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ABSTRACT

The work of the distribution department of an elec-
tric utility involves a great deal of medium to heavy con-
struction. This work is vital to serve the energy needs
of the public. An electric utility constantly builds,
reinforces, and repairs electric distribution facilities.
The material and labor used to accomplish this construction
is expensive., Money in sufficient amounts is seldom, if
ever, available to finance gll proposed construction pro-
jects., Therefore, the cost of proposed projects must be
estimated in advance, so that management msay decide on an
economic¢ basis which projects will be authorized.

The need for accurate construction cost estimates
is imperative to the economic operabtion of an electric
utility. This thesis delves into the problem of the de-
sign and implementation of a computer based cost estimating
system to insure the accuracy and timeliness of estimates.

In order to accomplish the design, a series of eight
main program modules was written in the BASIC language for
use on the General Electric Mark III foreground system.
These programs access individually teilored sequential and
random disk files using third generation real time com-
puter techniques. The system was made available to eight
field locations via remote terminal facilities, The im-
mediacy and flexibility of the time sharing environment
proved to be valuable selling points in the implementation
of the new system.

At this writing, the new estimating system has met
with the approval of the field project engineers, and is
well on the way to replacing the manual system. Input
gimplification has enabled the company to use less tech-
nically skilled personnel for the estimating function,
with resulting cost savings. Results thus far far have
shown the system to be flexible, timely, and accurate.
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PREFACE

The problem of obtaining consistent, accurate, and
timely cost estimates must be solved in order to insure
the smooth economic operation of any construction oriented
industry, Difficulty in meeting the above criteria marked
the operation of the manual estimating system employed by
the Electric Distribution Department of the Public Service
Electric and Gas Company of New Jersey. The author, a
computer applications engineser employed by that company,
was assigned to investigate the estimating procedure,
with the goal of implementing a computer based system to

replace the manual one,

A review of the literature showed that other utilities
had implemented computer based estimating techniques, and
had found them to be quite satisfactory. The author was
not completely satisfied with any single system found in
the literature. He set out instead, to develop a hybrid
design incorporating some of the ideas of the reviewed
gystems. The author felt that cost estimating was a natural
application for a time shared computer system. The system
he developed was adapted from the best features of the man-
ual system incorporating the author¥s ideas and those from

the libterature.



The idea of reducing the complexity of input in order
to allow less technically sophisticated users to access and
execute the system appears to be a unique solution to the
the estimating problem. The author feels that this in no
small way contributed to the success the system has ex-
perienced during implementation,

Sincere appreciation is extended to Prof., I.R. Goldstein
thesis edvisor, who offered guidance and advice whenever
called upon; te Mr. K. F. Mullaney who supplied considerable
expertise in explaining the methods of the manual system;
to Mrs. M. Murray who typed the final copy from a note
ridden draft; and finglly to my wife Terri and son Tonmy
Jr. who offered patience and understanding during the

lengthy preparation of this volume.

THOMAS A. WESTPHAL
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FOREWORD

The purpose of this thesis is the design and imple-
mentation of & real-time computer based comstruction cost
estimating system for the Electric Distribution Depart-
ment of the Public Service Electric and Gas Company of
New Jersey. While the system will be specifically de-
signed for electric utility construction cost estimating,

the Techniques employed are applicable to other industries.

Chapter I will describe the work of an electric utility.
The founding end development of the Public Service Company
is covered. The Scope of the work of the Electric Distrib-
ution Department will be introduced with emphasis on the

role of cost estimating within that department.

Chapter II will acquaint the reader with the funda-
mentals of electric distribution construction. The various
types of work crews will be introduced, and the methods of
installing overhead and underground cable will be discussed.
This material will be included to give the reader a better
understanding of the remainder of the chapter; a discussion

of three exlisting computer based cost estimating systems,

The first two systems to be discussed are the Louisiansa

Power and Light system, and the Detroit Edison system. Both



systems are batch oriented and represent solutions found
for resolving the estimating problem by other utilities.,
The former sets forth concepts of data organization, while
the latter introduces the concept of unitized kits of mat-
erials, Both will prove useful in giding the author in the
design of his system. The third system to be reviewed is
one written by the University of Illinois Civil Engineering
Laboratory for building and highway construction cost esti-
mating. This system employs real time computer techniques
beneficial for rapid estimating turn-around and local file

maintatnance.

Chapter III will acquaint the reader with the manual
method of construction cost estimating currently used by
Public Service. The preparation of the necessary data will
be discussed first. The chapter will stress the complexity
of estimating construction costs accurately, and the necess-
ity of using highly qualified personnel to do estimates.,

The three estimate reports; the estimate general, the esti-
mate summary, and the material list will be presented and
illustrated in this chapter. Finally, the guthor will set
forth his contention that a properly designed computer based
estimating system could take much of the complexity out of

the function. Such a system would make it possible to use



lesser skilled personnel for cost estimating. Accuracy
could be improved, costs lowered, and turn-sround time

shortened.

Chapter IV will set up the basic criteria for de-
signing a real-time computer based cost estimating system.
The design of the required input will be introduced and
proposed data sheets will be illustrated. The oubtput from
the computer will serve as a direct replacement for the man-
ually produced reports which will be illustrated in Chapter
ITI., A cost effectiveness study will be conducted among
various vendor time-sharing services in order to select

the most economic system,

Having selected a computer service, the problem of
selecting an appropriate computer language will be tackled
next. The FORTRAN IV and BASIC language will be compared
for use in writing the system. After selecting a computer
language, the layout and structure of the necessay data

files will be discussed.

The latter part of Chapter IV will set up the general
design criteria for th main program modules to be used in
the proposed system., The system will contain eight modules
divided functionally as to purpose. The first two will be
designed to check and sort user input input data. The sec-

ond two will handle cost calculations for overhead construc-



ion, The fifth module will handle cost calculations for
underground construction. The last three modules will pro-

duce the required estimate reporits.

The final section of Chapter Iv will deal with the
problem of increased terminal usage required by the new
cost estimating system. The load will be analyzed using
queueing techniques. The results will show if more term-~

inals are required,

In order to give the reader an understanding of how
a cost estimating system could be written on a time-shared
computer, Chapter V will disect the operation of the main
overhead module. This chapter will cover the operation of
the module from the reading of the user input, through the
cost calculation, ending with the output to a work file,
Special emphasis will be placed on the use of a multi-

structured random binary file for simplifying input.

Chapter VI will discuss the implementation of the new
computerized construction cost estimating system in the
eight field divisions of the Electic Distribution Department.
Subsequent to the introductory phase, test cases will be
run in each division to compare manual and compubter esti-
mate results. After the test runs are satisfactorily ac-
complished, a parallel run of the new and old system will

be done,



Chapter VII will show whethser the use of s computer
based cost estimating system is economically justified.
An analysis will be done which will determine the total
fixed and variable costs associated with a manual and a
computer estimate., DBased on the sestimated annual number

of estimates prepared, & net benefit or loss will be shown.

The technigues used in the estimating system for file
access and data handling will be shown to be applicable to
other industries. The techniques used illustrate how a
relatively small amount of available computer core space
can be used to handle large programs and data files. The
author hopes that the reader will gain some insight into
the design and implementation of a computer based cost

estimate system from the reading of this thesis.



CHAPTER I

BLECTRIC UTILITY INDUSTRY

Introduction

The need for accurate cost estimates is imperative in
the Electric Distribution Department of Public Service.
It will be the purpose of this paper to describe how a
computer-based estimating system may be researched, de-

signed and implemented by the author for this department.

In order to understand the role of cost estimating
in the Electric Distribution Department of a large
electric utility, it is necessary to have a basic under-
standing of the industry itself. The author will attempt
to discuss the origins of the industry and of the specific
utility that will serve as a framework for this paper;
Public Service Electric and Gas Company of New Jersey. He
will describe how electricity is distributed by this
company. He will then focus on the organization of the
Electric Distribution Department within the wider organi-
zation of the Electric Department. Having accomplished
this the author will further focus on the project cost
estimating cycle within the Electric Distribution

Department.



Electric Utility Origins

The Electric Utility Industry got its start in the
United States when Thomas Edison turned his attention to
the problem of electric lighting in 1877.l In order to
accomplish the task, he had to tackle six problems simul-
taneously.

(1) Develop an economical generator.

(2) Devise a conductor distribution system.

(3) Invent a technigue for voltage regulation.

(4) Invent a practical lamp.

(5) Develop a way of feeding current to multiple

bulbs.

(6) Devise a metering system.

Edison formed an electric light company and raised the re-
quired capital by selling shares. The concept of privately
owned electric utilities was an early one in this country.
In a four year span all the essential work was completed

to meet the above six objectives. In 1881 all the required
components for a central station lighting system were

readied for service in New York City.

The first electric system was station oriented. The
generators were small and could handle only localized load.

The distribution system regquired such a heavy investment

1. Vennard, E., The Electric Power Business, New York,
McGraw Hill Book Company, 1970, pp.4.




in copper cable that the area a generating station could
handle was cost bound. The Pearl Street Station, located
in downtown New York City, was Edison's first attempt at
constructing a commercial electric station.? It could
transmit electricity about five thousand feet from the
generator. There were six such generators with a capacity
of one hundred and twenty kilowatts each. When it began
operations on September 4, 1882, it had a grand total of

fifty-nine customers. >

In the next twenty years, a series of inventions and
improvements made it possible for costs to be lowered so
that the electric utility business became more of a com-
mercial reality. The development of alternating current
by George Westinghouse and his chief engineer, William
Stanley, made long distance transmission of power possible.
A radial type distribution system was developed that
radically reduced the required amount of copper conductor
and greatly reduced the costs of building distribution
lines. The improvement of incandescent lamps in 1890 re-
sulted in a fifty percent drop in their cost of operation.
These factors and others moved the electric utility from

the luxury field into the realm of necessity.

2. Collier's Encyclopedia, Volume 8, New York, P.F. Collier
pp. 1121

3. Ibid. pp. 1122



After 1900 one of the most notable trends in. the
industry was the consolidation of small, individually owned
stations into larger systems. This trend was noted by
Thomas Nesbitt McCarter, then Attorney-General of the
State of New Jersey. New Jersey, like many other states,
was a patch-work of tiny electric utilities. It was
McCarter's vision to combine these utilities under one

company . 4

The idea was to lease these companies for 999
vears at rentals sufficient to cover their fixed charges
and, if possible, dividend requirements.5 The new company

was incorporated on May 6, 1903 under the name, Public

Service Corporation of New Jersey

Public Service Electric Department

The Electric Department of Public Service provides
electric .service to an area of the state of New Jersey known
as the "industrial corridor". This corridor is a forty
mile wide strip of land between New York and Philadelphia.

It contains nearly 80% of the state's population and in-
dustry. For the past twenty years electrical load has

doubled in magnitude every ten years. The Company has

grown in size from its modest start under McCarter to serve
approximately 1,655,989 metered customers using 27,311,104,206

kilowatt hours of electrical energy.

4. Editors, "To Develop the State of New Jersey", Fortune
Magazine, Nov. 1937, pp.100.

5. 1Ibid. pp.1l01.



5.

This vast load is serviced by the company's Electric
Department. It is the job of the Electric Department to
plan, and supervise the construction of all major plant
additions, such as generating stations, switching stations,
and substations. It also plans, designs, and builds the
system for transmitting the electricity from the generating
stations to the user. The latter facet of the operation of
the department falls under the jurisdiction of the Electric
Distribution Department, a subdivision of the Electric
Department. Before proceeding, it would be of benefit to
the reader to become acquainted with the techniques of dis-

tributing electric energy.

How Electricity is Distributed

The illustration marked Figure 1.1 shows how electricity
is transmitted from a generating station through various

stages and equipment to customers.

The majority of power leaving the generating system is
conducted over more than 893 miles of 138,000 volt and
230,000 volt transmission lines to 32 switching stations
located in major load areas of the territory. Unlike the
days of Edison, today's generating stations are located
many miles from the ultimate user. The transmission system
is suppored on the familiar steel tower for the most part,

however, some 90 miles are underground in high pressure oil
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pipe type cable. The design, construction and maintenance
of the transmission system is part of the work of the

Electric Distribution Department

When it reaches the switching stations, the power 1is
stepped down by means of large transformers to 26,400 volts
for transmission in smaller blocks to local areas. While
stepping down the voltage to lower or subtransmission volt-
age is sometimes considered the primary function of
switching stations, the control or switching of the large
guantities of power which pass through these stations is

also an important function. Therefore, the typical

switching station is equipped with a number of high capacity
circuit breakers for connecting and disconnecting the in-
coming and outgoing circuits. The switching stations are
maintained and in part operated by the Electric Distribution

Department.

The transmission system is linked with other companies
in the Pennsylvania-New Jersey-Maryland (PJM) interconnection
through 500,000, 230,000, and 138,000 volt lines connecting
Public Service with other electric utilities in their re-
spective states. The locations of transmission lines,
switching stations and interconnections are shown in

Figure 1l.2.
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Power is transmitted from the switching stations, or
in some cases more directly from the generating station,
to more than 244 substations and 193 customer owned sub-
stations by means of subtransmission lines operating at
26,400 volts. Subtransmission circuits of these voltages
are often routed on wood pole lines, however, in congested
areas, underground conduits are used. The subtransmission
system is designed, constructed, and maintained by the

Electric Distribution Department.

The past ten years have seen the increasing use of
substations tapped directly to high voltage transmission
sources. In 1972 approximately 44% of all Public Service
electric load was fed in this manner. The use of sub-

transmission is by-passed with this method.

Substations, which transform the electric energy to
a lower voltage for distribution over a local area, vary
in size from 2000kVA (Kilo Volt Amphere) self-contained
unit type substations serving a single distribution circuit
to large multiple circuit substations of over 60,000kVA
capacity. Substations are eguipped with large circuit

breakers, voltage regulation equipment, and complex relaying

devices. While they are not designed and built by the
Electric Distribution Department, they are operated and

maintained by it.
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Each substation feeds a specific geographic area,
which may range in extent from one to many square miles,
by means of primary distribution circuits operating at

4150 or 13,200 volts. There are over 1400 of these pri-

mary circuits. Some circuits are overhead operating on
more than 600,000 wood poles, other are underground in
conduit, and still others are direct buried in trenches.
Ordinarily, primary circuits are from one to five miles
in length, however, in rural areas they may extend to ten
miles or more. The design, construction, operating and
maintenance of primary circuits form the bulk of the work

of the Electric Distribution Department.

Approximately 150,000 distribution transformers are
connected to the primary distribution lines. These
transformers serve the purpose of stepping down the pri-
mary voltage to the proper utilization voltage. Typically,
this voltage is the 120/240 volt service which is a

country-wide standard. The wires which carry power from

distribution transformers to the customer are called the
secondary system. The secondary system may be overhead on
pole lines or underground. A majority of the customers in
the Public Service system are served at 120/240 volts.
Installation and maintenance of the secondary transformer
and conductor system is another major function of the

Electric Distribution Department.
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Geographic Division of the FElectric Distribution Department

The author has briefly introduced the principle com-~

ponents of the transmission and distribution systems.

Each of these is composed of many devices, apparatus, and

equipment. In order to install, operate, and maintain

this equipment a great deal of manpower is required.

About 4,300 employees are on the job to do this work.

Obviously, it would be poor planning to operate so wide

spread a system from one central location, therefore, the

following eight locations are used:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Bergen Division, Hackensack

Camden Division, Moorestown

Elizabeth Division, Elizabeth

Essex Division, Irvington

Hudson Division, Secaucus

New Brunswick Division, New Brunswick
Passaic Division, Clifton

Trenton Division, Trenton

At the division level, a functional breakdown takes

place with each organized as follows.

(1)

(2)

Substation Department - concerned with operation
and maintenance of substation equipment.

Transmission Department - concerned with the in-
stallation and maintenance of high voltage tower

lines.
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(3) Meter Department - concerned with the installa-
tion, testing and maintenance of watt-hour meters.

(4) Service Engineering Department - concerned with
providing electric service to new customers.

(5) Line Department - concerned with the physical work
entailed in constructing and maintaining overhead
and underground, primary and secondary distribution
systems.

(6) Distribution Engineering Department - concerned
with the planning, designing, estimating, and con-
struction layout of the primary and secondary

distribution systems.

It can easily be seen that department (5) and (6) above
are closely allied. The Distribution Engineering Department
is really the staff service group of the Line Department. It
is in the Distribution Engineering Department that the project
job cycle starts. Load forecasts from the Electric System
Department in the Company's General Office in Newark supple-
mented with local division forecasts will indicate problem
areas on subtransmission and distribution circuits. The
Division Planning Engineer must find ways to alleviate these
problem areas. It is his job to suggest alternative circuit
rearrangements and reinforcements. He will also work with

the major projects group of his local division to determine
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a best feasible circuit route.

The Role of Cost Estimating

Formal requests for cost estimates are most often
originated in the Project Sponsors Group in the Distribution

Department's General Office staff. The estimates are pre-
pared locally, in the appropriate field division. The
estimates are based on the request and the plan devised by
the local Planning Engineer. The estimate serves as a

basis for requesting money in the annual capital construction

budget.

The cost estimate plays a very important role in deter-
mining the feasibility of a project. On a local basis it
is often the determining factor in deciding among several
proposed alternative plans to accomplish the necessary load
relief. On a departmental basis it serves as a basis for
allocating capital construction funds among the eight field

divisions.

Cost estimates serve as a basis for local division
manpower planning. Since estimates are made well in advance
of actual work, they are a valuable tool in determining re-
quired capital manhours for the coming year. Reguired
operating and maintenance can also be forecasted based on

the capital manhours described in the cost estimates.
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Cost estimates also provide an invaluable aid in the
area of construction cost contreol. As a project leaves
the planning stage and is being worked on in the field, it
would be impossible to determine the level of efficiency
of job performance without the standard provided by the
cost estimate. The estimate provides many details of a
project including; material requirements, manhours, de-
tailed costs, etc.; to act as standards by which to control

the actual job.

The need for accurate cost estimates is imperative
in the Electric Distribution Department of Public Service.
It will be the purpose of this paper to describe how a
computer-based estimating system will be researched,

designed and implemented by the author for this department.



CHAPTER TI

DISTRIBUTION CONSTRUCTION
AND
COST ESTIMATING SYSTEMS

Introduction

The purpose of this chapter is to acquaint the reader
with the fundamentals of electric distribution construction.
The various types of work crews will be introduced and the
methods of installing overhead and underground cable will
be discussed. This will be done to give the reader a
better understanding of the latter part of the chapter
which will discuss three computer-based cost estimating

systems.

The first two such systems to be discussed are batch
oriented and were written for estimating electric distri-
bution construction. The final system to be reviewed was
not designed for electric utility work, but is rather a
general construction cost estimating system. This system

is included because it was written using real time techniques.

Types of Line Crews - Overhead

Overhead construction is done by using various combina=-
tions of three basic crews. The three crews are:

(1) The two-man Chief Lineman's crew

{(2) The three-man Chief Lineman's crew

(3) The five-man Foreman's crew
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Each crew can be used for many purposes and can best be

defined by limitations agreed to in the union contract.

The two-man Chief Lineman's crew consists of a Chief
Lineman and a Grade 1 or Grade 2 lineman operating a
single bucket aerial 1lift truck. The crew is used to per-
form primarily street light and secondary cable installation
and maintenance. This crew cannot work on energized pri-

mary wire operating at 13,200 volts.

The three-man Chief Lineman's crew consists of a
Chief Lineman and two Grade 1 linemen. This type of crew
operates a double bucket aerial 1ift truck. This type
of crew can install transformers on energized construction.
They can set poles up to forty-five feet in length. The
limiting factor on the three-man crew is that it cannot

install more than two phases of new primary construction.

The Foreman operated crew consists of five men. The
make up of the crew can vary, but it normally has two
Grade 1 linemen, one Grade 2 lineman and a line helper.
This crew can do any type of overhead work including the

installation of three phase primary wire.

Current practice has seen a decline in the number of
Foreman operated crews and an increase in the Chief Lineman

operated crews. A Chief Lineman is the highest step in the
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unionized work force. He assumes some supervisory responsi-
bilities, but not all. In practice, several Chief's crews
are supervised by one roving Foreman. Operating efficiency
has been increased in this way. Often, when three phase
wire 1s to be installed, a roving Foreman can be used in

combination with a three-man and a two-man Chief's crew.

Types of Line Crews - Underground

Underground crews are a bit more specialized then over-
head crews. There are five basic crew types, including:

(1) Splicing Crew Grade 2

(2) Splicing Crew Grade 1

(3) Chief Splicer Crew

(4) Cable Pulling Crew

(5) Trenching Crew
Each type of crew is used for specific applications in the

underground operation.

The Splicing Crew Grade 2 is the most widely used crew.
It consists of a grade 2 splicer and helper. The grade 2
crew can perform most types of straight splices used in
underground construction. These splices can be made on

cables undexr the 26,000 volt class.

The Splicing Crew Grade 1 consists of a grade 1 splicer

and his helper. They can perform all the work of a grade 2
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crew and also can make splices on 26,000 volt cables. They

cannot make branch splices, however.

The Chief Cable Splicer functions much like the Chief
Lineman in the overhead. He can perform some supervisory
duties. Working in combination with grade 1 and grade 2
splicers, cable pieceouts and 26,000 volt branch splices

can be performed.

The Cable Pulling Crew consists of a Foreman or Chief
Mechanic, a mechanic grade 1, a winch truck driver and two
helpers. This type of crew specializes in installing cable

in underground coconduit.

The Trenching Crew can be formed with any number of
men from two to five. It is usually made up of a Chief
Mechanic in addition to the required amount of underground
helpers. The function of this crew is to trench and in-

stall conduit.

