERVICE LIFE · 8 vrs. • 

123-456-7897 S 51.53 • 8.94 
567-678-67~9 • 1.05 • 0.18 

TOTAL S 52.58 • 9.12 

~UFFER DEVELOPMENT 
INTEREST RATE : 5.67 % 
SERVICE LIFE • 11 vrs. · 123-456-7897 • 0.75 • 0.09 

234-345-"561 • 1.13 • 0.14 
567-678-6789 • 1.51 S 0.19 
132-354-4657 S 0.19 S 0.02 
756-143-6472 S 0.19 , 0.02 

TOTAL S 3.77 • 0.47 

CATCH-BASIH 
INTEREST RATE : 6.34 % 
SERVICE LIFE • 9 wrs. • 

123-456-7897 S 93.66 • 13.~7 

756-143-6472 • 812.94 • 125. 77 
TOTAL • 936.60 • n9.75 

MANHOLE 
INTEREST RATE : 4.56 % 
SERVICE LIFE • 10 wrs. • 

234-345-4561 • 1960.21 • 248.46 
TOTAL • 1960.21 S 248.46 

STREET LIGHT 



SMPlE OUTPUT Pa~e D-57 

INTEREST RATE : 3.99 % 
SERVICE LIFE · 7 ~fS. · 123-456-7897 S 259.17 • 43.16 

234-345-1561 S 215.98 S 35.97 
567-678-6789 S 172.78 S 28.78 
756-143-6472 S 215.98 S 35.97 

TUTAl S 863.91 S 113.88 

STREET SIGN 
INTEREST RATE : 7.91 % 
SERVICE: LIFE • 8 lIfS. • 

234-345-4561 S 110.59 S 19.18 
567-678-6789 • t to.59 S 19.18 

TOTAl S 221.17 • 38.36 

TRAFFIC SIGN 
INTEREST RATE : 5.67 % 
SERVICE LIFE • 11 lIfS. • 

756-143-6472 S 269.06 • 33.54 
TOTAL • ~119.06 S 33.54 

SINGLE FAMILY 
- GAS 

INTEREST RATE : 6.34 % 
SERVICE LIFE • 9 lIrs. • 

567-678-6789 S 841.b5 • 125.58 
132-354-4657 $ 1627.20 • 242.'9 
756-143-6472 S 3142.18 S 468.93 

TOTAL S 5611.03 S 837.20 

- POWER 
INTEREST RATE : 4.56 % 
SERVICE LIFE • 10 lIfS. • 

234-345-4561 • 907.81 • 115.07 
132-354-4657 • 8170.32 S 1035.60 

TOTAL S 9078.13 S 1l50.67 

- TELEPHONE 
INTEREST RATE : 3.99 % 
SERVICE LIFE • 7 lIrs. • 

123-456-7897 S 1152.53 S 191.95 
567-678-6789 • 60.66 • 10.10 
132-354-4657 • 1941.10 • 323.29 
756-143-6472 • 2911.65 • 484.93 

TOTAl. S 6065.95 • 1010.27 

!tULTI-FA!tILY 
- GAS 

INTEREST RATE : 7.91 % 
SERVICE: LIFE • 8 lIfS. · 567-678-6789 • 2768.23 480.07 



SAItPLE OUTPUT Pi~e !I-58 

TOTAL t 2768.23 t 480,07 

- POWER 
INTEREST RATE : 5.67 % 
SERVICE LIFE • 11 vrs. · 123-456-7897 t 1043.96 t 130.14 

234-345-4561 t 208.79 t 26.03 
567-678-6789 t 1357.14 t 169.18 
132-354-4657 t 1304.95 t 162.68 
756-143-6472 S 1304.95 t 162.68 

TOTAL • 5219.79 • 650.71 

- TELEPHONE 
INTEREST RATE : 6,34 % 
SERVICE LIFE • 9 !Irs. • 

756-143-6472 , 3333.97 t 497.45 
TOTAL • 3333.97 t 497.-15 



SAltPlE OUTPUT 

0.31 ~ARY OF ACCOUNTS 
" 

SU: . Y OF ACCOUNTS : 

DESCRIPTION ACCOUNT HUMBER CONSTRUCTION COST HAINTEHANCE COST OPERATION COST 

Alo~ius I Sons Rotoroot.rs 123-456-7897 , 2636778.00 • 685450.10 S ~0572.75 

Sia8V'S C •• ent Co.,an~ 234-345-4561 S 1093292.75 S 9.,535.23 S 74.,f,.04 
City of CucaaQosa 567-678-6789 t 2659762.00 S 592131.63 , 36855.85 

ClancY's Construction 132-354-4657 S 1(\7251,54 S 98282.79 S 7616.3'3 
Bonafide Buildio~s Li.ited 756-113-6472 S 219a006.25 • a23969.25 t 49548.46 

TOT A L • 1, ~2M 964 .00 , i388494.25 • 2229~6.05 , 