Distribution Construction

As stated earlier, the work of the Distribution
Engineering Department is primarily concerned with the
installation and maintenance of overhead construction.
Primary overhead -and underground cables can be of sev-

eral voltage classes including 69-kVv, 26-kVv, 13-kV and
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4-kv. 1In addition to differing voltage classes, cable can
be purchased in many different current carrying capacities.
Cable can be installed in several different configurations
giving rise to a multiplicity of materials and varying labor
requirements. The next two sections will give the reader

an idea of what is involved in overhead and underground
work; and to provide him with some background on the task

involved in accurately estimating the cost of such work.

Overhead Construction

Overhead construction accounts for the majority of
existing circuit miles on the Public Service system. Over-
head construction is much less expensive to install than
equivalent underground construction. This type of con-
struction is most often used in suburban and rural areas
of relatively low load density. Overhead circuits are
radial in design, with tie points provided for load restor-

ation during circuit failure.

Overhead construction uses wood poles for support.
Wood poles come in a large variety of sizes and thick-
nesses. The Table in Figure 2.1 illustrates wood poles
commonly used by Public Service. The estimator must be
familiar with the application of each type and he must also

know the cost of each type. The typical installation will
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usually call for a 35 foot class four thickness pole. This,
of course, pre-supposes an uncluttered location in a straight
run of wire where average height and mechanical strength
will suffice. In installations where additional height is
required to clear an obstruction or to provide necessary
clearance for Bell Telephone Company cables, poles up to

90 feet in height may be used. The class number denotes
thickness. A class 5 pole is thin while a class 0 pole

is thick. Thicker poles are used for mechanical strength.

Poles are set by a three or five man crew. In general,
the smaller crew can handle smaller poles in easy access
areas. In order to install a pole, the crew must haul it
from a stockyard to the installation site. Secondly, a
hole is dug to a specified depth defined by the pole to
be set. The hole can often be dug mechanically with a truck-
mounted borer. In special cases, the hole may be dug with
a shovel, a jack-hammer, or may even be blasted with
dynamite. The estimator must know the conditions under
which the pole will be set in order to accurately estimate

the labor reguirement.

Guying and anchoring - After the poles are set, the use

of proper guying and anchoring must be employed to give the

pole line needed strength. A pole line under stress from
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the installation of conductors regquires guy and anchors to
avoid mechanical failure. The estimator must choose from
a host of guy and anchor materials, including:
(1) 3/8 in. galvanized guy wire
(2) 5/16 in. galvanized guy wire
(3) Light duty anchors
(4) Heavy duty anchors
(5) Swamp anchors
(6) Power installed anchors
Each arrangement has a unigue material cost requirement and

associated labor cost.

Conductor Configurations - Overhead

Unlike underground construction, overhead conductors
can be installed on poles in many different configurations.
Conductors operating at the same voltage with similar cur-
rent carrying characteristics can be installed on poles in
different ways. The estimator must be familiar with the
various configurations because each will use substantially

different insulating and support material.

Open wire armless configuration - Three phase open wire

armless construction uses three current carrying conductors
and a non-supporting neutral. It is supported on the wood
poles with an epoxy insulated V-bracket and an epoxy ridge

pin. This type of construction is illustrated in Figure 2.2.
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This type of construction is preferred by Public Service
oecause of its appearance, lightning protection ability,

and good current carrying capacity.

The estimator must be familiar with the insulating
brackets used for normal pole tops as well as construction
used for special purpose pole tops including:

(1) Dead end pole top - used to stop a run of wire

or as part of other special purpose pole tops.

(2) Small angle pole top - used when conductors
form a small angle at the pole causing stress.

(3) Large angle pole top - used when conductors form
a large angle at the pole.

(4) Riser pole top - used at the termination of
underground cable at a point where it taps into
the overhead.

(5) Lightning arrester pole top - used for lightning
protection installations.

(6) Extension pole tops - used for extra height
when an existing pole is too short.

(7) Side extension pole tops - used when it is neces-
sary to clear an obstruction.

(8) Switch or recloser pole top - used when a break
or tie point is to be installed.

The estimator must be familiar with the various types of

crossarms, brackets and insulators necessary to build these
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pole tops in each configuration type.

Spacer cable configuration - Spacer cable was once

widely used on the Public Service system but has fallen

into some disfavor because of lightning protection problems.
However, it is still used where room is critical. Spacer
cable is suppored by a high strength neutral messenger.

The individual conductors are separated by plastic or porce-
lain spacers depending on voltage class and application.

The spacers are attached to the supporting messenger to ef-
fect a uniform loading. Spacer cable is illustrated in

Figure 2.3.

The estimator must be aware of the uses of spacer
cable. He must be aware of the additional lightning pro-
tection requirements and the higher cost of installation

associated with this type of construction.

Open wire configuration - Open wire construction is an

older, but still used method of installing overhead wire.
It is often used in areas where there is poor access for
repair. Conductors are installed on eight to ten foot
crossarms using steel ridge pins and porcelain insulators.
Conductors are widely and unevenly spaced, resulting in
greater reactance losses, but better lightning protection.

Open wire construction is illustrated in Figure 2.4.
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The estimator must be aware of the proper insulators
used for different voltage classes used in this type of
construction. Since this type of configuration is most
often installed in areas of difficult access, the esti-
mator must calculate the additional labor requirement to

install the construction project.

Lashed cable configuration. This type of construc-

tion was once popular because of ease of installation.

It has limited use now, because of the freguency of
failures experienced with it. Lashed cable is made up

of a bundle of conductors surrounded by a metal strip
wound around them. It is supported by a neutral messenger.
This type of construction reguires no insdlating brackets

Oor crossarms. See Figure 2.5.

Aerial Cable. Aerial cable is really underground

type cable run along a pole line. The cable is run through
rings and is supported by a messenger. It is used where
extreme reliability is required in an overhead application.

This type of construction is illustrated in Figure 2.6.

The estimator must be familiar with the types of
underground cable suitable for this application. He must
know the proper support rings to use. He must also be

aware of the installation and splicing methods required.
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Figure 2.5 - Lashed Cable Construction
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Underground Construction

Overhead construction is used in light to medium load
density areas. In urban areas of heavy load density the
distribution system is installed underground. Choice be-
tween overhead and underground depends on a number of
widely differing factors. Comparative economics is the
most powerful factor influencing the choice. The capital
cost of an underground system may be five to ten times

greater than that for an overhead system.

Underground distribution systems as constructed by
Public Service Electric and Gas Company use conduit sec-
tions carrying insulated cable. The conduit sections are
run between manholes below street or sidewalk grades.
Conduit, cable, and manhole locations are aimost infinite

in variety.

Conduit Construction. Conduits are the hollow tubes

in which cables are installed. Conduits are seldom in-
stalled singularly, but rather in groups called duct banks.
The size of the duct bank depends on the diameter of the
largest cable to be installed, the length of cable to be

run between manholes, and the number of bends. Conduit
comes in a large number of sizes. However, little is gained
by using smaller sizes. The four inch and five inch conduit

are the commonly used sizes.

6. Skrotzki, G. A., Electric Transmission and Distribution,
New York: McGraw Hill Book Company Inc., 1954, Page 184
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The number of ducts depends upon local load require-
ments. Provision should be made for required circuits and
for future expansion. Eight to sixteen ducts in a bank
is the usual requirement for a main run, while four to
six ducts on side branches will suffice. Ducts are also
made of various materials including:

(1) Concrete

(2) Concrete-Asbestos

(3) Poly Vinyl Chloride
Selection of proper duct material depends on installation

reguirements.

Installation of a conduit system begins with trenching.
Trenching is normally contracted out to various independent
contractors. However, a certain amount will be done by a
trenching crew. A trench approximately three feet wide
averaging five feet in depth is dug between manhole loca-
tions. Factors which effect required manhours for
trenching include:

(1) Location of trench - street, sidewalk, open field.

(2) Condition of soil for digging - sand, mud, rock.

(3) Use of mechanical equipment.

The estimator must properly decide on required trenching

labor to accurately arrive at costs.

Coincident with trenching would be the larger excava-

tions required for manhole loecations. The three factors
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mentioned above also influence the required labor for

manhole installations.

After trenching and manhole installation is completed,
comes the installation of the conduit in banks which con-
nect manholes. The selected type and number of ducts are
arranged into standard banks. This is illustrated in
Figure 2.7. The ducts are held in place by temporary forms.
Cement is poured into the forms to make a permanent arrange-
ment. The trenches and excavations are back-filled and

streets and sidewalks are repaved to complete the job.

Cable Installation. Interdependent with duct selec-

tion and sizing is the choice of cable. Most underground
cable is lead sheathed, and also, oil-impregnated, paper-
insulated. Cable comes in various sizes according to the
load it is expected to carry and voltage at which it is
to operate. A table of commonly used cable is shown in

Figure 2.8.

After the installation of conduit and manholes comes
the installation of underground cable. The new conduit is
tested for continuity by passing a rod through it. A rope
is attached to the rod and pulled through the conduit.

The rope in turn is used to pull a steel cable attached to

the underground cable. The cable is pulled through the
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UNDERGROUID CABLE CONSTANTS - (Ser Nove 1)
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Size [ver AT 0ACC X Z
. . (27 1c00 Fr.)

=KV DISTRIBUTI 0N ;7'@% 3/C . 300 . 036 . 302
, 3-1/C 300 .050 305
#1 3/C .150 .033 5%
3-1/C .150 .015 157
2/0 3/C 086 .030 .10
3-1/C 036 L0 10k
/0 3/C .0b2 .029 . 068
3-1/¢C 062 040 O
350 3/C .03 .027 Nl
3-1/¢ .03 .03 0%
500 3/c .024 . 056 .038
3-1/C .028 .035 015
750 2-1/C .020 L0 .038
860 3/c .019 .025 031
13-KV_DISTRIBYTION 2/0 3/C .09 .035 102
2-1/C . 096 LORT 107
500 3/C .02 .030 N5
3-1/C .028 035 LT
800 3/C .019 027 .033
3-1/¢ .019 036 L0
13-KY_SUBTRAHSMISSION 2/0 3/ Souio .09 .035 .10%

350 3/C Sotio .030 .030 JOH
500 3/ Souio .028 .029 .CH0
600 3/c So1o .019 .027 . 109
2/0 3/c LPGF  .09% .033 102
350 3/C LPGF .038 .032 .050
500 3/C LPGF  .020 029 Nolle]
800 3/c LPGF  .019 .025 .032
26-KY_SUBTRANSMISS LON 2/o 3/C  Souip .0% .02 .105
3-1/C Souip .0%% 052 . 109
350 a/c SoLio .o3§ 035 052
3-1/C Souio .02 1 .056
500 3/c SoLip .02 033 .oug

3-1/C Souip .028 .039 e
800 3/C Sorio .019 .030 .036
3-1/C Sovio .019 .036 oIy
2/0 3/c LPGF .09 .039 .10
350 3/C LPGF .033 .037 .053
00 3/C ° LPGF .028 .033 c13
00 3/c LPGF  .019 .030 036

*3~1/C INDICATES THREE SINGLE~CONDUCTOR CABLES INSTALLED TOGETHER
IN ONE DUCT.
MotTe 1 - Varues oF R, X AND Z ARE OHMS TO NEUTRAL ON VOLTAGE BASE CORRESPONDING

I £ACH CASE TO THE INDICATED VOLTAGE RATING.

MoTe 2 - VALUES t& THIS TABLE ARE AVERAGE FIGURES FOR THE SEVERAL INSULATION
THICKNESSES THAT HAVE BEEN USED AT THE VARIOUS VOLTAGES.

Figure 2,8 - Partial Listing of U.G, Cables
(P.5.E.&. Constrn, Mal,)
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duct by means of a winch on a truck at the adjoining man-

hole. Ths process is illustrated by Figure 2.9.

Underground cable is very expensive. Most cable costs
in excess of ten dollars a foot. The cable is ordered in
very precise lengths to avoid waste. The cable is pur-
chased in lengths so that it can be pulled through the con-
duit leaving enough extra at each end for racking and
splicing. The estimator must be very exact when estimating
the cost of underground cable. Prices tend to flucuate
rapidly on this type of cable due to the high content of
copper and lead. An estimate done with today's prices may

be too low in a year's time.

Cable Splicing. After the cable is pulled, it must

be spliced. As mentioned earlier, most splices can be
done by a Grade 1 or Grade 2 splicing team. Splicing an
underground cable requires the peeling back of the lead
sheath, and the stripping of the paper insulation from the
three conductors. After this is done, copper connectors
aré placed on the conductors and are compressed and
soldered in place. Insulation is wound back on the con-
ductors and the spliced area is covered with a lead sleeve.
The sleeve is soldered to the lead sheath of the cable,

making the unit water tight.

Splicing is a time consuming cperation. Each cable
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type, of which there are approximately forty, requires a
different splicing time. The straight splice described
requires about eight manhours to execute. Splices on

gas-filled cable may take as long as thirty hours.

The Estimating Task

The task of estimating overhead and underground
construction is not an easy one. The estimator must have
full knowledge of the construction with which he is working.
He must work with large varieties of material and know
current costs. He must know the component parts that
make up a construction unit. The previous sections give

an idea of the scope of this problem.

Perhaps more difficult than the material portion of
the estimate is the calculation of the required labor.
Distribution work is done in the field, not in the confines
of a factory. Field conditions vary greatly. Base labor
hours may be applied to major units of construction. How-

ever, sufficient room must be left for engineering judgment

of field conditions. Labor is not constant on similar
jobs done in different locations. It is not constant for
similar jobs done during different seasons. Varying

traffic conditions may change the required labor for a
job. All these factors must be borne in mind by the esti-

mator.
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Using manual estimating systems, field construction
estimators are burdened with considerable record keeping.
In addition to the record keeping, there is a considerable
amount of calculation required in cost estimating. Esti-
mating appears to be an excellent task to assign to
electronic computers. Before designing such a system,
it will be helpful to review what others have done in this
area. The following section will review three such com-

puter systems.

Review of Three Construction Cost Estimating Systems

Researching the literature available on cost estimating
turned up many systems programmed for computer use. Quite
a few of the systems are similar in concept. Included for
discussion here are three which the author feels are repre-
sentative. Each has some features which are worthwhile for
inclusion in a cost estimating system designed for Public

Service Electric Distribution Department.

Louisiana Power and Light Cost Estimating System

This system was investigated because it is one of the
earliest attempts by the utility industry to computerize
the cost estimating function. Louisiana Power and Light
has used an electronic computer to some extent in the cost

7

estimating area since 1958. The current form of the sys-~

tem was designed in 1962 and implemented in 1965.
7. ZXKittrel, Lee L., "Job Estimating by Computer”™, 1969

PICA Conference Proceedings, IEEE Publishing Co. N.Y.
pp. 318.
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The basic concept of this system is the construction
plan. See Figure 2.10. The construction plan form was
designed to be used by the field engineer. It was designed
to help set up engineering specifications for line con-
struction in an orderly way. The specifications required
in the L.P.& L. system are written in the form of codes and
quantities. The specifications written in such a way are
used by the programs to provide the required costs for each

job.

The construction plan is divided into three major parts:

(1) Title Block

(2) Drawing Area

(3) Notes Area
The notes area is subdivided into sections down the page and
across the page as either the pole or span columns. The
form is designed to handle installs, removals, transfers,
and salvage. On the drawing, each pole location where work
is to be done is identified with a pole number which, in
turn, correlates with an entry on the bottom half of the
sheet. The tabular bottom section of the form is used for
describing the work to be done and the materials to be used

to accomplish the job.

The L.P.& L. system uses a logical system of names,
each of which described a type of structure or unit. 1In

order to completely specify a type of structure or unit for
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the computer, additional characteristics must be disclosed.
These basic characteristics include the type of conductor,
voltage, span length, and whether the particular structure
is to be worked while energized or de-energized. The
construction plan has been organized so that information

is described once for a pole or span, and will automatically

be associated with the various rows of that column.

The voltage row describes the primary voltage for the
entire line, or for each span as the case may be. The con-
ductor section relates to the type of wire, the number of
wires, and the type of conductor for each span. Span length
in feet is shown in the span row, and poles that are to be
worked with lines in an energized condition are indicated by

an "H" in the appropriate column of the hot work row.

The remaining rows are used for specifying the various
structure types at each location. Since the characteristics
of the specified structures are already indicated, the
L.P.& L. program can determine the particular variation to

be used when a unit is called for on the rest of the form.

The L.P.& L. system incorporates a data checking
routine. A listing of detected errors accompanies the store
reguisitions so that corrections can be made. Cards, which
are the input to the main processing program, can be cor-

rected and the program may be rerun if necessary.
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The main data files are stored on magnetic tape, and
must be converted to disk file units prior to processing.
This is accomplished through a utility program which also

reformulates the file adding required accumulator space.

The main processing program is written in COBOL.
L.P.& L. explains the use of this language by stating; "COBOL
is used since the majority of the activity consists of

input-output, table loockup, and file definition-"8

Upon entering the individual jobs into the computer,
the voltage, conductor, span and hot work tables are com-
piled for separate pages within the jobs. As itemized
units are read and analyzed, these tables are accessed in
order to pick out the variations of the specified unit.
The disk file is searched for the proper entry. When it
is found, the temporary storage locations or accumulators
are posted to record a use for the particular unit. When
a desired variation does not exist, a diagnostic is printed
out. The procedure continues until all units are posted
to the units file as usage or have been skipped due to an

error.

After the unit processing stage has been completed,
the L.P.& L. program enters the phase in which the cost

estimate is prepared, and the material quantities are

8. Ibid. pp 332.
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posted to the material item file. The disk file is searched
for units which were used to do the job. As the units are
read back in, the appropriate accumulators in core are
posted and totaled, indicating the new construction, main-
tenance, or removal figures. Each item that makes up the
unit must be posted and updated so as to yield the correct
amount of new construction materials desired. The above
process is continued until all units that showed a usage

have been processed.

The used units also have been read back into the com-
puter and processed in order according to certain classifi-
cations and categories. This is done so that the construction
cost estimate, Figure 2.11, can be printed out once a given
category has been processed and completed. When the program
completes the cost estimate, it enters the bill of material
phase. The material item disk file is now searched for
items that have indicated a usage on new construction work.
This file will be printed out indicating the quantity used,
class item or stock number and the item description. The
material report is shown as Figure 2.12. When the estimate
is completed, the accumulators in core and the disk file

are initialized to zero and the next estimate is started.

Comments on the L.P.& L. System. The L.P.& L. system

presents some good ideas on organizing input data. The use



JOB 3-66-1234%

LOUISTANA POWER AND LIGHT COHPANY
CONSTRULTION COSY ESYIMATE

NEW ORLEANS -

ITEN TYPE NEW  CONSTRUCTION
WORK QrY. LABOR  HATERIAL

RIGHT~0F~%AY

CLEAR AND TRIH 50.00 .00
CONBUCTOR

[+ coLp 1958 88,11 9L.52

40T coLD 9 97.98 274412
POLES

8 coLD 1 10.00 6.43

4573 coLD 1 30.00 50.19
PRIHARY

at coLo 3 12.00 16.67

AS HOT 13 .00 .00

AS €oLD 1 7.80 11.81

AL HOT 13 1 21.95 24.83
SECONDARY

sic coLD 3 18.60 12.36

S5C HOT 13 1 R. 65 3.64

S5C coLo 1 6.50 3.6%
TRANSF. + OEVICES

15100 CoLo 1 &5.30 28. 14

ARR1Q COLD i 6.306 0 12.40

258Y LoLL 1 38.00 8.62
ANCHORS

ANYONW HOT L3 .00 .00

ANIONW CoLD 1 12.00 19.0t

OGSF HOT 13 .00 .ao

OGSF - cuLo 1 10.00 1t.71

GG HOT 13 .00 .00

GG CoLD 1 2.50 2.86
TOTALS 432.69  S5717.95

JOB 3-66—1234

SERVICE YO %38 QAKX SYREEY

LUOUISIANA POWER ANU LIGHT COHPANY

BATERTALS LISTING

NEW ORLEANS -

OQUANTITY UNIT
ACCOUNT 364.0

1 £A

1 tA

S0 FT1

i1 EA

12 EA

i £A

3 EA

1 EA

1 £A

4 EA

1 EA

2 EA

4 A

1 EA

3r EA

1 EA

1 EA

& £

2 EA

1 EA

& EA

ACCOUNT 365.0

1 EA

i LG

12 FY

223 Le

24 [ 1

Figure 2,11

OEC. 1, 1968
MAINTEMANCE. RERQYALS

QTY. UABOR MATERIAL QFY. LABUR RETIRE SALVAGE

.00 .00 .00 .00 .00

.00 .00 .00 .00 .00

.00 +00 .00 .00 .00

.00 .00 .00 .00 .00

.00 .00 .00 . .00 .00

.00 .00 .00 .00 .00

.00 .00 1 4.70 1.50 1.02

.00 .00 .00 .00 .00

.00 . .00 .00 .00 .00

.00 .00 .00 .00 .00

.00 .00 .00 .00 .00

.00 .00 .00 00 .00

.00 .00 .00 .00 .00

.00 .00 .00 .00 . .00

.00 .00 .00 .00 .00

.00 .00 t 7.20 8.89 .00

.00 00 .00 .00 .00

.00 .00 1 6.00  12.80 9.41

.00 .00 .00 .00 .00

.00 .00 1 1.50 .00 1.43

.00 .00 .00 .00 .00

.00 .00 19.40 23.19 17.92

HAN-HOURS 121.2 TOTAL COST $1,012.12
DEC. 1, 1968

SERVICE TO 538 DAX STREET

CLASS-ITEHM

300~0347
304-0604
317-0994
330-0110
330-0112
330-0162
330-0218
330-0226
330-0250
330-0635%
330-0647
330-0648
330-0753
330-0804
330-0954
330-10619
330-1142
320-1207
330-1736
332-0410
332-0810

304-0051
310-0040
312-0755
315-0121
315-0468

LTEM DESCRIPTION

POLE, 45/3

TIMBER, & X 8 X BFT TRYD
WIRE, S/Ll6 1M. GUY
A0LT, 5/5 X 10 IN.
BOLT, 5/8 X 12 iN.
BOLT 3/& X 12 MACH
BOLT, S/8 X 18 IN.
BOLT, 5/8 X 26 iM.
BOLT, S/8 X 10 IMN. EYE
EYELET, S/8 IN. GALV.
GUY ATTACHHENT -
GUARD, 8 FI. GUY

PIN, 1S [M. STR POLE 1OP
SCREW, 1/2 X & [N. LAG
WASHER, 2 IN. SQUARE
PLATE,LIFT CURYED 7 IN
ANCHOR 10 IN. 3-HELIX
BOLT, 1/2 X 1 1/2 1N HCH
CUY GRIP, 5/16 IN. AUTO.
ENSULATOR, SHORT F18 ROD
RACK, 1-WIRE SEC,

HCH.
HCH,

D.A.
DA,

HOULDING, 1 IN X 8 FY
WIRE, 6 SOL BARE S D COP
CaBLE, 2 TSTR YW COP
CABLE, .1/0 A C S R
CABLE, 4/0 INSUL AL.

- L.P.& L, System Outputb

45,



46.

of certain key factors, such as voltage class, construction
type, and span length to uniquely identify input data is a
valuable one. Much time can be saved in processing the
data when the inputs can be grouped. The use of random
access disk files is also a plus factor for this system.
Tape file must be read sequentially and construction units
are seldom sequential in nature. Random access to unit
files is imperative ta run a cost estimating system in

reasonable time.

The L.P.& L. system, however, leaves something to be
desired in a few respects. It is a batch system requiring
card input. The author feels that an estimating system
should be available on-line to the user in real time for
rapid turn around. The L.P. & L. system produces reports
formatted in a very general way. The author intends to
design a system which will produce a letter sized report
which will direclty‘replace the typewritten report which
currently accompanies a reply to a request for an estimate.
Another deficiency is the lack of an underground portion

on the estimate.

The Detroit Edison Cost Estimating System. Detroit

Edison has produced an estimating system which in operation
is similar to the Louisiana Power and Light system. The

D.E. system, however, incorporates the use of precoded
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packages of components to simplify input. The use of pre-
coded construction packages is a significant departure from

the L.P.& L. system in that it does away with much tedious

detail.

The task group responsible for designing the D.E. sys-
tem determined that three categories of construction had

to be recognized.

(1) Subtransmission construction is relatively
standard, and the number of wvariables, such
as crossarms, conductor configuration, types
of conductors and insulators was not excessive.
All material represented on one engineering
drawing could be handled easily by one com-
plete detail. Approximately 160 complete
details were required for all subtransmission
construction and maintenance work on the

system.9

(2) Street lighting construction uses a multi-
plicity of components in many different com-
binations. If each likely combination were
to constitute a separate detail, a large
number of details would be needed. The
solution is to include several small com-

plete packages of components. Through

9. Dayton, Manley, "Computer Takes Over Line Estimating”,
Transmission and Distribution, Nov. 10, 1969, Page 66.
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program logic, the estimator can generate
desired combinations from these packages.
The computer will then summarize these

component packages.10

(3) The same technique as shown in 2 above was
used for guying details. Variables such as
type of anchor, guy wire size, length of
guy, type and number of guy insulators, and
guy guards, are coded. The primary system
operates under two voltages, 4.8-kV and
13.2-kv, 120/240 vV and 240/480 v. If all
combinations possible on a pole were to be
generated, many thousands of complete dif-
ferent details would have to be stored on
the computer. Instead, we decided to set up
complete basic packages of details by voltage
class for variocus pole top structures which
would give the common material needed to

support the line conductors.ll

As thedr next step, Detroit Edison set up kits of
materials. The kits included much detail including: the
proper tie wire, connector bolts, and deadend clamps for
specific conductors. These kits are inserted into the basic

data through the use of a one letter conductor code. The

10. 1Ibid Page 67.

11. 1Ibid Page 67.
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pProcess of packaging pole top detail is illustrated in

Figure 2.13.

The desired secondary conductor combination is added
to the primary line conductor detail by using another one
letter code. The only requirement which the estimator must
meet is that the two details be compatible in structure

type.

Other auxiliary detail packages provide for the materials
required to mount components and egquipment on the pole.
Additional code letters added to these details designate
such items as primary and secondary taps, arresters, fuse

holders, transformers and capacitors.

Comments on the Detroit Edison System. Detroit Edison

has made a significant advance over the L.P.& L. system
described earlier. The improvement is in the area of simpli-
fying the reguired input to the computer by packaging
components. This package or unit concept is very useful for
reducing the multiplicity of items required for the typical
distribution project. Line design is simplified for the
technician, which not only saves time, but also increases

the accuracy of the estimate and the material list.

It is possible to take the initial design of the unit

system, as described in the Detroit Edison system, a step



50.

DETAIL - ESTIMATING ORDERING FORM
DE Foam oL 112 1-53
CLASSIFICATION STREEY SY ST &M
SUaTRANSMISSION LT REBUUON LICHTING COMMUNICATION o.PLL.,
| @ e 7 OF
PACKAGED DETAILS Ci GENERATED DETAILS C
QUAN- COLUMNS 2 ouan. COLUMNS o
ity | 12134156 7 s )9 jw i etniry v ]2 3145678 910?
S~ o | s iX [T lols 1/ 1D pl 2 [/ [4 el 2R = WA G
Z 1o lsx I x 13 133 [ 7] Dl 2 1z ler |z 1A 13 152 (7 |7 G
/ Ois X183 lolxz |/ =15 ) G
= el |Rl2 |24 1C 1817 D G
/1215 I X 13 ol |2 |3 D 161
| A 7S X 2o lfl 713 187400 . G
(o705 |- - D 1 G|
w31 O IR P I L S BN | ~
Seenots 2 & detail 179
for grounding disconnect Jumper 4800 voit Seconda ¥
: - clam ta r
bracket Durgbute cutout P~ orrester .

No. 6 BC ut13 kv - ed. no 706-0101, shown
Mo.6WP ot 484y

. Fusa. Seenote 7
Arrasters on brocket ‘ sign
J

fer detnil B . .

Ko, 2 WP gase !‘L“_e,b%pjﬂ

s o T e RS
. T {_‘QT EER v ‘ =
o .
35 max B ; N A—

to groda

. ;
Fas? Lo B fuse

cutout

g2

This must be !»

Elostimold cokle "
armindtion apd
troiner by UGL.

Hautral zone o
for 48 kvif no 3-0
line secondary

Hautrol zone for 13 kv
if ni line secondary

DETAIL 2023-P7A30 (13 kv armiess) iy

DETAH. 20230-P7XZ0 {13 kv crossom) rosr

DETAIL 20235-P5A30 (4.8 kv crossarm)

DETAIL 20236~ P5X30 (48 ky crossarm) DETAIL 1726a-T5X20

Qiscr:stc construction details are the basis for the mechanization of line detzail estimating. By breaking down primary construc-
tion £n a given pole into a prescrnbed package, and secondary into another package, these can be selected by coded symbols
and modiiied for special circumstances by the addition of suffixes which specify that particular variation.

nd+ Baigonta Material Packages
Pigurs 2.12 = Debtrold Lnd.%ﬁur‘
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further. If it is possible for an estimator to select a
package of components out of a finite list, thén it is

also possible for the computer to select these packages
given enough basic information about the design of the line.
This will reduce the work of the estimator by a considerable
degree, and lessen the expertise required to properly esti-

mate a project.

The C.E.S.L. Estimating System. The concept of using

computers in real time in a time sharing environment is a
relatively current one. The third generation of computer
hardware provided the resources necessary to accomplish
the feat. The emergence of time sharing can be traced
back to Dartmouth University and the work done on the de-
velopment of the BASIC computer language in 1967. The
ability for field estimators to have hands-on access to
an estimating system would provide power and flexibility
not available with batch oriented systems. Such a system
has been written by the University of Illinois Civil

Engineering Department.

The University of Illinois Civil Engineering Systems
Laboratory estimating program is a time-shared, remote
terminal system used by contractors, engineering firms,
and civil engineering students. Each user has direct
access to the system through a terminal similar to an

electric typewriter.
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According to C.E.S.L. documentation, no knowledge of
computer procedures or programming is necessary on the part
of the user to run the system. The C.E.S.L. programs are
designed so that all input is error checked. Although the
user has the initial responsibility of entering his data
correctly, cross checks are made between input and stored
data. The use of direct conversation techniques allows a
user to update and print out stored data while he sits at

his terminal.

The steps in using the C.E.S.L. system are as follows:
(1) Define the estimating accounts. These are six
character identifiers. For example, EXCAVN,

FOUNDN, ROOFG, etc.

(2) Perform the calculations necessary to provide
quantities of material from the construction

drawings.

(3) Enter the estimating accounts with the guanti-

ties of work units.

(4) Assign history file descriptors and access the

historical data files wvia terminal.

(5) Enter for each account defined:
(a) a lump sum cost

(b) a unit cost
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(c) a productivity factor for each craft

and eguipment used.
(6) Create a resource cost file.

(7) Request preparation of the estimate by the

computer.

(8) Review the results and modify the estimate as

desired.

The procedure used in the computer for calculating the
cost estimate is similar to the method used in the L.P.& L.
system. Three reports are generated by the computer. A
detailed report which shows the estimated items and associ-
ated quantity and cost for each account. A summary sheet
is produced which shows the estimated costs that were cal-
culated using resource enumeration and costing for each
estimating account. Finally, a second summary sheet is
produced which shows a combination of calculated costs
and entered costs. The three reports are shown in Figures
2.14, 2.15, and 2.16. After studying the results the user

can modify his input data and rerun the estimate as desired.l2

Comments on the C.E.S.L. system. Although this system

is not specifically designed for electric utility estimating,
it presents some useful concepts. The idea of an on-line

system available for use when needed is very desirable for

12. Boyer L.T., "Remote Terminal Cost Estimating", Journal
of the American Society off Civil Engineers, Vol 98 COl1
mar 1972 pp 14
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Figurs 2.14 - C.E,3.L, 3ystem History Report
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cost estimating. Rapid turn-around, and the ability to
modify the input data for result comparison, adds a needed

dimension to computer-based cost estimating.

The ability to manipulate data files and create files
for special purposes would work well in a de-centralized
Ooperation such as the Electric Distribution Department of
Public Service. Each of the Company's £field locations
would be able to set up and maintain data files which would
more accurately describe local productivity than a general

file stored Company-wide.

Summary

This chapter has attempted to acguaint the reader with
the scope of electric distribution construction. The various
crew types used to do this work were introduced. The basic
types of construction were explained. The reason for doing
this was to give some appreciation of the complexity of

estimating this type of work.

The latter part of the chapter introduced the concept
of using the computer for cost estimates. Three existing
systems were reviewed. Two systems were designed specific-
ally for electric distribution construction estimation:
the Louisiana Power and Light system and the Detroit Edison

system. The L.P.& L. system presents some good ideas on



58.

organizing input data, and on the use of random access
methods for handling data files. The Detroit Edison system
introduced the concept of construction packages or units in
order to simplify the regquired input. The third system
investigated was the University of Illinois Civil Engineering
Laboratory estimating system. While it was not designed

for electric distribution estimating, it uses real time

concepts which the author feels would be beneficial.



CHAPTER IIT

MANUAL METHOD FOR COST ESTIMATING

Introduction

The purpose of this chapter is to acquaint the reader
with the currently used manual methods of construction cost
estimating in the Electric Distribution Department of
Public Service Electric and Gas Company. The preparation
of the necessary data will be discussed first. The
gathering of cost and productivity information is then
covered. Finally, the preparation of the estimating forms

is reviewed.

General Steps for Estimate Preparation

The preparation of a cost estimate is a relatively
complex function. The Jjob consists of the following basic
steps.

(1) The evaluation of proposed circuilt routes.

(2) The determination of required material and labor.

(3) The gathering of cost information.

(4) The preparation of the estimate form.

(5) The preparation of the estimate summary.

(6) The preparation of a stores requirement

listing.

Evaluation of Proposed Circuit Routes

When a plan is received by the major projects group
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from the planning group, the first step is to check primary
and secondary circuit prints in the office. This is done
as an initial step to check the feasibility of the proposed
route. Having done this, the engineer will survey the pro-
posed route in the field. The field check is performed
because circuit prints do not indicate obstacles and route

problems that may actually exist.

In the course of the field check, the engineer looks
for such things as; tree problems, existing pole conditions,
guying problems, telephone construction, to name a few.
Primary circuit routes are measured with a wheel device.
Underground cable routes are measured with a tape, since
very accurate cutting lengths are reqguired for the expen-—

sive conductors.

Determination of the Required Material

During the field check, the engineer will take notes
on a secondary print which shows the street plan in a one
inch to one hundred feet (1" = 100" scale. The notes
indicate the major items of material required to do the
job. After returning to the office, he will review the
prints to determine the total amounts of each material
item needed. The resulting material summary includes wire
and cable lengths by stock type, number of poles of each

size and class, pole brackets, insulators, crossarms,
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transformers, etc. The development of such a summary from
print and field surveys requires a thorough knowledge of

construction.

Gathering of Cost Information

Current costs of various material items are gathered
by the engineer from the monthly stock ledger. However,
in order to use the ledger, the engineer must be familiar
with the class and code number assigned to the material
for which he seeks a cost. Labor costs are not so uni-
formly arrived at. Current practice is for each engineer
to develop his own figures for work units based on his ex-
perience in his division. Labor costs are calculated from
productivity figures using base labor rates unique to the
local field division. The rate is unigque because it is
partially loaded to reflect the non-productive time for

each division.

After the base costs are assembled for each unique
job unit, they must be sorted into proper electric utility
accounts as required by the State Public Utility Commission.
The engineer is supplied with a material accounting guide
by the clerical group to help him with this procedure. A
page from such a manual is shown as Figure 3.1. Even with
the aid of the manual, the sorting procedure is time con-

suming.
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Preparation of the Estimate Form

After the costs are spread into the proper accounts,
the estimate form can be prepared. The layout of this form
is shown in Figures 3.2 and 3.3. A brief set of instruc-

tions for filling out the form is as follows:

(1) The required loading for labor and material
is different in each division but are approxi-

mately the following:

(a) labor loading is 130% of direct labor.
(b) material loading (OH) is 50% of material.

(c) material loading (UG) is 25% of material.

{(2) E364.1, shown in Column 1 of Figure 3.2, is the
pole account. Some thirty different poles are
used with 100 possible labor productivities.
See Figure 3.3 for a partial listing from a
table used by a field division in their manual

estimating system.

(3) E364.2, shown in Column 1 of Figure 3.2, is
the crossarm, bracket, and guying account.
A partial table from the same source as

above 1is shown in Figure 3.3.

(4) E365, shown in Column 1 of Figure 3.2, is

the account which contains the major costs
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of overhead construction. Costs for installing
all overhead wire and cable are shown here. A
partial listing of cable material and labor

costs are shown in Figure 3.3.

E366 is the underground trenching and conduit
account. Costs are based on difficulty of
digging and the type and amount of conduit

used.

E367, Column 7, Figure 3.2, page 65, is the
underground cable account. It will normally
contain the major costs of the underground

portion of the cost estimate.

Escalation costs must be applied to all accounts
so that an estimate prepared today will take
into account the ingraces of inflation. Cost
data on all estimates should be accurate as
of January 1 of the year following their
preparation. The estimate of escalation will
begin at that point and be calculated at a
given percentage of labor, material, and
overhead burden costs per month until the
estimated start of the job. From the start
of construction to the end of construction

this cost is estimated at one half the above
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percentages. The entire calculation is done

according to the following formula:

Escalation Cost = (T1 + T2/2) (xL #* yvM +x-40H})
Where:

-Tl is the estimated time in months from

January 1 to the start of construction.

-T2 is the estimated time in months from

the start to completion of construction.

-x is the monthly escalation rate for labor.

-y is the monthly escalation rate for material.

-z 1s the monthly escalation rate for overheads.

~L 1s the estimated labor cost for the account.

-M is the estimated material cost.

~(0OH) 1is the total estimated burden cost

Preparation of the estimate form requires much calcu-

lation. Costs must be added and summarized. Cost units
must be sorted into proper accounts. Labor and material
loadings must be calculated for each account. Escalation

must be calculated for each account according to the
egquation shown above. Each account must be subtotaled.

Fach subtotal must be totaled to yield a final total.

Preparation of an Estimate Summary

In addition to the above work, the preparation of an
estimate summary must be accomplished. The estimate sum-

mary form is illustrated in Figure 3.4. The summary 1is a
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re~-sorting and reduction of the information shown on the
estimate form. The summary shows all direct overhead
labor and material as one figure which is the sum of all
overhead accounts shown on the estimate form. The sum of
all burdens is shown next as a separate entry for labor
and material. Total escélation costs are shown in sum-
mation for all overhead accounts as the next entry. The
next section in the overhead summary is a listing of manhour
requirements needed to do the overhead portion of the job.
The hours are summarized for direct overhead labor,
operating and maintenance manhours, construction removal

manhours, and a final total for all reguired manhours.

Following the overhead summary a similar summary is
prepared for the underground portion of the work. Finally,
a total project summary is developed showing; total
direct labor and material, total burden costs, total es-

calation costs, and a grand total of the above.

Preparation of a Stores Requirement Listing

The material for the project must be ordered well in
advance of the proposed starting date of the required con-
struction. A form must be submitted to the stores group
requesting the material. The form shows each major item
of material needed as well as the required delivery date.
All delivery dates will not be the same. It is desirable

to spread delivery dates over the length of the project.
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The estimator must be aware of the sequence of events
involved in the project in order to spread deliveries

properly.

Paper Flow - Manual System

The manual system requires that an Assistant Engineer
or a Senior Engineering Plant Assistant prepare the esti-
mate, estimate summary, and the stores requirement
listing. The estimate is checked by the group leader
involved. The overhead portion is checked by the Overhead
Engineer; the underground portion by the Underground
Engineer. The completed estimate is reviewed by the
Planning Engineer and submitted to the department head, the
Distribution Engineer for department approval. Having
passed departmental approval, the estimate is submitted to
the Division Superintendent for final division approval
before it is submitted to the General Office for inclusion

in the Distribution Department Budget.

It should be noted that if the estimate is found to
be in error on the various levels of checking, it is re-
submitted to the original estimator for recalculation and
retyping. The manual system is very tedious for error cor-
rection. A computerized system could contain the input

data in an on-line file during the approval stage. If
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errors were found, the necessary corrections could be made
to the data file and the estimate rerun. A considerable

time savings would result.

After an estimate has been approved and included in
the Budget, the original estimator is designated as the
project sponsor. If the original estimator is not avail-
able, the work will be done by an equivalent member of

the original work group.

Summary

This chapter has attempted to acquaint the reader
with the manual estimating system currently used in the
Electric Distribution Department of Public Service
Electric and Gas Company. It has followed the current
method from the gathering of data to the preparation of
the final estimate forms. It should be apparent to the
reader that the estimating function is a complex and time
consuming operation. The preparation of estimates is
confined at present to the more technically skilled union

people of higher classifications or to management personnel.

The author feels that a properly designed real time
computer program or series of programs can take much of
the complexity out of the function. Also, such a system
could reduce the time required to do an estimate con-

siderably. In fact, the author envisions a relatively
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large economic benefit can be derived from computerizing

the cost estimating function.
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CHAPTER IV

DESIGNING AN ESTIMATING SYSTEM

Introduction

The purpose of this chapter is to set forth the basic
criteria for designing a real time computer cost esti-
mating system. Topics to be covered will start with
the required input and proceed to the reguired output.

The intention is to introduce the design in general
terms; more specific discussions will be included in

chapters to follow.

General Design Criteria

The design of any computer system written to replace
a manual operation follows a pattern. The following is a
list of topics to be covered in designing the cost esti-
mating system to replace the manual methods currently

used by Public Service.

(1) Design of the required input.

(2) Design of the required output.

(3) Selection of a time sharing computer system.
(4)‘Se1ection of a computer language.

(5) File layout and structure.

(6) Basic layout of the programs.

(7) Analysis of additional load on existing terminals.
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Design of the Required Input

The design of the required input will be done so as
to minimize the work of the estimator. This, of course,
will place an added burden on the design and programming
of the system, but it is felt that extra hours spent in
this area will more then be repaid in subsequent time
saved by the users of the system. It is the author's
experience that many computer systems fail to gain user

acceptance because of overly demanding input requirements.

Where possible, input will be dependent only upon
general job knowledge and currently used code descriptions.
For example, yes or no answers to questions set forth on
the data sheets often simplifies input for a user. The
use of commonly used codes to describe wire and cable
will be employed, thereby defeating the need for new codes

in the data.

To cite a specific example, a typical line of data
input for describing the installation of an overhead run

of cable would include the following:

(1) Cable Code - commonly used stock ledger code.

(a) Example; 031854 is 13kv h.d.p. 397 kcmil al.

(2) Number of poles in run of wire - this is easily

arrived at from a map or field survey. '
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(3) Construction code - a short list of codes must
be devised to describe construction type and
voltage class.

(a) For example:
3 could represent open wire armless
4 could represent open wire

5 could represent spacer cable

(b) Voltage class
.0 could represent 4-kV
.1 could represent 13-kV

.2 could represent 26-kV

(c) Combining (a) and (b) yields a construction
code.
3.0 would be 4-kV open wire armless
3.1 would be 13-XV open wire armless

3.2 would be 26-kV open wire armless

The construction code formed in such a manner
would not be difficult for the user to under-
stand and would be sophisticated enough to

describe all installation variations.

{(4) Number of phases - this will be either 1, 2, or

3. It is derived from the planning sketch.
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Special purpose pole top construction. This
will not require the input of special codes

on the user's part. The user will indicate

in the appropriate column the amount of such
special pole tops required. This will greatly
simplify the amount of knowledge required by
an estimator to do an estimate. The computer
will develop the proper material based on

the construction code and the number of phases.

Labor factors - Data files will contain normal
labor productivity for all material units.
However, it is often necessary to increase or
decrease labor content to fit the specific
nature of the job. For example, a run of wire
installed on a busy street will take longer
then similar construction on a gquiet street.

Factors which effect productivity include:

(a) Existing construction
(b) Traffic conditions

(c) Tree conditions

Each line of cable data will provide for factors

to vary labor through direct multiplication.
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The factor 1.1 will increase labor by 10%.
The factor .90 will decrease labor by 10%.
The point is that the factors really require

no special tables.

Input for other categories will be designed in the
same manner. These categories include:

(1) Pole installation

(2) Service wire installation

(3) Guy and anchor installation

(4) Switch and recloser installation

(5) Overhead wire installation

(6) Trench and conduit installation

(7) Underground cable installation

(8) Street lighting installation

(9) Miscellaneous under construction

(10) Miscellaneous accounts
A set of proposed data sheets can be seen on Figures 4.1

and 4.2.

Desired Output

The cost estimating system will be designed to produce
reports formatted to exactly replace the manually typed
versions illustrated in Figures 3.2 and 3.4. The system
will also produce a material listing including stock codes,

quantities, item descriptions, and required delivery dates.
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Figure li.2a- Input Sheet - page 2
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The intent is to do away with all manual reports,
summaries, and material listings. This will result in
approximately a four hour time saving per estimate over

the manual system.

Selecting the Computer System

It may seem add at first glance to select a computer
system before the programs are designed. However, it is
difficult, if not impossible, to do any design work
without knowing what tools will be available. Computer
salesmen would have you believe that all high level
languages and file structures are directly transferable
from one machine to another. In realitf, such is almost
never the case. Therefore, it is necessary to know what

machine you are designing for before you start.

As mentioned earlier, the estimating system will
reside in a time-sharing computer. The follQWing com-
parison will therefore, only consider time—shariné service
vendors. The very size of the system will automatically
eliminate many small capacity computer service vendors.
The programs will occupy appfoximately 100 K of core in
smaller program segments of 5 to 15 K of 36 bit words at
a time. For the comparison, the author has selected the

following services:
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(1) General Electric's Mark I system
(2) General Electric's Mark III foreground system
(3) Applied Logic's Al/Comp system
(4) Graphic Control's GC-10 system
Below is a table of costs encountered with each of the

four systems:

TABLE OF COMPUTE VS. I/O

COMPUTE BOUND I/0 BOUND
System Connect CPU Cost Connect CPU Cost
Name Min. Sec. S Min. Sec. S
GE Mark I 1.17 39.33 1.72 3 4.17 .54
GE Mark III .15 3.61 1.22 3 .19 .61
Al/Comp .30 10.7 1.37 3 .48 .61
GC-10 1.10 16.1 1.72 3 .91 .64

FIGURE 4.3

A good test for any system is a check of running costs
for two different kinds of programs; one mostly computational,
and the other all input-output. The table shown above and
marked as Figure 4.3 depicts how the four systems compare

under both situations.

The results are shown plotted in Figure 4.4. The graph

indicates that the General Electric Mark III foreground
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system is the most economical for all but the most I/0
bound programs. The estimating system will be a mix-
ture of heavy computation and lengthy I/0. Therefore,
the Mark III system is the economic choice. Another
cost advantage of this system is the availability of
local phone lines throughout the state, thereby reducing

what could be large phone bills to access the system.

Selection of a Computer Language

The General Electric Mark III foreground system has
two powerful time sharing languages available.

(1) FORTRAN IV

{(2) BASIC
FORTRAN IV is a powerful scientific language incorpor-
ating the original FORTRAN language elements, augmented
with sophisticated file handling abilities. It was
developed for General Electric by an independent soft-
ware house especially for the Honeywell 635 computer
on which it resides. It compiles to form an extremely
efficient object code with resulting savings in C.P.U.

costs.

A drawback of the language is the limitation im-
posed on alpha-numeric variables. FORTRAN IV limits
alpha-numeric strings to four characters. The esti-

mating system will need to handle strings of up to

87.
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forty characters. FORTRAN IV Will pose a problem in this

area.

Fortunately, the General Electric Mark III fore-
ground system also has a very sophisticated version of
the BASIC compiler available. BASIC was originally
developed by Dartmouth College for use on a prototype
Mark I system using a General Electric 265 computer.
The language was designed as a simplified subset of
FORTRAN with special features for the time-sharing
environment. In the eight years since its inceptioﬁ,
the language has undergone many changes. Today, it
rivals FPORTRAN in many areas,‘*and offers some real
advantages over than language, including:

(1) Seguential file reading

(2) Powerful matrix manipulating functions

(3) String variables up to 119 characters in

length

(4) ASCITI and Binary file handling capabilities
BASTIC 1is, therefore, the obvious choise for a file
oriented system using long string descriptors such as the

cost estimating system that the author envisions.

File Layout and Structure

The cost estimating system will rely heavily on data

files. A set of files will be stored separately for each
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of the eight field divisions. This will be done because
productivity information varies depending on the division
doing the work. The breakdown shown earlier in the
chapter for the data input serves well to define the

files needed for the estimating system.

Separate files will be set up to service program
modules for poles, guys, anchors, switches, overhead
cable, pole top hardware, conduit, manholes, underground
cable, etc. Most of the above files will be of small
size; however, elght versions of each file will be
stored to service each division. Total file storage

space will be large because of the above reason.

In general, the files will be stored on disk devices
for rapid access. Most of the files will be stored in
the sequential ASCII mode. These files will be directly
listable on a user terminal for easy updating and review.
The files will be similar in concept and structure.
Each will contain a code (usually the commonly used company
stock ledger code), a material cost, and productivity
figures for one or multiple circumstances. The differing
labor units will result in different record sizes for

each file.

The large file needed to store pole top hardware
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information will be stored in random binary format.

Such files are not directly listable on a terminal device,
therefore, listing and editing programs must be provided
for the user. Binary files must be precisely defined
prior to initial storage. Record lengths must be defined,
as well as the total number of records to be stored.

Such files are not dynamically expandable as are the
ASCII files described. Binary files offer some real
advantages over other file structures in the areas of
direct access to a particular record, and lower storage

costs.

Basic Layout of the Programs

The cost estimating system will be modular in con-
cept. Each program will be called into core when
needed. The program will call the proper files to do
the estimate as defined by the user input. Calculations
will be performed by the program to arrive at material
and labor costs. The cost figures, along with the proper
string descriptors, will be written to an intermediate
work file. After execution of the program module currently
in core, the next program needed will be called into core
to do the subsequent part of the estimate. This will con-
tinue until all parts of the estimate as defined by the

input data are complete. At that point, the terminal
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sequence programs will be called in as required to pro-
duce the types estimate on the user terminal. This
program module will call on the work file which was
being appended during the execution of the primary stages
of the system. The file will be read and sorted into
ascending account order and finally a report will be

produced on the user terminal.

Program names and functions. The following is a

list of the main program modules and the functions per-
formed by them.
(1) ESTCKS$ - The function of this program is to

check user input data. Data will be checked
for syntax errors, and for rationality. A
report will be generated on the user terminal
listing the input data line by line. Correct
data will not be altered. However, incorrect
data will be appended with diagnostic messages.
Compiler aborts will be disabled, and the
file will be processed in one pass. If all
data is correct, the user will be chained to
the main processing module. If the data con-
tains errors, the user will be advised to make
the necessary corrections and run the ESTCKS

program again.
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(2) ESTRES - This is the main processing module.
After the data has been checked by the ESTCKS
program, this program will be called. The
function of this program is to read in user
input data and sort it into the proper work
files for the execution of the rest of the
system. For example, data for the pole install-
ation module will be written into the file
D3641l. This program also records the user
number, the date, the time, and the name of
the estimate into the usage file USAGE. The
program will finally decide which program will
be called next, based on user input. If the
estimate contains overhead data for pole in-
stallation, the program E3641 will be called.
If the estimate contains no overhead data,

the program E366 will be called.

(3) E3641$ - This program will call in the files
POLES, D3641, and COMINFO. These files are
necessary to do cost estimating for pole in-
stallations. User input is stored in D3641,
cost information is stored in POLES, and labor
rates are stored in COMINFO. The costs are
calculated and written to DMISC. The material

required is written to the file MATFILE.
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(4) E365W* - This program will be called into core
after the completion of E3641$. The operation
of this program is the most complex of the
system and will be discussed in detail in the
next chapter. For the purpose of this section,
the function of this program is to read in the
user input from file D365 and the files
associated with overhead costs including: OHCABLE,
BRPTOP, GYANSW, and COMINFO. Costs are calculated
and written to DMISC. Material requirements are
written to MATFILE. If an underground estimate

is needed, the next program called is E367W*.

(5) E367W* - This program is the one which produces
the costs and material necessary for the under-
ground portion of the estimate. It calls in
the user input data from the file D367. It
also called in the underground data files
STLIGHT, UGCABLE, CONMAN, and UGMISC. The pro-
gram produces the cost and material information
and wirtes it to the files DMISC and MATFILE.
The program then called in the next program in

sequence, MISCP*,

(6) MISCP* - This is the first program of the closing

sequence of the system. Its purpose is to call
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in the files produced by the calculating section
of the system, DMISC and MATFILE. This program
sorts the cost data stored in file DMISC into
ascending account order. It loads the estimate
for indirect labor and material based on per-
centages stored in the file COMINFO. It produces
the estimate in the same format as the former,
manually typed report as illustrated in Figure
3.2. Based on user needs, as denoted on the
input data sheet, the system will stop at this
point or call in the next program in sequence,

SUMRY* .

(7) SUMRY* - The function of this program is to
produce an estimate summary report. The report
is produced using information dumped to the
data file SCRPAD by the program MISCP*. The
summary will be of the form shown in Figure 3.4,
Afain, depending on user needs, the system will
stop here or chain into the final program

module, MATLS*.

(8) MATLS* - The function of this program is to read
the data produced by pricr program modules,

stored in the file MATFILE, and to print out a
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material list. The raw data contained in MAT-
FILE is sorted into ascending material stock
code order. The codes are then matched with
the proper material description by using cross-

matching procedures with the data file MATNM.

A complete flow chart of the system is shown in Figure 4.5.
The flowchart shows the inter-relationships of files and

programs discussed above.

Analysis of Additional Load on Existing Terminals

The implementation of computer-based cost estimating
via remote terminals in each of the eight field divisions
will result in additions to the existing gqueues waiting
to access various other computer programs and systems.
With this in mind, it would seem appropriate to determine
whether the developing queues would be of an intolerably
large size, and consequently result in excessively long
waits. It will be the purpose of this section to deter-
mine whether additional terminal eguipment will be
required as a result of the additional work load imposed

by a cost estimating system.

A study of terminal traffic was conducted in Essex,

Hudson, and Trenton Divisions by the author in September,



ESTIMATE SYSTEM

o} misera

1 a agae
YoE

el el

Figure .5 - Complete Estimate System Flowchart —




96.

TABLE OF QUEUEING VALUES

Division CFpy  CFg) n5 ne n n' 3 Q
Bergen 5.2 7.8 .16 .50 .17 .19 8.76 1.49
Camden 7.1 10.6 1.16 1.24 .23 .25 8.76 2,02
Elizabeth - 5.5 8.2 .89 .97 .18 .20 8.76 1.58
Essex 9.3 1L.0 1.53 1.62 .31 .33 8.76 2.72
Hudson 3,0 k.5 .49 .57 .10 .12 8.76 .88
New Brunswick 1.7 2.6 .28 .36 .06 .08 8.76 .08
Passaic 2.9 L. .48 .56 .10 .12 8.76 .88
Trenton 1.0 1.5 .16 .24 .03 .05 8.76 .26
CF73 is the 1973 division conversion factor

CF,nL is the 197l division conversion factor

n5 is the mean number of arrivals per 5 minutes

n is the mean number of arrivals per minute |

ne is the mean number of arrivals per 5 min after est imp,
n!' is the mean number of arrivals per min after est imp.

s is the mean service rate

(W is the overall facility utilization

Figure .6 - Table of Queusing Values
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October, and November of 1973.l3 One of the results of
this study was the establishment of a conversion factor

for each division which indicates the relative amount of
terminal work done by the division. This conversion
factor is normalized with respect to Trenton, the smallest
division, and is shown in the Table in Figure 4.6. The
study showed that arrivals at the existing terminals were
distributed according to the Poisson distribution. For
Trenton, the mean arrival rate was found to be .109 persons
per five minute interval. For each division, .109 was multi-
plied by CFy74 to give the mean arrival rate in 1974. The
term N5 is then divided by five to give the mean arrival
rate per minute. The quantities n5 and n are tabulated

by division in the table in Figure 4.6.

The additional time to run a cost estimate is ap-
proximately 10 minutes per run. Since most of the yearly
estimate work takes place in the months of March and
April, 80 percent of the load is shown for that period.
The idea is to examine terminal load for that time seg-
ment. If it is excessively high, additional terminals

will be required.

The average number of estimates run per year per
division is about 200. Therefore, 200 x .80 = 160 esti-
mates per two month period per division. Hence:

13. Westphal T. A., "Remote Terminal Study", PSE&G Co.,
Distribution Dept. Report., 12/12/73.
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TABLE OF QUEUEING VALULS

L—

Division Q M o GM Ig/s tq B
Bergen 1.49 2 @%u 1.6 2.2 19.3 .6l
Camden 2,02 3 .67 .8 1.1 8.3 .35
Elizabeth 1.58 2 .79 2.1 2.6 22.8 .70
Essex 2:.72 3 .91 3.5 3,8A 30,1 .81
Hudson 1.88 2 .99 2.9 2.7 28.7 .76

New Brunswick .53 "1 .53 1.1 2.1 18.4 .53
Passaic .88 "2 Lulp o 3.4 3.1 19.2 .65
Trenton 26 1 .26 o 1.4 12.3 .26

G, is overall facitity utilization

M is number of 300 baud terminals

€ is net facility utilization

a-is mean number of persons at terminal incl user
Ea'is mean time spent at terminal incl wait & use

B is probability that all terminals will be busy

Figure L.7 - Table of Queueing Values for Exist-
ing Terminals
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n5 = 160 = .16 arrivals per 5 min per.
2x10x50
n = .16 = .032 arrivals per min.
5

The above results are added to the appropriate columns in

the table in Figure 4.6 to arrive at ie and n'.

Existing terminal configurations are shown for each
division in the table in Figure 4.7. All terminals are
shown under the M column of the table. All terminals are

capable of 300 baud transmission rates.

In crder to carry out an analysis of the present
system, it was necessary to determine the mean system re-
sponse time & , that is the time it takes to access a
program. At the present time, the mean system response
time has averaged about 2 minutes per inquiry. This time
is divided into 1 minute for request input, and 1 minute
for response output including communication time, com-

puter time, and other system time.

The mean number of requests per session is multi-
plied by the mean system response time to obtain the

mean service time s or mean number of minutes per inguiry.

4,38 x r

HOR!
Il

Overall facility utilization P, is defined as:

PO = n x 8
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P, is a quantity which indicates the extent to which the
terminals are used. Values of ﬁ, é, and P, for each

division are tabulated in the table in Figure 4.7.

To obtain net facility utilization, overall facility

utilization is divided by the number of terminals.
P = PO/M

P is used as the horizontal coordinate for the graphs

shown in Figures 4.8, 4.9 and 4.10. Graph 1 is used to
calculate the mean number of persons in the queue divided
by the number of terminals (g/M). For example, for

Bergen Division, (g/M) is equal to 1.6. If (g/M) is
multiplied by M. mean gueue (gq) is found to be 3.2. This
means that on the average, each terminal will be in use with

1.2 persons waiting in line to use a terminal.

The second graph shown in Figure 4.9 is used to cal-
culate the mean time spent divided by the mean service
time (TGVS). For Bergen Division, (EG¥E) is equal to
2.2. Tf (EGYD) is multiplied by 5 (8.76 minutes), tq
is obtained. For Bergen EE is egual to 19.3 minutes.
This value is the mean total system response time for the
system in Bergen Division. In other words, it will take
a person (on the average) 19.3 minutes from the time he

gets on the line until the time he leaves the terminal.
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System
Name

GE Mark I

GE Mark III

Al/Comp

GC-10
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TABLE OF COMPUTE V3. 1/0 -

COMPUTE BOUND

Connect CPU

Min, Sec,
1.17 39.33
.15 3,61
- 30 10.7
1.10 16,1

Cost

l.72
1.22
1.37
1.72

1/0 BOUND
Connect CPU Cost
Min, Sec. $

3 h.17 .54

3 .19 .61
3 .18 .61
3 .91 . 6l

Figure L,11 - Table of Vendor Statistilcs,
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The last graph shown in Figure 4.10 is used to cal-
culate B, the probability that all terminals will be
busy. For example, at Bergen Division, a person arriving
at the terminals will find both of them occupied 64

percent of the time.

The present terminal placement scheme had as its
sole criterion that waiting time be less than 20 minutes
for each division. This criterion is satisfied in all
divisions at present even with the additional load of the
estimating system. No additional terminals are neces-

sary.

Summary

It was the purpose of this chapter to layout the
basic framework of the proposed cost estimating system.
The use of simplified input was discussed. The selection
of a time sharing computer system was made using economic
criteria. A computer language, BASIC, was selected and
based on the design needs of the system. Finally, the
file design, and the general system layout, was flow-

charted and discussed.

In total, this chapter has laid the framework to
delve into the detailed program design to be examined

in the next chapter.



CHAPTER V

DETAILED DESCRIPTION OF THE

OPERATION OF THE OVERHEAD MODULE

Introduction

The purpose of this chapter is to explain to the
reader, in detail, the operation of the overhead module
of the construction cost estimating system. The overhead
module is representative of the other calculation modules
of the system, and an understanding of it will give the

reader an understanding of the entire system.

Before the discussion of the program module, the
reader should refer to a brief introduction to some BASIC
language elements given in Appendix I to aid him in the
work to follow. The explanation of the overhead module
will commence with the reading of a test run of user in-
formation from the file D365. The reader will be shown
the structure and contents of all pertinent data files
used by the module. The methods used to calculate the
estimated costs will be explained in detail. The work
files created by the module using the test data will be
illustrated using actual dumps of file contents during
the execution of the test run. Finally the reports de-

rived from the test run will be shown.
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Functions of the Overhead Program Module

The functions of the overhead program module (E365WS$)
are enumerated below. The enumeration serves as a topic

summary for the remainder of the chapter.

(1) Read information from the user data file D365.
(2} Read in the data stored in the overhead data

files:

(a) COMINFO Contains general estimate costs

and percentages.

(b) OHCABLE Contains overhead cable costs and

labor hours.

(c) BRPTOP

I

Contains pole top construction

costs and labor hours

(d) GYANSW - Contains material and labor costs
for guys, anchors, and switch
installations.

(e) NAMES3 - Contains the string descriptors

for overhead cables.
(3) Produce a cost estimate and material requirement
for guys, anchors, and switches.
(4) Produce a cost estimate and material requirement
for overhead primary and secondary cable.
(5) The interaction of the program with simplified

user input and the random binary file BRPTOP
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to produce pole top hardware material costs
and material requirements.

(6) The appending of the work files for material
and costs.

(7) The selection of a chaining point for the
rest of the system.

(8) The production of the cost estimate printout,

the estimate summary, and the material list.

The report will follow a set of test data through the
system from its entry in the data file INPUT to the produc-
tion of the final reports. Actual listings of all pertinent
data files will be used to illustrate the functions of

the system in progress.

Creation of the File INPUT

The user of the cost estimating system must complete
his map and field surveys as in the manual system. At this
point, he must £ill out a set of data sheets as shown in
Figures 4.1 to 4.5. The computer system is accessed and the
data is entered from the terminal or through a pre-punched
paper tape. The input for the test case is shown on Figure

5.1.

The user runs a check of the data by executing the



N

fa

~

OLD INPUT -

READY - e o -
LIS

INPUT 14: h3EDT 02721774

100 WIEST DATA®

110 "SPECIAL RUNW
120 2

130 100

140 R

150 0,0,0,0

160 YES C-
170 W1/9/74% ngon

109.

180 M1 /Q/T74% (W40 YT SMCALDENY (HECY ,WDA22-16.10950

90 1,74,4,74,6,74

200 0,0

210 0,0

220 YES - - e -
230 YES

300 3

301 352,10,4.

302 492,5,4

303 402,5,5

330 10 e
340 | .

350 10,10,5,5,0,0,0,.5
360 2

361 130384,3,1

362 135755, 1,1 _—
400 2 I

401 31254,20,100,0
402 31256,10,150,0
500 5
501 31760,10000,3,3.1
502 31854,2000,3,5.1,
503 31760,1505,3,4.1,
504 31835,153520,1,3.1
505 31256,7500, 1,7 ,5¢
0

C

670
700

Ch

(o

(@)
COOQCCCOO

READY

RUI

-~ 4
v e -

Figure 5.1~ A listing of user
Tor the test case,

input
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the program ESTCK$. If the data is correct, the program
ESTRES will be executed next. This program will write
the user input to several work files. The data for the
program module E365WS$ is written to the file D365. The
contents of D365 after the execution of ESTRE$S is shown

in Figure 5.2.

The coded program module is illustrated in Figures
5.3 through 5.8. Flow charts can be seen in Figures 5.21
through 5.25. ©Line 1000 on Figure 5.3 sets up the file
D365 as file number one. On line 1100 the first access
to the file is made. The value of X2 is read. X2 is the
amount qf user guy and anchor data stored in subsequent
entries in the file. Line 1120 tests the value of X2,
if it is zero, the program branches to line 1190. If it
has a value, the program reads in the data up to the

limit of reads as denoted by the value of X2.

Line 1190 will be read to find a value for X1, the
number of lines of user switch data to follow in the data
file D365. If the value of X1 is zero value, the program
reads in the values of 2 (1), z2(2), Z$(l), and Z(3). These
are respectively, the number of months for which excala-
tion is to take place, the estimate type, the estimate

format code, and the cost rounding factor. After reading
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i . 111.
D365 142 10EDT Q2/01/74
1o 1, A
1o 4, 2, R, 100 ,
120 10,10 ,5,5,0,0,0, 0.5, 2,
13 4, 2 ,R, 100 ,
140 130384 , 3 , 1 , 135755 , | , 1 , 5 ,
150 4 , 2, R, 100 ,
160 31760 , 10000 , 3, 3.1 , 8 ,8,2 4,10, 2 ,10, 2,10 , 1
170 1, 0.02 , 31854 ,.2000 , 3 , 5.1 , 16 1 40,2 1,3, 1
18u 1, t.1 , 1 , 0.03, 31750 s 1505 , 3, 4.1 , 11 , 0, 0,0,
190 2 , 1 , 1 4, 1.27, V , 0.04 , 31835 , 15520 , 1 , 3al , 115, 5
200 0 , 15 4y 20 4, 10 4 1 , 1 ., , 1 , 0.0l , 31256, 7500 , 1 , 7
210 0,0 ,0/,0,0,0,1,1,1,1,0,
READY
OLD DHMISC
READY )
LIs 3 B} N
DMISC 14:L2EDT " 02/21/74
100 0 0, o, 0 ,
110 DA22-16.1095, o )
120 YES, o YES, i
130 4 , 2 ,R, 100 ,
140 2

9
150 4 , 2 ,R, 100 ,
160 130384 , 3., 1 , 135755 4 1 , 1 4 2,
170 4, 2 ,R, 100 , , .
180 31254 , 20 , 100 , 0 , 31256 , 10, 150 , O , O ,
190 1,E364.2,0,GUYS-ANCHORS-XARMS & BRKTS, 3700 , 5400 ,
2004 1,£365, 10000 .,4/134V 397.58 3/C AL PIONA, 6900 , 6000
210 1,E365, 2000 ,13KV 397K AL.3/C C.L.P.SP, 2200 , 2500 ,
220 1,E365, 1505 ,4/13KV 397.5K 3/C AL PIOW, 1200 , 900 ,
23041,E365, 15520 ,4/13KV 1/0AAAC 1/C ALPI*OiA, 5500 , 1600 ,
240 1,E365, 7500 ,SER. 2/0-3/C AL..., 3500 , 1600 ,
250 1,£365,0,POLE TOP HARDWARE, 2800 , 2300 ,
260 1,E365,0,TREE TRIMIING,0, 1400 ,

READY _ _

i Flg,ure 5 5. User data resorted into D365
et e e N & Estimate output in file DMISC
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E365ns 027217174

999 OPTION QSUB
1000 FILES D36530HCABLE BRPTOP; COMINEG; DMISCsGYANSH s NAMES3 s MATFILE
1001 READ :8,16 -

1002 IF Ewnw t8,THEN 1006

10U3 RESTURE :3 '

loud APPEND :8

1ous G0 Tu 1010

10U6 SCRAICH :8

1010 READ #4,D01),C(1) ,F(2),F(3),F(4),F(5),F(6) ,F(7),F(8)
1011 FOR 1= 1 TO 21

1012 READ #4,D(0)

1013 WEXT I .

1015 APPEND #5

1020 DIl U(20,20),ii(50,8),Ns(20),M5(50),P(100) -

1030 DIM H(30),L{30),M(30),TS$(30),Y(50,3),5(10,3),Q(30)
1040 DIN A(30) '

1110 READ #1,X2

1120 IF X2=0 THEN 1190

1130 READ #1, Z(1),Z2(2),2$(1),2(3)

1140 FOR I=1 TO X2

1150 FOR J=1 TO 8

1160 READ #1,B(J)Y “READS IN USER GUY & ANCH. DATA”

1170 NEXT J

1180 NEXT I :

1190 READ #1,X1  “NUMBER OF LINES OF SAITCH DATAZ

1200 IF X1=0 THEN 1270 »

1210 READ #1, Z(1),2(2),25(1),Z2(3)

1220 FOR I=1 TO Xi

1230 FOR J=1 TO 3

1240 READ #1,5(1,J) “READS IN USER SwITCH DATA”

1250 NEXT J - .

1255 wRITE :8,5(¢I,1)Y355(1,2)3

1260 HEXT I

1270 READ #1,X

1275 1F X+X1+X2<l THEN 3850

1280 IF X=0 THEN 1575

1290 READ #1, ZC1),2(2),258(1),Z(3)

1300 FOR I=1 TO X

1310 FOR J=1 TO 17

1320 READ #1,U(I,J) “READS IN USER CABLE DATA“

1330 HEXT J

1340 LET QUI)=((UCL,3)*100)+(UCI,4)))

1350 NEXT I

1360 IF X2+X1+X>0 THEN 1380

1370 STOP

1380 IF Zs(1)<>uBY THEN 1385

1382 LET 0(1)=D(O)

1384 DEF FadaA(Y)=INT(((Y)/Z2(3))+.5)%Z(3) “ROUNDS TO $10 oR $1007
1385 FOR I=1 TO X=I e
1390 FOR I5=I+1 TOQ X

Figure 5,3~ Line 999-1390 of E365W$
module, )
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365115 02/21/74

1400 REM THIS. ROUTIHE CHECKS FOR LIKE CABLE INSTALLATIONS & ADDS THEM
1410 Ir UCL,13)>1 THeEH 1570

1420 IF UCIS,13)>1 THEH 1560

1430 IF UCI5,1)=0 THEN 1560

1440 IF UCI,1)<>UCI5,1) THEN 1560

1450 IF Q(1)<>Q([5) THEN 1560

1460 LET K3=U(I,2)/(UCL5,2)+UCI,2))

1470 LET 0(15,1)=0

1480 LET U(I,2)=U(1,2)+U(15,2)

1490 FOR J=5 TQ 12

1500 LET UCI,d)=UC1,J)+U(I5,d

1510 WEXT J

1520 FOR J=14 TO 16

1530 LET U(I,0)=K5%U (I, )+ (1=K5)*U(15,J)
1540 HEXT J

1550 LET UCI,17)=K5%U(I4l7)+(1=K5)%U(I5,17)
1560 NEXT I5

1570 NEXT I

1575 REt THIS LINE HOLDS POSITION FOR INTERNAL LINE ReFERENCE

1580 DEF FuB(X,Y)=Z(1)*(,007%X+.007+Y) #LABOR ESCALATION’

1590 DEF FHC(X,Y)=Z(1) (. 003%X+.007%Y) ZHATERIAL ESCALATION”

1600 FOR I=1 TO 50

1610 IF EnD #2 THEN 1680 ‘

1620 READ #7,4s(1) /READS IN OH CABLE.NAME~

1630 LET w=N+I

1640 FOR J=1 TO 8 '

1650 READ #2,1(1,J) “READS IN OHCABLE TABLE”

1660 NEXT J

1670 WEXT I

1680 FOR I=1 TO 50

1690 IF END #6 THEN 1750 o o

1700 LET Ni=Nl+ A s

1710 FOR J=1 TO 3

1720 READ #6,Y(1,J) “READS IN GUY ANCHOR AND SHITCH DATAZ

1730 WEXT J

1740 NEXT I

1745 IF X2=0 THEN 1840

1750 LET H(25)=(3(3)%Y(6,3)+B(4)*Y(7,3)+B (5)%Y(8,3)+(B(&) +B(T))*Y(9,3))
1760 LET H(25)=(H{25) % (2% (1-3(8))))+{11(25)*B(8))

1770 LET H(25)=H(25)+B (1) *Y (2,3)+B(2) %Y (2,3)

1780 LaT L(25)=H(25)%D(1) “LAB HRS GUYS ALCHORS E364. 2

1790 LET H=H(25)

1800 LET M(25)=B(1)*120%Y(2,2) +B(2)*45%Y(2,2) +B(2)*Y(3,2)*.6

1810 LET M(25) =1 (25) +B3(2) %Y (3, 2) %. 4+ (5 1) +5(2) Y %Y (5, 2) +B(3) *Y(6,2)
1820 LET A(25)=m(25) +B(4) %Y (7,2) +3(5) %Y (8,2) +(B(S) +B{7))*Y(9,2) :
1830 REX 1(25) =WAT-L CUST GUYS AHCHORS E364.2

21834 nRITE 8,Y(1,1)3801)%120%.85;

1835 WRITE 8,Y(2,1)38(1)%120%.155Y(2,1)3B3(2)%4535Y(3,1)3B(2)%,63
1836 WRITE :8,Y(3,1)3b(2)%.45Y (5, 1) 3301 +B(2)5Y(6,1)33(3)5Y(T,1)3B8(4)3
1837 VIRITE :8,Y(8,1)3B(5)3570101;3B(7)5Y(9,1)iB(&)s

Figure 5.l- Lines 1,00- 1837 of L
L365mr‘p module
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E365ixis 0221774

1838
1340
1820
1860
1370
1850
1831
1890
1395
1396
1398
1900
1901
1902
1904
1906
1ouB
1910
1920
1930
1635
1936
w4y
1950
1980
1970
19850
1 990
2000
2010
2020
2030
2040
2050
206U
2070
2080
2089
2090
2100
2110
2120
2122
2123
2130
2140
215U
2160
2170
2180

WRITE :8,7663338(3)37663455(4)37066363B(5)+B(6) 5

FOR I=1 TO X

FOR J=1 TQ N+l -

IE U(I,1)=0 THEH 2680

FF UCL, 1) <>i(J, 1) THEN 26707MATCHES USER STK CD & TABLE STK CD”
RESTURE:3

LET ie=H4=0 /IWTIALIZES LABUR HRS FOR CABLE INST TO ZERO”

LET ws(I)=i1s(J) “MAMES THE CABLEZ _ _

REM THE ROUTIHE BELOw TESTS FOR CABLES PURCHASED Oif | PHASE REELS
REH AdD ADJUSTS THESE FOR AMOUAT OF PHASES Tu BE INSTALLED...
LET ul=U(I,2)

IF U, 1>_31335 THEN 1910

[F U(I,1)=31825 THEN 1910

[F U(L. )= 30356 THEEN 1910

IF U(L,1)=30363 THl 1910

IF U(I,1)=30367 THEN 1910,

GO TO 1930

IF U(I,4)=7 THEN 1930

LET U(I,2)=U(1,2)*U([,3) “FCJITAGE ADJ FOR THOS:E CABLES OH | PH REELS”

LT {1l =INT(UCL,4)) sTAKES THE IWTEGER OF COJSTRJCTION TYPEZ

IF UL, 13)>1 THEN k940

WRITE $8,vi(J,1)3U(L,2)5 “SEMDS CABLE INFO TO MATERIAL LISTZ

04 (fi1=-2) GO TO 1950,1970,1990,2010,2010,2010,20107NAMES CONST TH’
LET Ts{(I)="0nA"

GU TO 2020 _
LET Ts(I)="0u"

GO TQ 2020 -
LET Ts(I)=nspu

GO TU 2020 e
LET Ts(lh=¥v,

LET F(1)=UCT,14)%U(I,15)%U(I,16) ~“TOT INS RACT.=GAIN F%*REP F*INS F” .
IF F(1)Y<>0 THEN 2050

LET F()=1

IF HI=7 TH=H 2120

LET P(O)=((UC1,3)+1)/4) “PHASE FACTOR USED TO ADJ INS HRS”

RiEi4 H4 IS THE LAB HRS oE:DED PR CABLE TO 8UILD D.E.’S, VERT TRNS ET
LET HA=(U (L, T)*E(S)+U(I,9)=F(T)+U(L,10)*F(5)+UCL, 1) *F(8))*«P(0Y*F(})
REm TeSTS FOR RELGSTALLATION CUDE

IF U(L,13)>1t THEN 2123

LET {2=((D1*n(JHII*F(D*1E=-3)%P(0)) ZPULLING HRS PER CABLE“

cad Ty 2130

LET H2=(U(,2) %1 E~3%, (J,HIY*F (1)) “SECOHDARY PULLING HRS PER CAB~
G0 Tu 2130

LET H2=0 7SETS PULLING HOURS iD ZEROQD FOR REINSTALLATION~

LET L{I)=(H2+H4)xD(1)

LET LCD)=FNACLOL))

LET h=H+H2+H4 <ACCUMULATES LABOR HRS FOR ALL CA3LE INSTALLATIONS~
IFUCI 1 3)>1 THEN 2220

LET (D=0l ,2Y%*n(J,2) “MATERIAL COST PER CABLE E365~7

LET s(l)=FNACIA(I))

Figure 5.5~ Lines 1838-2180 of
1365W$ module,
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E3651% 02/21/74

2190 IF Hl<>5 THEW 22207TeSTS FOR SPACER CABLE” ] )
2200 LET (1) =a(1)+(D15.15+U(1,5)%40%,15+U(1,5)#3) “CIST 11S5.GRDS,RDS”
5505 RITe :8,35115501F  2nolTES MESSENGER TO HATFILEC

5508 nRITe :8.3112430C1,5)%40376652;U(L1,5) “GRD #IRE GRD RODS’

2210 LET w(IY=FdAA(IN )

2220 LET T(1)=T(1)+L(I) +TJT LAB $ ALL CABLES E3657

2230 LET AC)=ACD)+L(I)  “ADDS LAB s FUR SCRPAD” .

2240 LET 1(2)=T(2)+k(I) ¢TUT MAT $ ALL CABLES E3657

2250 LET A(2)=A(2)L(D)  7ALDS mAT S FOR SCRPAD” _
2260 LeT H3=((U(I,3)=100)+UCI, JCALC OF PiHASE CONST. CODE FROM USER’
22770 LET g(9>=a<9>+<ucz,2>*u<1,17>*3) STREC TRIMMINGS )
2280 REM ALL V() VALUES BELOW REFER TO AMOUWT OF DIFF POLE TOPS IN USER
2290 REi DATA. THESE VALUES ARE REFEREJCED IW THE POLE TOP CONS ROUTIHE
2300 LET VID=U(1,5)=(U(1,6)+U(1,7)+U(L,8)+U(1, 10))  “NORMAL POLES”
2310 LET V(0 =(UCL,5)—1)  75PAnS FOR SPACER CABLE”

2320 LET V(2)=U(1,6) 7£XT SRXT POLES?

2330 LET V(3)=U(I,7) “VERT TURN PULES”

2340 LET V(4)=U(1,8) /TUKN bRKI PULES’

2350 LET V(5)=U(I,¥) “RISER POLES~”

2300 LET V(6)=U(I,10) “/DEAD END POLES”

2370 Lot VAT =U(I,11) sJUNCTION POLES”

2330 LET V{(8)=U(I,12) “#ARRSESTOR LOCATIONSZ

2390 LET V(9)=0 #7ERQ QUANTITY POLE TOP’

2391 IF H1=5 THEN 2400

2392 JRITE :8,311243V(8)%40576652;V(8) “GRDS FOR ARR:SSTER POLES”

2400 RESTURE

2405 IF U(I,4)=7 THEN 2680 +TESTS FOR SEC CABLE INST/

2410 LET 11=0

2420 READ:3,P(1)  “READS IN PTOP FILE UNTIL kATCH IS FOUND IN IST LIHEZ
2430 LET L1=11+1 .

2450 IF EnD:3 THEN 2660 #TEST FOR EWD OF FILE COHDITION/

2460 IF Iiwi(P(1)%10+.5)<>INT(H3*10+.5) THEN 24204

2465 SETH 3 T3 I1%81+1

2466 FOR Il=l TO 8l

2467 READ:3,P(I1)

2468 HEXT I1

2469 SETH 3 TO 1 -

2470 FOR K=3 TO 81 STEP 4

2430 IF K>3 THEH 2550

2490 IF U(I,13)=1 THEN 25507TESTS FOR REINS. CQODE’

2500 REM THE ABS QUATITY BELGW TESIS FOr REINS OR RECINS REQUIRED

2510 I Ass(UCL,4)-U(1,13))>.15 THEH 2550

2520 FOR [2=1 TO 20

2530 READ O “DUMWIES OUT FIRST LIN: OF POLE SEQ DATA TO ALLOJ FOR REIN
2540 {EXT 12

2550 READ J!

2560 DATA 0 656,5,5,8,8,4,3,3,1,1,4,2,1,0,6,3,8 “HIRM POLE SEQ”

2570 DATA 9 34949,5,5,8,8,4,9,9,9,9,4,2,1,0,6,3,8 #/REINS FOLE SEQ”/

2573 IF D(K)*V(J <l THEN 2580 ]
2574 1F P(K-1)<l THEN 2580

Figure 5.6~ Lines 2190-257l of
E365W$ module
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2575
2560
2594
2600
2610
2020
2630
204U
2050
260u
2070
206U
2700
2710
2130
2740
230U
280U

2810

28YU
2900
2910
2920
2930
2940
2950
2960
2970
29850
2990
3000
3020
3240
3250
3260
3270
3280
3290
3450
34060
3470
34712
3474
340U
3490
3520
3550
3560
3570

HRITE 18, P(K=1Y3P(XI*xV({JIl);

IF K>=63 THiEn 2640 “ABOVE COL 63 ALL CHARGED TO £3657

IF K<47 [Heot 2610 /BelLOsn CUL 47 ALL CHARGED TO 304,27

[r HI=5 THeHd 26407TESTS FUR SPACER CABLE, ABOVE COL 47 ALL E365~
LET HZ2D) =(POYSPIK+2)=VIJ 1Yy +H(21)  2LAGOR HRS £364.27

Lol ai(21)=(PRY=P(R+1)=V(JI ) +4(21)  “LATERIAL CJIST 364,27
GO Tu 2660 )
LeT H(22)=(PXy*P(K+2)=V(J1 )Y +i{(22) ZLABOR HRS 23657

LeT w22y =(PRI4P(K+1)xVJ 1)) wa(22) 2 ATERIAL CUST E3657
HiXT K

HEXT J

NEXT I

LET L21)=H(21)*D(1)+L(25) ~“LAB s POLE TOP HDW CHARGED TO E364.27

LET L2y =FHa(L(21))

LET w(21)=:(21)+(25)  Z#UATERIAL COST POLE TOP Hovl CHRD TO E364.27

LeT w21y =r A2l )
LET () =FrA(E(9))  7TREE TRIAMING

FOR I=1 TQ Xi

FOR J=9 TO NI

[F S(I,1)<>Y(J,1) THEN 2960

I[F S(I,3)>1 YHEN 2940

LeT H(23)=5(1,2)%Y(J,3)+H(23) “7LAB HRS E3657
LET ia(23)=5(1,2)%Y(J,2)+::(23) Z4JdAT COST E3657
GO Tu 2970

LeT H(24Y=S(1,2)%Y(J,2)+H(24) 7LAB HRS E369.17
LET 1(24)=501,2)*Y(J,2)+i(24) +iAT CUST E369.1~
z‘iEXT J

HEXT 1

Rii THE ROUTINE BELGO« O0ES SiITCH & REC COSTS FOR E365 &8369.1

LET L(22)=(i{(22)+H(23))%D(1) 7ADDS TOT LA8S FOR P TdP HD# FOR E365*
LET #(22)=5(22)+4(23) ~<ADDS TOT AT COST FOR P TOP HDW FOR E3657 .

LET Le22)y=FNACL{22))

LET (22)=FHAGL(22)) ¢

DEF FAR(Y)=(11 -1 (LOG(Y+11/2.30259))

DEF Fas(Y)=(52-INT(LUG(Y+1)/2.30259))

DEF ralT(Y)=(ol=INT(LAG(Y+1)/2.30259))

DEF FAaU(Y)=(70-INT(LGG(Y+1)/2.30259)) e -
IF L{21)+6(21)<1 THEN 3450

WRITE #5,"1W;8E364,29;49045CGUYS~ALCHORS~XARMS & BRKTSYL(21)5M(21)

Ir TOIY+D(2)Y <1 THEN 3650

IF X<1 THed 3650 . . . -

FUR 1=V 10 X

IF tsCD)>m0M THEN 3480

EET ws(l)=vCube NOT IN OHCABLE FILEM

Ir U, 1)=0 THEN 3550

IF Ul >0 THEd 3550

ARITE #5, 41 M5 vE365 UL 2) sHs( Y +Ts (D) LAY 3 MDD

FOR I=t TO X
IF UGl 13)<1.1 THEN 3640

Figure 5.7~ Lines 2575-3570 of
- E3651$ module.



117.

E3651$ 02/21 /74

3580 LET I13=I3+

3590 IF 13>1 THEN 3610 o

3600 WRITE #5,4[0501:3651 34058 WIRE TO BE REIHNSULATEDY;vO","0"
3610 WRITE #5,4 15 ME365% U (1,2) sHS (1) +Ts(D LCD 510D

3540
300U
360U
3690
370U
3720
3340
3350
33491
3352
360U
33870
3880
33v0U
300

XTI

IF Le22)+M022) <t TilEn 3690

WRITE #5, 010 E3650 ;100 v POLE TOP HARDWAREML(22) §H(22)
IF =(¥i<l THEW 3720

ARITE #5, M1 H5UESE5H U0 HTREE TRLMMINGY §# 0¥ E(9)

REM :

REM .

RESTURE :8

FILE ;8,11*"

IF Z2(2)=2 THEN 3880
CHALN HE36Tlxn

STAp

CHALN ®MISCPxn

Stop

EHD

1 Pigure 5.8- Lines 3580-END of
‘ ‘ E365W§ module.
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in these values, the program will read in the amount of
user input for switches as denoted by the value stored in

X1,

Line 1270 will be read by the program to find the value
for ¥, the number of lines of cable data to follow in the
data file D365. If X equals zero, line 1280 will branch
the program execution to line 1575. Note the last item
in line 140 in file D365 holds the value of five to be
stored in X. Cable data is read into the program by the
iterative routine contained in lines 1300 through 1350.

This data is read from lines 160 through 200 in file D365

as shown in Figure 5.2.

Reading the Cost Estimating Data Files

Each division has stored in its catalogue, files of
material costs and labor productivity. These files are
accessed by the cost estimating system in order to produce
an estimate adjusted for operating conditions in each
division. The files accessed by the program module E365W$
are: (1) COMINFO, (2) OHCARBRLE, (3) BRPTOP, (4) GYANSW, and
(5) NAMES3. These files are illustrated in formatted form

in Figures 5.9 through 5.17.

The file COMINFO shown in Figure 5.9 is sequential



—— e QW ~NOU bW —- O
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TABLE OF COMINFO ESTIMATING VALUES

DESCRIPTION

LABOR RATE

TELCO TRANSFERS
MAT-L LOADING %

LABOR LOADING %

POLES MATERIAL LOADING
D.E. LABOR HRS (:IRE ONLY)
VERT TURN (#IRe ONLY)
RISERS 0O.H.

JUNCTIONS

BLASTING COST PER HOLE
MAT/L LOADING U.G.

MH TO MH PULLING HRS

RISER PULLING HRS

RACKING HRS/CABLE
STANCHION INST.LAB. HRS.

I PH. PIECEOUT HRS.

3 PH. 4KV PIECEOQUT '
3 PH. 13KV &26 KV PI=CEOUT HRS

"RETAG HRS P/LOCATIUON

LABOR HRS P/CUTOVER/LOCATION
SECONDARY CABLE PULLING HRS
LABOR HRS P/TRENCH FT
MANHOLE BREAK-IN

57 RISER PIPE

HANDHULE INSTALL. HRS

MATZL COST PER H.HOLE

4-12 STANCHIUN COST

6-12 STANCHIGON COST

6-9 STANCHION CGOST

BILLING LABOR RATE/HR.

119.

QUANTITY/AMOUNT

1.5
0

<5
o2
o |

5

 Figure 5.9~ Table of Common Estimating
Values and Percentages,
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-~

TABLE OF O.H. CABLE MATERIAL COST AND INSTALLATION HOURS

STOCK UNIT LABOR HOURS PER THOUSAND FEET

CABLE NAME : CODE  CUST OWA OW  SP LASH SEC AER
27KV 500 3/C CHMPF AER CABLE 20509 7.00 0 0 0 0O 0 100
27KV 5001 ALUM 3-1/C POLY AER 29552 4.50 0 0 0 0O 0 100
27KV 5004 3-1,/C POLY AERIAL 29752 8,30 0 0 0 0O O 100.
27KV 750i AL 3~-1/C POLY AER 29572 5,10 O 0 0 0 0 100
27KV 7501 3-1/C POLY AERIAL 29772 10.00 0 0 0 0O 0 100
15KV 50018 3—-1/C POLY AERIAL 29452 7.55 0 0 0 O 0 100
15KV 750i 3-~1/C POLY AERIAL 29472 9.50 0 0 0 0O 0 100
SEC 2/0 CU 600V 1/C 26113 .34 0 0 O 0 O 0
SEC 500K 1/C 600V 26151 1.76 0 0 0 0o 0 0
1/0 AAAC 1/C AL BARE=% 30356 .05 45 45 0 0 15 0
397.5K 1/€ AL BAREx » 30363 .13 55 545 0O 0 0 0
800K 1/C AL.BARE* 130367 .25 60 60 0 0O 0 0
397.5K 3/C AL BARE 30370 .46 50 50 0 0O 0 0
800K 3/C AL BARE 30371 .70 55 55 0 0 0 0
#4 CU PI GROUND WIRE 31124 12 2 0 0 0 0 0
SER.#4-3/C AL. o 31251 .08 0 0 0 0 20 0
SER.#2-3/C AL. . 31254 o1 0 0 0 O 20 0
SER,#2-4/C AL, : 31255 .15 0 0 0 0 20 0
SER. 2/0-3/C AL. 31256 .21 0 0 0 0 40 C
SER 2/0-4/C AL. 31257 .27 0 0 0 0 60 0
SEC 1/0 AAAC & #4 AL, 31268 .09 0 0 0 0 25 0
4XV 2/0 AL.3/C LASHED 31571 .95 0 0 0 95 0 0
4KV 397K AL.3/C LASHED 31572 1.79 0 0 0O 100 O 0
4KV 2/0 AL.3/C SAC . 31586 = .37 0 0 60 0 0 O
SEC 2/0-2C LAC A#AC 31750 .24 0 0 0 0 40 0
SEC 2/0-3C LAC AWAC 31752 .34 0 0 0 0 60 0
SEC 397.5 3/C LAC AFAC 31753 .74 0 0 0 0 80 0
4/13KV 397.5K 3/C AL PI 31760 .60 50 50 70 0O O 0
4/13KY 1/OAAAC 1/C ALPI= 31835 .10 45 45 .65 0 0 0
13KV 397K AL.3/C C.L.P. 31854 1.04 0 0 70 0 0 0
#2-2/5 ANAC MESS. 35115 13 25 0. 0 0 20 0
9/164% GALV MESS. 35007 W21 0 0 0 0 20 0
9/16" Cii =SS, 35108 o 47 0 0 0 0 20 O
By . PFigure 5,10~ Table of Overhead Cable

Material and Labor Costs
Including NAMES?3 and’
OHCABLE files



ITEs OF MATERIAL

378 INCH GUY WIRE

7716 IHCH GUY WIRE

GUY GUARD-GREY

GUY GUARD-YELLQGH

. 18 INCH FIBER-GLASS ROD
8 IN.TiIN HELIX AHCHOR

10 IN ThiIW HELIX ANCHOR
EX.HEAVY DUTY ANCHOR

- SWAMP ANCHOR

37KV LIGHTNING ARRESTtR

3KV LIGHTwING ARRESTER
1OKV LIGHTHING ARRESTER
60KV INT ARRESTER

4KV 50 AMP BAYOWNET C.0.
4KV 100 AMP BAYOHET C.O0O.
4KV4 100 AP BAY/BL C.0O.
4KVY 200 AKP IHD. C.0.
13KV 100 AP F/78L C.O.
13KV 200 AuP C.0. _
13KV 600 A4P SWITCHES

13KV 400 AP OIL SWITCH(ES)

I 5KV SECT 3PH 200A.
13KV FEEDER RECLOSER(S)
P3KV TIE RECLOSER(S)
13KV OPEN C.O.

Figure 5.11- Table

STUCK
CODE

- 35004
35005
76442
76443
94301
70108
70109
70125
e 70116
130147
130153
130160
130150
130361
130364
130366
130367
130382
130384
136175
136152
135755
338

339
130380

UNIT

casT

.07
10
2.00
2.00
8.00

14.00

15.00
17.00
35.00
51.52
7.75
13.60
338.58
13.39
27.59
27.13
44,00
25.51
21.34
38.00
164.00
546.75
. 00
.00
32.31

Of GYANSW file

lapor and material

costs and hours.

121.

LABOR
HOURS

2,00
2,00
- .00
.00
.00

2.00

2,00
5.00
5.00
3.00
.00
.00
10.00
3.00
3,00
3.00
3,00
3.00
3.00
5.00
5.00
30.00

.30.00

30.00
5.00



PHASE .

CubE

104.0

204.0
304.0
04,1
204.1
304.1
304.2
604.2
104.3
204.3
304.3
1u3.0
203.0
303.0
103.1
203.1
303.1
303.2
603.2
103.3
203.3
303.3
303.4
305.0
305.1
306.0
308.1
308.2
308.3
107.0

PHASE
CODE

104.0

204.0
304.0
104.1

204.1

304.1
304.2
604.2
104.3
204.3
304.3
103.0
203.0
303.0
103.1
203.1
303.1
303.2
603.2
103.3
203.3
303.3
303.4
305.0
305. 1
306.0
308.1
308.2
308.3
107.0

NORM POLE TGP

STacK
caope
2

70203

70203
10222
70203
70203
70222
70214

. 10214

70205

g~
<O
SR
BENaN

COoOCOQOOOCQLOOOCOO

70203
70203
0

D.E.POLE TOP

STOCK
Copi:
10

0

70203
10222

Q
70203
70222
70214

. 10214

O
10222
70214

O
70203
70222

0
70203
Tu222
70214
70214

0
70222
70214

. 70214

10222
10222

COoCCOo

UniT
QUANT
3

I
1
1
i
]
|
|
2
I
|
|

e ®» ¢ ¢ & * =2 & & & B ®

QOOOOCOOQLOCO

.0

.0

e e o 8 o % a v o @
[e¥oYoXeNeoYoloRoRoNoNoloJuloRoReloNo oo oo NoNoNe]

NS LN G o [\

SRS R VR RV

& € € 0 % & * & & € x = 8 ®

¢« & & ¢
[eNoNole]

UNHIT
cusvy

2.45
2.45
6.93
2.45
2.45
6.93
6.34
6.34
3.43
6.34
6.34
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

2.45

A 2.45

« 00

UNIT
COST
12

.00
2.45
6.93

.00
2.45
6.93
6.34
6.34

.00
6.93
6.34

.00
2.45
6.93

.00
2.45
6.93
6.34
6.34

.00
6.93
6.34
6.34
6.93
6.93

» 00

.00

.00

.00

.00

UNIT
LAB/HR

(O RO ROIRO RN RGN I E2 R )]

« B 8 5 & & € ¢ & &

L2 * * L3
ooowm

UrilT
LAB/HR
13

.5

e & 8 & 2 & ® 4 2 ° s e e e 3 & v =

COoOUIUUITICIOUMUUTOUIUO U oW

3

s s 0
OC O

NORK POLE TOP
STUCK  UNIT UNIT UNIT
CODE  QUANT <COST LAB/HR

6 7 8 9
70720 1.0 2.17 5
70720 1.0 2,17 .5
70722 1.0 2.59 .5
70720 1.0 2.17 .5
70720 1.0 2.17 5
70722 1.0 2.59 .5
70722 1.0 2.59 .5
70722 3.0 2.59 .5
70722 1.0 2.59 .5
70722 1.0 2.59 .5
70722 1.0 2.59 .5

0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .00 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0
0 .0 .00 .0

D.E.POLE TOP
STOCK  UdIT UNIT UnlIT
CODE QUANT COST LAB/HR

14 15 16 17

0 .0 .00 .0
70720 1.0 2.17 .5
70722 2.0 2.59 .5
0 .0 .00 .0
70720 2.0 2.17 .5
70722 2.0 2.59 .5
70722 2.0 2.59 .5
70722 6.0 2.59 .5
0 .0 .00 .0
70722 2.0 2.59. .5
70722 2.0 2.59 .5
0 .0 .00 .0
70720 2.0 2.17 .5
70722 2.0 2.59 .5
0 0 .00 .0
70720 2.0 2,17 .5
70722 2.0 2.59 .5
70722 2.0  2.59 .5
70722 2.0 2.59 .5
0 .0 .00 .0
70722 2.0 2.59 .5
70722 2.0 2.59 .5
70722 2.0 2.59 .5
70722 2.0 2.59 .5
70722 2.0 2.59 5
0 .0 .00 .0

0 .0 .00 .0

0 L0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

Figure 5,12~ BRPTOP file part 1

122,



RISER PULE TOP RISER POLE ToP 123.

PHASE  STOCK UsIT  UNIT UNIT STOCK UNIT  UNIT  UNIT
CODE  CODE QUANT  COST LAS/HR CODE QUANT COST LAB/HR
18 19 20 21 22 23 24 25
104.0 0 .0 .00 .0 0 .0 .00 .0
204.0 70203 2.0 2.45 .5 70720 1.0 2.17 .5
304.0 70222 2.0  6.93 .5 70722 2.0 2.59 .5
104.1 0 .0 .00 .0 0 .0 .00 .0
204.1 70203 2.0  2.45 .5 70720 2.0 2.17 .5
304.1 70222 2.0 6.93 .5 70722 2.0 2.59 .5
304.2 70214 2.0 6.34 .5 70722 2.0 2.59 .5
604.2 70214 6.0  6.34 .5 70722 6.0 2.59 .5
104.3 70222 2.0 6.93 .5 70722 2.0 2.59 .5
204.3 70222 2.0  6.93 .5 70722 2.0 2.59 .5
304.3 . 70214 2.0 6.34 .5 70722 2.0 2.59 .5
103.0 0 .0 .00 .0 0 .0 .00 .0
203.0 70203 2.0  2.45 .5 70720 © 2.0 2.17 .5
303.0 70222 . 2.0  6.93 .5 70722 2.0 2.59 .5
103.1 0 .0 .00 .0 0 .0 .00 .0
203.1 70203 2.0 2.45 .5 70720 2.0 2.17 .5
303.1 70222 2.0  6.93 .5 70722 2.0 2.59 .5
303.2 70214 2.0 6.34 .5 70722 2.0 2.59 .5
603.2 . 70214 6.0 6.34 .5 70722 6.0 2.59 .5
103.3 70222 2.0 6.93 .5 70722 2.0 2.59 .5
203.3 70222 2.0  6.93 .5 70722 2.0 2.59 .5
303.3 70214 2.0  6.34 .5 70722 2.0 2.59 .5
303.4 0 .0 .00 .0 0 .0 .00 .0
305.0 70222 2.0  6.93 .5 70722 2.0 2.59 .5
305.1 10222 2.0 6.93 .5 70722 2.0 2.59 .5
306.0 70222 2.0  6.93 .5 70722 2.0 2.59 .5
308.1 70222 2.0 6.93 .5 70722 2.0 2.59 .5
308.2 70214 2.0  6.34 .5 10722 2.0 2.59 .5
308.3 . 70214 2.0 6.34 .5 70722 2.0 2.59 .5
107.0 0 .0 .00 .0 0 .0 .00 .0
L.A. POLE TOP L.A. POLE TOP A
PHASE  STOCK UNIT  UHIT uydIT STOCK UNWIT ~ UNIT  UNIT
CODE  CODZ QUANT  COST LAS/HR CODE QUANT COST LAB/HR
26 27 28 29 30 31 32 33
104.0 0 .0 .00 .0 0 .0 .00 N
204.0 0 .0 .00 .0 0 .0 .00 .0
304.0 0 .0 .00 . 0 0 .0 .00 .0
104.1 0 .0 .00 .0 0 .0 .00 .0
204.1 0 .0 .00 .0 0 .0 .00 .0
304, 1 0 .0 .00 .0 0 .0 .00 .0
304.,2 0 .0 .00 .0 0 .0 .00 .0
604,2 0 .0 .00 .0 0 .0 .00 .0
104.3 0 0 .CO .0 0 .0 .00 .0
204.3 0 .0 .00 .0 0 .0 .00 .0
304.3 0 .0 .00 .0 0 .0 .00 .0
103.0 o .0 .00 .0 0 .0 .00 .0
203.0 0 .0 .00 .0 0 .0 .00 .0
303.0 0 .0 .00 .0 0 .0 .00 0"
103, 1 0 .0 .00 .0 0 .0 .00 .0
203.1 0 " .0 .00 .0 0 .0 .00 .0
303.1 0 .0 .00 .0 0 .0 .00 .0
303.2 0 .0 .00 .0 0 .0 .00 .0
603.2 0 .0 .00 .0 0 .0 .00 .0
103.3 0 .0 .00 .0 0 .0 .00 .0
203.3 0 .0 .00 .0 0 .0 .00 .0
303.3 0 .0 .00 .0 0 .0 .00 .0
303.4 0 .0 .00 .0 70850 3.0  40.00 3.0
305.0 70203 1.0 2.45 %5 /0720 1.0 2.17 .5
305.1 70203 1.0 .45 .5 70720 1.0 2.17 .5
306.0 70222 1.0 6.93 .5 70722 1.0 2.59 .5
308.1 70222 1.0 6.93 .5 70722 1.0 2.59 .5
308.2 70222 1.0 6.93 .5 70722 1.0 2.59 .5
308.3 70222 1,0 6.93 .5 70722 1.0 2.59 .5
107.0 0 .0 .00 .0 ) .0 © .00 .0
Figure 5,13~ BRPTOP file parj 2



TURHBRKT FOLE TOP | VERT TURN POLE TOP

ASE  STOCK  UNIT UNIT URIT STOCK  UWIT ~ UNIT - UNIT
nggu CODE QUANT ~ COST LAB/HR CUDE QUANT COST LAd/?R 124,
34 35 36 37 38 39 40 4
104.0 0 .0 .00 Ne 0 .0 .00 -0
. 1 0 .0 .00 .0
.204.0 0 .0 .00 .0 00 o
304.0 - O .0 .00 .0 0 .0 <%0 -9
10441 0 .0 .00 .0 0 .0 . .
0 .0 .00 .0
204.1 0 .0 .00 N
: 0 .0 .00 .0
304.1 0 .0 .00 .0 0 % 9
304.2 0 .0 .00 . .0 0 e " 50 0
604.2 0 .0 .00 .0 0 .0 . .

; 0 .0 .00 .0
104.3 0 .0 .00 .0 s 0
204.3 0 .0 .00 .0 0 .0 +00 -
304.3 0 .0 .00 .0 o .0 -9 -
103.0 70830 1.0 10.84 .5 0 -0 "0 "0
203.0 70880 2.0 104.07 3.0 0 .0 -0 -9
303.0 70880 2.0 104.07 3.0 0 Ne -00 +9
103.1 70830 1.0 10.84 .5 0 .0 -0 -9
203.1 70880 1.0 104,07 3.0 0 .0 +00 -9
303.1 70880 1.0 104.07 3.0 0 .0 -00 -2
303.2 70380 1.0 104.07 3.0 0 .0 -00 0
603.2 708380 3.0 104.07 3.0 0 .0 +00 -9
103.3 0 .0 .00 .0 0 .0 -99 -9
203.3 70880 1.0 104.07 3.0 0 .0 -9 -0
303.3 70880 1.0 104.07 3.0 0 .0 -0 -9
303.4 70810 1.0 159.54 6.0 0 .0 =00 -
305.0 70819 1.0 22,98 4.0 0 .0 =99 9
305.1 70819 1.0 22.98 4.0 0 .0 -0 -2
306.0 7i210 1.0 3.44 .5 0 .0 909
308.1 7i210 1.0 3.44 .5 0 .0 -0 -
308.2 71210 1.0 3.44 .5 0 .0 -20 -9
308.3 71210 1.0 3.44 .5 0 .0 -9 -9
t07.0 712i0 1.0 3.44 .5 0 .0 .0 0

VERT TURN POLE TOP HORKAL POLE TP
PHASE  STOCK  UWIT UAIT  UnIT STOCK  UNIT  UNIT  UNIT
CODE CODE QUAHT = CUST LAB/HR CODE QUANT CUST LAB/HR
42 43 44 45 46 47 48 49
104.0 0 .0 .00 .0 0 .0 .00 .0
204.0 0 .0 .00 .0 0 .0 .00 .0
304.0 0 .0 .00 .0 0 .0 .00 .0
104.1 0 .0 .00 .0 0 .0 .00 .0
204. 1 0 .0 .00 .0 0 .0 .00 .0
304.1 0 .0 .00 .0 0 .0 .00 .0
304.2 0 .0 .00 .0 70861 1.0 5.55 1.0
604, 2 0 .0 .00 .0 70205 1.0 3.43 .5
104.3 0 .0 .00 .0 0 .0 .00 .0
204.3 0 .0 .00 .0 0 .0 .00 .0
304.3 0 .0 .00 .0 0 .0 .00 .0
103.0 0 .0 .00 .0 70837 1.0 9.82 .5
203.0 0 .0 .00 .0 0 .0 .00 .0
303.0 0 .0 .00 .0 70837 1.0 9.82 .5
103.1 0 .0 .00 .0 70857 1.0 8.06 .5
203.1 0 .0 .00 .0 o .0 .00 .0
303.1 0 .0 .00 .0 70857 1.0 8.06 .5
303.2 0 .0 .00 .0 70875 1.0 15,62 .5
603, 2 0 .0 .00 .0 0 .0 .00 .0
103.3 0 .0 .00 .0 0 .0 .00 .0
203,3 o .0 .00 .0 0 .0 .00 .0
303.3 0 .0 .00 .0 0 .0 .00 .0
303.4 0 Ne .00 .0 70861 1.0 5.55 1.0
305.0 0 .0 .00 .0 70820 1.0 15.54 1.0
305.1 0 .0 .00 .0 70820 1.0 15.54 1.0
306.0 0 .0 .00 .0 0 .0 .00 .0
308.1 0 .0 .00 .0 0 .0 .00 .0
308.2 0 .0 .00 .0 0 .0 .00 .0
308.3 0 .0 .00 .0 0 .0 .00 .0
107.0 0 Ne .00 .0 0 .0 .00 .0

Figure 5.1)~- BRPTOP file part 3.



PHASE
CODE

104.0
204.0
304.0
104.1
204.1
T 304.1
304.2
604.2
104.3
204.3

304.3,

- 103.0
203.0
303.0
103.1
203.1
303.1

303.2

603.2

103.3

203.3

303.3

303.4

305.0

305.1

306.0

308.1
308.2
308.3
107.0

PHASE
CODE

104.0
204.0
304.0
104.1
204.1
304.1
304.2
604.2
104.3
204.3
304.3
103.0
203.0
303.0
103.1
203.1
303, 1
303.2
603.2
103.3
203.3
303.3
303.4
305.0
305.1
306.0
308.1
308,2
308.3
107.0

fORIAL POLE TOP

STUCK  UNIT  UsIT UNIT
CODE  QUANT  CUST LAB/HR
S0 51 52 53

0 .0 .00 e

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

Q .0 .00 .0

0 .0 .00 L0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0
0 .0 .00 .0
70833 1.0 15.05 5
70833 1.0 15.05 .5
0 .0 .00 .0
70833 1.0 15.05 5
70833 1.0 15.05 5
70876 1.0 29.78 .5
70876 3.0 29.78 .5
Q .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0
70881 2.0 7.27 o1
0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

) .0 .00 .0
P.T.E. POLE TOP .
STOCK UWIT  UNIT UNIT
CODE QUANT  CUST LAB/HR
58 59 60 61

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 - .0

0 .0 .00 .0

0 .0 .00 .0
70826 1.0 83.74 3.0
70826 1.0 88.74 3.0
70826 1.0  88.74 3.0
70826 1.0 88.74 3.0
70826 1.0  838.74 3.0
70826 1.0  88.74 3.0
0 ,0 .00 .0

0 .0 .00 .0

0 .0 .00 .G

o _ .0 .00 .0

0 .0 .00 .0

0 .0 .00 .0
10802 1.0 63.26 .5
70802 1.0 63.26 1.5
0 .0 .00 .0

0 .0 .00 .0

0 .0 .00 0

0 .0 .00 .0

0 .0 .00 .0

o . 2}
Figure 5.1 BRPTOP

TURN BRKT POLE TOP

STOCK  UNIT
COpE  QUANT
54 55

O .0

0 .0

0 .0

0 .O

0 .0

0 - .0

o .0

0 .0

0 -0

0 .0

0 .0
94038 1.0
94008 8.0
94008 16.0
94038 1.0
94008 3.0
94008 8.0
94050 18.0
94050 54.0
O OO
94050 18.0
24050 18.0
94050 24.0
94038 3.0
94038 3.0
0 .0

0 .0

0 .0

0 .0

0 .0
NORKAL POLE

STACK  UHIT
CODE  QUANT
62 63

94061 1.0

94061 2.0

94061 3.0

94061 1.0

94061 2.0

94061 3.0

94051 3.0

94051 6.0

0 .0

0 .0

0 .0

94061 1.0

94061 2.0

94061 2.0

94061 .0

Q4061 2.0

94061 3.0

94085 1.0

94086 6.0

0 .0

0 .0

0 0

94090 O

17320 .0

77320 .0

71209 .0

71209 .0

71209 .0

71209 .0

71207 .0

¥

file part
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.00 .0
.00 .0
.00 0
- 00 .0
.00 .0
1.95 .2
2.07 .2
2.07 .2
1.95 .2
2.07 .2
2.07 .2
2.82 .5
2.82 .5
.00 .0
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2.82 .5
2.82 .5
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1.95 .2
.00 .0
.00 .0
.00 e
.00 .0
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.85 2
.85 .2
.85 2
.85 2
.85 . 2
.85 .2
8.89 .2
10.96 .2
.00 .0
.00 .0
.00 .0
34.34 I.0
6.02 .5
6.02 B
2.98 e 5
2.98 .5
2.98 .5
2.98 .5
92 .5
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ASCII in structure. The file contains labor rates and
loadings as well as miscellaneous items not feasible for
storage in other files. COMINFO data is read into the
E365WS program module as illustrated in Figure 5.3, line

1010.

The files OHCABLE and NAMES3 are shown in report
form in Figure 5.10. Both files are sequential ASCII in
structure. The OHCABLE file contains material costs and
productivity hours for each cable indicated. The cost
shown is per linear foot for the number of conductors
normally wound on a reel. The labor hours shown are

based on six different types of construction.

(1) OWA is open wire armless construction and is
in column 3 of the OHCABLE file.

(2) OW is open wire construction. This value is
stored in the fourth column of the OHCABLE
file.

(3) SP is spacer cable construction. This value
is stored in the fifth column of the OHCABLE
file.

(4) LASH is lashed cable construction. This value
is stored in the sixth column of the OHCABLE

file.
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(5) SEC is secondary construction. This value is
stored in the seventh column of the OHCABLE
file.

(6) AER is aerial cable construction. This value
is stored in the eighth column of the OHCABLE

file.

The column position used in this table is also the number
used to describe construction type on the data sheet. This
enables the program to select the proper labor value from
the file when needed for the estimate. If it is possible
for a cable to be installed in more than one construction
type, labor values are provided in all appropriate
.columns. For example, cable code 31760 on Figure 5.10
shows values in three columns, indicating that this cable

can be installed in three different ways.

The cable name shown in the table in Figure 5.10
is stored in the NAMES3 file. This file stores the
string information necessary to label the cables in the
same sequence as the OHCABLE file. Consequently, when
cables are added or deleted from the OHCABLE file the
corresponding name must be added or deleted from the

NAMES3 file.
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The OHCABLE file and the NAMES3 file are read into
the E365W$ program module shown in Figure 5.4 in lines

1600 through 1670.

The file GYANSW is shown in report form in Figure
5.11. The file is sequential ASCII in structure. The
file contains material cost and labor hours for guy,
anchor, and switch installations. This file is read
into the program module in lines 1680 through 1740 as

shown in Figure 5.4.

The large file BRPTOP is shown in report form in
Figures 5.12 through 5.16. This file is stored in ran-
dom binary structure. The file contains information
structured in such a way as to relieve the estimator of
the burden of entering, in the input data, detailed
information on required pole top material items. The
file is organized in an N by 81 word structure. N can
be any number of 81 word records needed by a particular
division. The first record in the file is a directory
of the rest of the file. This is done by sequencing the
phase code key in the same order as they are found in
the rest of the file. The phase code key is formed by
multiplying the number of phases to be installed by 100

and adding the construction code to it. For example,
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three phase spacer cable would have a phase code of 3x100 +
5. The resulting code is 305. This code uniquely identi-
fies every type of overhead construction used by Public
Service. The user does not generate this code. The
program takes the user input data and construct the code

necessary to access the file.

Each record of the BRPTOP file is begun with the
phase code key. The rest of the record is divided into
20 four-word groups. The four-word groups are organized
in the same way. The first word contains the stock code
of the item. The second word contains the quantity of
the item identified in the first word needed for the
construction regquired by the estimate. The third item
is the cost of one unit of material described by the
first item. The fourth item is the amount of labor hours
required to install one item of material as identified in

item one.

The twenty groups of four items are further organized
so that each describes a particular pole top configuration.
If the configuration does not exist for a particular phase
code key, zeroes are entered in the file instead of the
required values. The file is further organized so that

it can charge material to the proper estimate account. All
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entries below column 47 are automatically charged to
account E364.2. All entries above column 63 are auto-
matically charged to account E365. The program module
E365W$ tests for spacer cable installations to determine
to which account material from columns 44 through 62 is

charged.

The BRPTOP file is read into the program module a
line at a time so as not to use too much core space.
Lines 2405 through 2468 in Figure 5.6 are used to read

this file.

The organization of this file by phase code key,
by pole top construction unit, and by account to be
charged, was developed by the author in order to simplify
user input. He believes that it is a unigue approach to
the estimating problem. Research into the literature
available on computer cost estimating technigues have

not changed this belief.

Producing the Cost Estimate for Guys, Anchors, and Switches

The routine used to calculate the costs of guys and
anchors is located in Figures 5.4 and 5.5 in lines 1745
to 1838. Line 1745 tests to see if there is guy and
anchor data in the user input, if so the program execution

branches to line 1750. Lines 1750 to 1770 calculate the
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required labor hours to install guys and anchors, and
stores the result in a variable named H(25). It can be
seem that user data stored in the B array is being multi-
plied by values stored in the Y array which is the data
read in from the file G¥ANSW. The third column of the Y
array contains the labor hours to install guys and
anchors. The B array tells the computer how many of each
type are to be installed. ©No search is necessary, Since
the type of installation is pre-specified on the data
sheet. After the labor hours are accumulated in H(25),
they are multiplied by the labor rate D(1l), in line 1780.
Material costs are similarly calculated in lines 1800-

1820 of Figure 5.4.

After the costs are calculated, the material reguire-
ment is written to MATFILE in lines 1834-1838 in Figures

5.4 and 5.5.

The cost calculation for switches and reclosers is
done in the routine of Figure 5.7 in lines 2860-2970.
The user data is stored in the S array. The switch data
from the GYANSW file is stored in the Y array. A search
is performed by the program to find a match between user
input code numbers and those stored in the Y array. When
a match is found in line 2890, the calculation is per-

formed in line 2910 for labor and material. This will be
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done if these costs will be charged to account E365. If
the costs are to be charged to account E369.1, the pro-

gram branches to line 2940.

Producing the Cost Estimate for Overhead Cables

The largest cost portion of an overhead construction
cost estimate is that due to the installation of overhead
primary and secondary cables. This cost is made up of the
material cost of the cable, the cost of pulling the cable
into position on the pole, and the cost of building the
pole top construction. This part of the estimate is done
by the E365WS$ module in lines 1840 through 2800 of

Figures 5.5 through 5.7.

Matching the cable code. The desired cable needed

for the estimate is input by the user and stored in the U
array in the first position of every line. This value is
checked against the OHCABLE data stored in the W array.
The checking procedure is accomplished using a doubly
nested itéeration loop for I and J contained in lines 18490
and 1850. The user cable is indexed on the outer I loop
while the OHCABLE data is indexed on the inner J loop.
The IF statement of line 1870 serves as a gate, and will
step through the J loop until a match is found in the W

array. If a match is not found an error code is generated
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in line 3474. When a match is found, the execution of the
program falls through the IF statement of line 1870, and
Proceeds to initialization the H2 and H4 variables. The
cable is named in line 1890 using information stored in

the M$ string array from the NAMES3 file.

The cable stock code is then checked against several
codes of cables known to be supplied on single conductor
reels. If a match is found in line 1900-1906, the footage
is adjusted to three times the guantity input by the user
in line 1920 of the E365WS$ module. This is done because
all cables are considered to be supplied on three con-
ductor reels by the user, the program must recalculate
the special cases. This was done to further simplify the

input requirements for the user.

Naming the construction type. Line 1930 takes the

integer of the construction code input by the user. It
will be remembered that this code is a single digit num-
ber followed by a single digit decimal (ex. 3.1). 1In
order to use this code to access the proper column of the
W array, the decimal must be chopped off and the number
stored in integer form in the variable Hl1. Line 1935
tests for reinsulation code, if it is greater than 1, the

program branches to line 1940 in order to avoid appending
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the material file MATFILE as would be done if the program

had executed line 1936.

The large computed GO TO statement found in line 1940
of Figure 5.5 selects the proper string to be concatenated
with the cable name to further describe the installation

on the final report.

Computing the total installation factor. Line 2020

computes the final installation factor to be used in

determining the amount of extra labor needed for the line

of cable being processed. If this factor equates to zero,
a mistake has been made on the user's part. The program
tests this value in line 2030. If the factor as stored

in the variable f£(1) is equal to zero, the program sets
the value to one in line 2040. The reader should note
that the final installation factor is made up of the
multiplication of the user input replacement factor, in-

stallation factor, and the gain factor.

Calculating the Labor and Material Costs. The cal-

culation of the costs of pulling the cable, and the wire
work associated with the building of special pole tops is
done in the program section bounded by lines 2080 and 2200

of Figures5.5 and 5.6. The variable H4 is used to store
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the result of the equation on line 2080. User input data
for the amount of special pole tops including: vertical
turns (U(I,7)), risers (U(I,9)), deadends (U(I,10)}, and
junctions (U(I,1l1)), is multiplied by the corresponding
normal labor hours to do each from the COMINFO file stored
in the variables F(5) through F(8). The total is multi-
plied by the total installation factor calculated in line
2020 and explained above. The total is further multiplied
by the phase factor P(0) calculated in line 2060 and used
to adjust three phase labor figures stored in the OHCABLE
file for single or double phase installations. The vari-
able H2 is calculated in one of two places depending on
whether the cable being installed is a primary or secondary
cable. If it is a primary installation, the calculation
will be done in line 2100 of Figure 5.5. The OHCABLE

data stored in the W array 1is referenced at the Jth line
position determined by the IF statement of line 1870, and
the Hlth column number determined by the integer of the
construction code as calculated in line 1930. This item
as stored in the W array will be the proper pulling labor
hours required for the cable in guestion. For example,
the first line of the user cable data found in Figure 5.1,
line 501, would reference the W array in the following way.

The stock code 31760 would have found a match in the 28th
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line of the OHCABLE file, the construction code of 3.1
would result in an integer value of 3 stored in H1l. The
resultant reference would be made at the 28th line, third
column of the W array. This position is held by the
value of 50 hours, the normal labor requirement to install
1000 feet of the cable. This value is multiplied by the
total installation factor F(l) to arrive at the adjusted
labor hours for the job in question. This value is then
multiplied by P(0) to adjust for the number of phases.

In our test case, the value of F(1) is 1, and the wvalue

of P(O) is also 1.

The last thing to be done in finding the labor cost
is to multiply the labor hours H2 + H4 times the labor
rate D{l). This is done in line 3130 of Figure 5.5.
Finally, the figure is rounded to the nearest 10 or 100
dollars using the rounding function FNA in line 2140.

The function is defined in line 1384 of Figure 5.3.

The material cost for the cable is arrived at in
line 2170 of Figure 5.5. It is simply the number of
feet of cable as shown in the user data times the cost
per foot as stored in the W array. This cost is then

rounded using the FNA function in line 2180.

A test is made for spacer cable installation in line
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2190 of Figure 5.6. If the test shows that the installa-
tion is spacer cable, lines 220-2206 are executed to provide
for supporting messenger cable and ground rods. If the
installation is not spacer cable, the program will branch

to the equations contained in lines 2210-2250. These
equations are used to subtotal the material and labor for

all cable installations.

Calculation of Pole Top Material and Labor Costs

The calculation of pole top labor and material costs
is accomplished by the routine bounded by lines 2260 and
2680 of Figures 5.6 and 5.7 of the E365WS program module.
In general terms, the purpose of the routine is to sub-
stitute user data into the V array for easier handling,
to search the BRPTOP file for the proper data, and to
calculate labor and material costs for pole top construc-

tion.

Lines 2300 through 2390 of Figure 5.6 load each line
of user overhead cable data stored in the U array into the
singly dimensioned V array. This is done to simplify the
iteration needed to step through this data in a subsequent
calculation. The phase code key 1is calculated in line
2260 of Figure 5.6 and is stored in the variable H3. It

is derived as described above, by multiplying the number
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of phases (U(I,3)), times 100 and adding the result to

the construction type (U(I,4)).

The routine bounded by the lines 2410 and 2460 reads
in the directory of the BRPTOP file. The routine reads
through the directory one item at a time, and checks the
phase code stored in P(l) with the phase code generated
by the program and stored in the variable H3. This test
is made in line 2460 of Figure 5.6. If a match is found
the program branches to line 2465 and begins the cost
calculation. If not match is found, the program steps

through to the next cable entry.

Setting to the proper record. Line 2465 is a binary

set function which moves the next file access to the proper
file record. The file need never be read into core en-
tirely, the pertinent record alone is read. This saves
core space and makes it possible to handle a large volume
of data economically. The set function as shown in line
2465 will direct the reading of the BRPTOP file to the
matched directory location sotred in the variable Il multi-

plied by 81, which is the record length in woxrds.

Initiating the proper pole top sequence. The cost

calculation is begun in the K iteration loop commencing on

line 2480. The loop is structured to step through the



140.

twenty, four-word sub-records at the cost per unit storage
location. Line 2480 through 2570 set the sequence with
which the V array will be accessed during the cost calcula-
tion to follow. The reader will note that there are two
possible ways to sequence this array; for the normal
installation sequence and for the reinsulation sequence.
The former is contained in the data stored in line 2560,
and the latter in the data stored in line 2570. Each line
contains 20 data items which correspond to the subscript
numbers of the desired value stored in the V array. For
example, the first value stored in line 2560 is the integer
1. Substituting this number as the subscript for the V
array produces the amount of normal pole tops stored in the
V(1) variable. If this were a re-insulation data line,

the first value would be read from the data stored in line
2570. The value read would be the integer 9. Substituting
this value as the index for the V array yields the =zero
quantity pole top. In other words, a re-insulated pole

requires no material in this position.

Cost calculation equations. The program checks for

zero cost and/or zero stock code values in lines 2573 and
2574. If a zero case exists, line 2575 is skipped and
the material is not written to the file MATFILE. Line

2580 and 2590 check the K loop value to determine the
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account to which the material cost and labor cost should
be charged. As explained earlier, all charges under a K
value of 47 will be charged to account E364.2. All K
values above 63 will be charged to account E365. Labor
hours for labor charged to account E364.2 will be stored
in the variable H(21). Material costs will be stored in
the variable M(21). The variable H(22) and M(22) will
store the costs for account E365. In either case the
calculation will be done in the following manner. The

P (k) variable holds the guantity of the item of pole

top material. The P(K+2) variable holds the labor hours
reguired to install a unit of material. The V(Jl) vari-
able holds the amount of the particular pole top in
question. The multiplication of the above three variables
vields the total cost for the pole top material required
in the user data. The costs developed in the above cal-
culations are rounded and totaled using the equations

contained in lines 2700 through 2740.

Summary of the pole top calculation section. The

use of the simplification technigues incorporated in the
structure and handling of the random binary pole top con-
struction file BRPTOP make the assembly of input data an
easy matter. Other systems the author has reviewed

require a catalog of construction packages in order for
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the user to fill out the data sheets. Several hundred
packages of pole top hardware are listed according to
number of phases, voltage class, and construction type.
The input of data is more burdenseome with this type of
system. However, the system developed by the author
reguires only the input of the amount of various special

pole tops. The computer generates the material package.

Appending of the Work Files DMISC and MATFILE

Throughout the execution of the E365WS program module,
the work files DMISC and MATFILE are appended. The DMISC
file is appended to contain the material and labor costs
calculated during the execution. The format of the out-

put to the file contains the following:

(1) Account type (1 means overhead, 2 means underground)
{(2) Account title (E365, E364.2, etc.)

(3) Item description (Cable name, pole top hardware)

(4) Labor cost (Cost is rounded inside the program)

(5) Material cost (Cost is rounded inside the program)

The DMISC file appended during the execution of the E365WS

module is shown in Figure 5.2.

The file entitled MATFILE is appended to contain the

stock code of the material reguired and the guantity needed.
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The contents of this file created during the run of the

sample data is shown in Figure 5.17.

Chaining Out of the E365W$ Module

Upon completion of the E365WS$ module, the selection
of a chaining point must be made in the program. The pro-
gram section bounded by lines 3852 and 3880 provides this
function. If the estimate is an overhead only type, the
program will chain to the MISCP program to produce the
cost estimate printout. If the estimate contains underground
data, the program will chain to the underground module

E367WS.

Printing of The Estimate, The Estimate Summary, and The

Material List

After the completion of the calculating modules of
the estimate system, the MISCP*, SUMRY*, and MATLS* pro-
gram modules are called in, sequentially, to produce the
necessary reports. The functions of these programs were
discussed in Chapter IV. The cost estimate for the sample
data is shown in Figure 5.18. The estimate summary is
illustrated in Figure 5.19. Finally, the material list is
shown in Figure 5.20. The reader will note that these com-
puter reports are similar to the manually produced reports.
They are a direct replacement for these reports, conse-

guently, no retyping is necessary. After the necessary



CODE  QUANT 40722 144.

2
40112 10 70203 4
40122 5 70720 4
40122 5 - 70819 2
130384 3 70820 . .10
135755 T 94038 i
35004 1020 70802 1
35005 180 77320 10
35005 450 77308 45
16442 6 : 94008. - 18
16442 4 130160 12
94301 20 31760, 1505
70108 5 31124 80
- 10109 5 76652 >
. 70125 0 70222 10
10101 0 70722 10
70116 0 70222 3
- 16633 5 70722 2
76634 5 70222 2
76636 0 70722 2
31760 10000 ‘ 04061 30
31124 400 04008 é
16652 i0 130160 6
70222 30 31835 15520
10722 20 31124 400
710222 4 76652 10
70722 4 70830 20
70880 10 70857 73
10857 50 . 94038 20 -
70833 50 ' 70826 5 v, v
94008 - 80 | 94061 73
710826 8 94008 30
94061 iso- . 94008 8
Q40038 60 . 130160 10
94003 24 . 31256 7500
130180 - 30 _ 31124 0
31854 2000 76652 0
35115 2000 31254 2000
31124 640 . 31256 1500
76652 16
70222 6
70722 -6 :
70222 2 .

Figure 5,17~ - Contents of Matfile
- ~for sample run
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EST. NO.74-2 DIVISIOiHs CAMDEN

ACCT. QUANT. . ___ ITEM . .. . LABOR MATZL, TOTAL
H0. - : QEXP,
£364.,1 20 HOOD POLES ’ ~ 1200 1600
TELCU TRAMSFER CHARGES 800
LOADING (Ly 120, S——u2 15, %) 1400 200
e ... . -ESCALATION » 100 0
. SUB TOTAL 2700 2600 5300
E364.2 GUYS—-AHCHORS-XARIMS & BRKTS 3700 5400
LOADING (L@ 120, S——id 50 % 4400 2700
ESCALATION 209 100
SUE TOTAL ’ 8300 8200 16500
E365 10000~ 4/13KV 397.5K 3/C AL PIOHA . 6900 6000
2000 13KV 397K AL.3/C C.L.P.SP 2200 2500
1505 4/13£V 397.5K 3/C AL PIOW 1200 900
18520  4/13KV 1 /0AAAC 1/C ALPI*ORA 5500 1600
7500  SER.»2/0-3/C AL... 3500 1600
. POLE TOP HARDJARE 2800 2300
_ TREE TRIMUING o 0 1400
LOADING (Ld 120, %~-—NE 50 % 26500 8200
e - ESCALATION . . » 1400 400
. SUB TOTAL _ . _ . . .. 50000 24900 74900
£369.1 . 0.H. SERVICES 1400 500
LOADING (L& 120. %—3& 50 % 1700 300
e ESCALATION . . .. _. . 100 0
. SUB TAQTAL .. . ... _ . 3200 800 4000

ESTIMATE TOTAL 64200 36500 100700

o . PFigure 5,18~ The Estimate Report using
) Test data.



PUBLIC SERVICE ELECTRIC AND GAS COuMPANY
CLECTRIC DerARTRENL ¢
ESTIMATE-GeNERAL 146,
TO: THE GEHERAL MAIAGER - TRANSMISSION & DISTRIBUTION
REQUESTED VERBALLY BY 1/9/74 FROM niC

TEST DATA
SPLECIAL RUM

SULGIARY
- LABOR MAT/L.  TOTAL
: REXP.
OVERHEAD COHNSTRUCTION ’ ' ' 28400 24600 53000
OVERGEADS (L 120, %—ifg 46, %) 34000 11400 45400
ESCALATION 1 800 500 2300
fOTAL OVERHEAD COST 64200 36500 100700
AUTH. JOSSITE MANHOURS 2469 ,
OPERATING JUBSITE M. H. 0 :
RENUYAL JOBSITE hi.H. 0
TOTAL JOBSITE MAHHOURS 2469
TUTAL PROJECT _ 28400 24600 53000
OVERHEADS (L& 120. %——ii€ 46, %) 34000 11400 45400
ESCALATION N S 1 800 500 2300
TOTAL PROJECT S 64200 36500 100700
TOTAL JOBSITE MANHOURS 2469
LAZOR RATE USED  11.50 PER 1HOUR
DATE 1/9/74 ESTINATE HUMBER 74+2

SKETCH HUMBER DA22-16.1095
CAMDE DIVISION

WUNICIPALITY - VT

ESTIMATED TIME TO COMPLETE - .2 MONTHS
PREPARED BY -~ EC

ELECTRIC DISTRIBUTIGH DizPARTMENT

CHECKED BY -

APPROVED BY -

S - PFigure 5.19- The Estimate Summary using
Test data.

>



JOb TITLEs TEST DATA

‘ SPECIAL RUH

ESTIMATE Wds  74=2  DATE: 1/9/74
JUB START DATE: 4 7/ 74

BATERIAL LIST
NAME OF ITEM

< CU HTT“ QRJU ID WIRE

SeH.E2=3/0 AL,

S, 2/0-3/C AL,

& ]3\,\/ Jgf\ut IL AL@S/C HbDeP
““]JJ\\/ l/UAAJ\\.«"“I/C HoDaPo
3KV 397XCill AL.5/C C.L.P,

373 1dClH GUY IRE

1/16 IHCH GUY #WIRE

F2-2/5 AHAC k2SS,

35 Fil.-CL.2

40 Fl.=CL.2 _

8 I TiwId HeLIX ANCHOR

10 IN Tild HzLIX ANCHOR

4 FT X ARM

8 FT X ARM .

4 ‘:T BRnCE

5

1 3KV PuL_ TOP =XTENTION BRKT

3 PHASE CURNER BRACKET

lr\l\UL.l“l SRACK_FET »-L-ODG

BRIET. £XT. I0S O.HeAs

1 PHASE CuRiER BRKT

T+0 PHASE VERT uRhi, .
413Xy TJISULALING RIDGE PIN (30 IN.)
26KV D.E. CGRJ&R BRKT

GUY GUAKD=GREY

LeDIU puTlyY AJCHOR ROD. 0
HeAVY DUTY AHCHOR ROD

8 Fr. GROUND ROD .
& LGl HEMDRIL SPACER
15 16CH PLASTIC SFACER
4=13KV DISC IHSULATOR
135V SPOOL IHSULATOR R
1 3KV RIDGE PIN ITIISULATOR

73 IHCH FIBER-GLASS ROD . 1 .
TOXV LIGHTAING ARHESTER

P 3KV 200 AmP C.U,
15KV SECT 3PH 200A.

USED. 7 89 UNITS

STOCK
CODE

31124
31254

- 31256

31760
31835
31854
35004
35005
35115
40112
401 22
70108
70109
70203
70222
10720
107122
70302
70819
70820
70826
70830
70833
70857
70880
76442

76633

76634
16652
77308
77320
94008

(94038
94061
.94 301

1.

1
]

30160

30384

35755

7.

QUANTITY

(&)

foN

—

— = NOUT R — =
CUOCOWOCWON—Oh U W

—
O U@

?20

F\J
O

253
.20

58

Flgure 5 26 The Estimate Material Llst
e woooousing test data,
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signatures are entered on the reports, they are sent out

to the general office sponsor.

Summarz

This chapter has attempted to explain in detail the
operation of the E365WS module of the construction cost
estimating system designed by the author. The explanation
of the program was augmented with a discussion of all data
files used by the program. Listings of all files were
provided to aid the explanation. The cost calculation
section was divided into three parts, including; guys,
cables, and pole top hardware. The use of a test run was

included to help implement the discussion.

The intent of the chapter was to give the reader an
insight into the operation of a program module of the cost
estimating system in order to aid him in understanding the
entire system. Listings of all program modules are avail-

able in the appendix to this paper.
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CHAPTER VI

IMPLEMENTATION OF THE COMPUTERIZED

CONSTRUCTION COST ESTIMATING SYSTEM

Introduction

The implementation of any new computer system
requires careful preparation to insure success. Consider-
able skepticism existed among field engineers that so
complicated a function as cost estimating could be done
on a computer. The problem had to be overcome using
discussions and classes concerning the use of the system
in each field location. Complete user documentation had
to be prepared and distributed; Test cases had to be run
in each division comparing manual versus computer solu-

tions to estimates.

Organizational changes had to be made to incorporate
the new estimating system. The office unions had to be
convinced that the use of lower classification personnel
to do cost estimates using the new system did not violate
the contract. The following discussion shows how this

was accomplished in order to implement the new system.

Steps Used To Implement the New System

The implementation of any new computer system requires

careful planning. The finest system can meet with disaster
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if implementation is hastily done. A new computer system
will always disrupt the informal inter-relationships
between the individual people and the groups it is being
imposed on. If the human factor is neglected, implementa-

tion will be difficult at best.

With the above in mind, the following steps were
taken in order to implement the computerized cost esti-
mating system in the eight field locations of the Electric
Distribution Department of the Public Service Electric and

Gas Company.

(1) Meet with the Distribution Engineer's Association.
(2) Prepare complete user documentation. (10 Days)
(3) Schedule meetings in each division. (5 Days)

(4) Conduct classes in each division. (5 Days)

(5) Organize field personnel for the new system. (16 Days)

(6) Run test cases in each division. (20 Days)

(7) Clear the new system with the office union. (5 Days)

(8) Parallel the new and old system. (30 Days)

(9) Replace the o0ld system - switch over to the new
system. (5 Days)

(10) Feedback from the field offices. (Continuing)

(11) Adjust the new system as needed. (Continuing)

(12) Audit the system periodically.
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Introducing the New System to the Distribution Engineers'

Association

The department most concerned with construction cost
estimating is the Distribution Engineering Department in
each field division. The author met with the association
early in January 1974. The purpose of the meeting was to
introduce the new computer estimating system. The system
was discussed in general terms, and the subject of data
files was introduced. Each division was reguested to
submit their labor productivities. Sample data files

were distributed to facilitate the gathering of this data.

Preparation of User Documentation

In order for anyone to use even the simplest of com-
puter systems, the input of required data must be precisely
delineated. A complete set of user documentation was pre-
pared by the author and distributed to the field prior to
local discussions. A set of the documentation can be

found in the appendix of this thesis.

Discussing the System in Each Field Location

The next step in implementing the estimating system
was to meet with the engineering personnel of each divi-
sion. The meetings were held in January 1974 with all
eight divisions. The purpose of the meetings was to

discuss the use of the new system. The author led these
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meetings, which revolved around the discussion of the user
documentation. The engineering personnel were informed of
the structure of the data files, and how the programs used
these files in order to produce an estimate. Some engineers
expressed skepticism that a computer system would be flex-
ible enough to properly handle all of the situations that
arise in the preparation of a cost estimate. The author
assured them that the system was capable of handling 95%

of the possible cases. Arrangements were made to perform
tests of the system in each division before the scheduled

implementation.

Use of Classes

Before implementation of the system, the author and
his assistants conducted classes for those personnel
directly involved with the implementation in each division.
Again, the user documentation was discussed. Special
emphasis was placed on accessing the General Electric
Mark III foreground system. Interpretation of system and

program error diagnostics was stressed.

Organizing for Computerized Cost Estimating

Since the new system greatly simplified the cost esti-
mating function, the exclusive use of management and higher
level union personnel was no longer needed. It was recom-

mended that Engineering Plant personnel be used to £ill
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out the data sheets. It was further recommended that data
be input to the system by a clerk. The clerk would run
the system and produce the reports. The reports would
then be rough checked by the Engineering Plant Assistant
and re-submitted to the clerk if errors were found. If
the reports appeared to be correct, the completed esti-
mate would be given to an Assistant Engineer for further
checking. If approved, the reports would be submitted to
the appropriate Group Head for signature. Following that,
the reports would be submitted to the Distribution Engineer
for approval and signature. The reports would then be
sent to the Division Superintendent for final approval and

for forwarding to the General Office.

Clearing the New System and Use of Personnel with the Union

In order to preclude any union problems, the subject
of computerized cost estimating was discussed with union
officers in each field division. The union was shown that
the simplicity of the new system fit within the job speci-
fications of Clerk and Engineering Plant Assistant. The
union was given a demonstration of the system to reinforce
this contention. 1In all cases the union agreed that the

estimating system did not appear to violate the contract.

Running Test Cases in Each Division

In order to convince engineers in each division that
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the new system could accurately calculate construction
cost estimates, test cases were devised and run. The
test cases consisted of estimating one thousand foot
lengths of various types of cables and installations by
manual methods and by computer. In most cases these tests
were very satisfactory. They showed that the computer
estimate system could duplicate answers arrived at by care-
ful hand calculation. Where they were not satisfactory,
the cause of the problem was often found to be data file
errors. In a few cases the program was found to be in
error, and changes were made to correct it. At the con-
clusion of the test runs, all divisions agreed to proceed

with a parallel run of the new and old system.

Parallel Run of the New and 0ld System

The next step in the implementation of the computerized
cost estimating system was to run a parallel operation with
the old manual system. This is the stage the implementa-
tion has reached at the writing of this thesis. Results
have shown that the new system is performing very well.

Few problems have cropped up, and the author feels that

the remainder of the trial should go smoothly.

Replacing the 0ld System

After the successful completion of the parallel run
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of the two systems, the old system will be phased out if
the computer estimate can produce accurate estimates and
handle at least 95% of all estimates desired. The new
system will be spot-checked during this stage, but all

new estimates will be produced by the computer system.

Feedback From the Field Divisions

After the 0ld system is phased out and the computer
system is in operation in all divisions, provision must
be made for feedback of user problems. The feedback
mechanism will be provided through the Time Sharing
Computer Coordination Committee. The committee was
originally set up with the author as chairman and a repre-
sentative from each division. The purpose of the
committee was to disseminate information about time sharing
systems and programming techniques. Feedback concerning
the cost estimating system will be introduced during the

regular meetings of this committee.

Adijusting the System

Based on the feedback from the field divisions re-
viewed during the regular committee meetings discussed
above, changes will be made to the estimating system.
When the program is changed, the committee will also

serve as a method to inform the field users of the change.
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Auditing the System

The estimating system will be audited for accuracy
and timeliness once every six months by the time sharing
coordinator in each division. Test cases will be pre-
pared using unit lengths of cable and unit packages of
construction hardware. Current costs from the division
stock ledger will be used in a manual check of a computer
run estimate. Division data files will be checked and

updated by the local division coordinator.

Results of estimates will be checked against actual
field construction costs in order to audit the results of
the estimating system. The check will be performed by
each local division coordinator. The estimate system will
then be adjusted by the coordinator by revising the loading

and estimating percentages in the COMINFO file.

Summary

It was the purpose of this chapter to inform the
reader of the implementation of the computerized construc-
tion cost estimating system in the Electric Distribution
Department of the Public Service Electric and Gas Company.
A plan for the implementation was presented and followed
through its sewveral stages. The implementation is pro-

gressing smoothly at the writing of this thesis.
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ECONOMIC JUSTIFICATION OF THE

COMPUTERIZED ESTIMATING SYSTEM

Introduction

The replacement of the manual method of cost esti-
mating used in the Electric Distribution Department of
the Public Service Electric and Gas Company was done to
simplify the function and to achieve standardization.
Thus far, the system has proven successful in accom-
plishing these goals. It is also apparent that signi-
gicant cost savings will accrue due to the implementation

of the computerized system.

It is the purpose of this chapter to analyze and
compare the costs associated with the manual system and
the new system. The costs will be compared on the basis
of expected usage in all divisions. First, a break-even
analysis will be made to find the minimum amount of
estimates required to justify the new system. Secondly,
the total cost savings derived from doing all estimates

on the new system will be calculated.

Identification of Cost Items

The calculations to follow will be made on the as-

sumption that the costs are equal for preparing the
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Preliminary data for either the manual or the computerized
systems. This is a valid assumption because both systems
require that surveys of map and field conditions be made.
Neither will require a change in the normal pre-estimate
work. Hence, the cost of the preliminary work will be

dropped from the calculation.

Manual system cost factors. The manual system re-

quired that the estimate be prepared by management
personnel or by a Senior Engineering Plant Assistant.
The average cost per hour for this work is $15.50. The
amount of time required to do an estimate manually is
six hours. This figure is an average based on a con-
census of the Time Share Committee members. After an
estimate is calculated by hand, it must be typed. The
cost os a typist is $9.50 per hour. The above constants

will be identified by the following list.

(1) ES is the cost per engineering labor hours.
($15.50)

(2) T$ is the cost per typing hours. ($9.50)

(3) Em is the engineering time necessary to cal-
culate an estimate manually. (6 hours)

(4) Tm is the required time to type an estimate.

{1 hour)
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(5) X is amount of estimates to break even.

The cost of one estimate calculated manually is therefore:
X*  (ES(Em) + TS (Tm)) = 1% (15.50(6) + 9.50(1)) = 102.50
The result of the above equation shows that it costs $102.50

to calculate and type a construction cost estimate manually.

Computer system cost factors. The computer system has

simplified the estimate function so that an Engineering
Plant Assistant is able to prepare the estimate data sheet.
The average hourly wage for this job category is $12.00

per hour. The amount of time required to fill out a data
sheet is .5 hours. The data is entered via terminal by a
clerk. The wage for a clerk is $9.50 per hour. The amount
of time required to enter data and receive the reports is
.5 hours. The figures used above were arrived at by the

members of the Time Sharing Computer Coordination Committee.

In addition to the costs described above, there are
cost factors associated with the computer. The charges

are as follows:

(1) Terminal connect hours @ $14 per hour.
(2) Computer Resource Units charges @ $.40 per
unit of processing time. (Includes C.P.U.

and Disk access charges.)
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(3) I/0 kilo-character charges at $.10 per 1000
characters.
(4) Storage charges @ $.80 per 1.28 k of ASCII

storage, and $.20 per link of binary storage.

The computer cost per estimate execution is made up of two
costs: the execution cost and the storage cost of the pro-
grams. The execution cost per estimate is calculated with
the above cost factors and the average run time and expected

report size in kilo-characters.

(1) The average estimate will be run in .5 hours.

(2} The average estimate used 7.5 computer re-
source units.

(3) The average estimate generates 8 kilo-char-

acters of I/0.

The total cost per computer execution is shown below:

Total cost = (14)(.5) + (7.5)(.40) + (8)(.10) = $10.80

The cost of storing the computer system must be spread
over all divisions and then over all expected runs. The
program modules are stored in the author's user number and
are used by all the divisions through an execute permis-
sion. The total storage of the programs is 40 ASCII units.

The data files are stored in each of the eight division



166.

user numbers. The total storage is made up of 23 units of
ASCII units and 8 units of binary storage. The above
quantity must be multiplied by 8 to arrive at total stor-
age. The cost of storage must then be divided by 170,

the expected number of estimate runs per month. The cost

of storage per estimate run is calculated below:
Storage Cost/Run=(.80) (40) + 8(23)) + (.20)(8)(8)/170 = $1.13

The total computer cost per estimate is, therefore, $10.80

plus $1.13 or $11.93. The cost of storage along is $192

pexr month.

The total cost of the computer estimating system per
estimate is made up of the above computer cost and the

labor cost. The labor cost is calculated below:
Total Labor Cost = ($12)(.5) + ($9.50)(.5) = $10.75

The total cost for an estimate using the computerized esti-

mating system is, therefore, $11.93 plus $10.75 or $22.68.

Break Even Analysis

The break even analysis is the result of comparing
fixed and variable cost elements for alternate economic

plans. In the case being investigated; variable costs



167.

include labor plus execution costs; fixed costs are file
storage costs.
X (Manual Cost) = X(Computer System Cost) + Storage
where X is the number of estimates required to break

evell.

Break Even = (22.68 + 192.)/102.50 = 2 estimates/mo.

The computer system will pay for itself if only 2.0 esti-

mates are done per month.

Total Cost Savings

The total cost savings amount to $79.82 per estimate.
The average amount of estimates done per year by the
Electric Distribution Department of Public Service Electric
and Gas Company is approximately 2,000. The total savings
to be expected from the implementation of the computerized
cost estimating system is, therefore, ($79.82) x (2000) =

$159,640.00 per year.

Conclusion

The implementation of the computerized construction
cost estimating system apart from standardizing and simpli-
fying the estimating function, provides a considerable cost
benefit to the company. The cost for an estimate done

manually, averaged $102.50; the cost for the same estimate
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using the computer is $22.68. The cost saving per estimate
is, therefore, $79.82. Based on the average use of 2000
estimates annually, the computerized system will save

$159,640.00 per year.



CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

General

The purpose of this Thesis is the design and imple-
mentation of a real time computer based construction cost
estimating system for the Electric Distribution Department
of the Public Service Electric and Gas Company of New
Jersey. While the system was specifically designed for
electric utility construction cost estimating, the techni-

ques employed are applicable to other industries.

Conclusions

The preparation of this Thesis has led the author to

the following conclusions:

1. There is a vital need for a cost estimating
system in the Distribution Department of
Public Service Electric and Gas Company of

New Jersey.

2. Cost estimating is an excellent application

for digital computers.

3. The use of time-shared computers 1is a real
advantage for a decentralized distribution

department.
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The General Electric Mark III foreground
system is the most cost effective for the
cost estimating application of those systems

available and tested.

The use of the BASIC computer language is
preferable to FORTRAN IV for the estimating

application.

The existing terminal facilities available

in the field divisions are adequate to handle

the new system without excessive waiting.

The use of disk stored random binary and
sequential file structures are preferable

for the cost estimating system.

Multi structured file organization has sim-
plified input and make it possible to use

less technically skilled personnel,

Carefully organized implementation is in-
suring the acceptance and success of the

system.

A considerable economic benefit should

accrue when the system is fully implemented.

170.
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A vital need for a cost estimating system - Prior

to the system design work, it was apparent to management
that the manual cost estimating system was not consistent
among the eight field divisions. Estimates were often
inaccurate and were often submitted late. The need

for accuracy, consistency and timeliness was necessary

to the smooth economic functioning of the department,
therefore, a new system capable of meeting the above

criteria was of vital importance.

Cost estimating is an excellent application for

digital computers - The large volume of labor and

material data can be conveniently stored on magnetic
storage devices. The multitudinous calculations and
file look ups can be rapidly handled under program con-
trol. Decision criteria and circuit design variation
can be successfully transferred to program logic. A
great deal of manual effort can be saved using digital
computers. In fact, other electric utilities have

developed systems in past years to handle the function.

Use of time-shared computers - The use of time

shared computers is an excellent medium for the esti-
mating application. Flexibility was built into the

system allowing each of the eight field divisions to
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have their own data files. The immediacy of the data
input and return of the final estimate is important

for the calculation of wvariations on a proposed construc-
tion project. In practice, many more variations are
being tried with the new system, resulting in better
cost/benefit optimization. Also, the feeling of control
over the computer has helped sell the system to field

personnel.

The General Electric Mark III system - The selection

of a time-shared computer service was conducted among
four vendors. The General Electric Mark III system was
found to be most cost effective for a system which is

a blend of input-output and computation. The system
also offered the advantage of local dial-up for our
geographically spread field divisions. A considerable
savings in telephone costs has been gained by using

the General Electric telephone network. Finally, the
General Electric Mark III system offered a user oriented
executive system and diagnostic package. The ease of use
proved to be important in gaining Union acceptance in

field locations.

BASIC is the preferred computer language — The se-

lection of the BASIC language was based on its ability

to handle the necessary system logic, its ability to
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handle data files, and its ability to handle alphanumeric
string input. FORTRAN was able to handle four character
alphas while BASIC could handle the 30 character strings
necessary in the estimating system. The BASIC compiler
was able to generate efficient code resulting in fast

program execution.

Existing terminal facilities are adequate - An

investigation of existing load on field terminal facil-
ities using queueing techniques showed that current
facilities are adequate. The criteria of waiting times
of no longer than 20 minutes was not violated in any

field location.

The use of disk stored files is preferred - The use

of disk stored files for rapid access is a great benefit

in reducing execution times. Seqguential ANSCII structure
was used for shorter files. These files are directly
listable on local field terminals and are open to modi-
fication by responsible field personnel. The random-binary
structural files cut processing times on the large files
access by the system. These files are listable and

modifiable under program control.

Multi~structured file organization simplifies input -

The goal of input simplification was met by using multi-
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structured random binary file organization. The file
which generates pole top material was organized such
that the program can select packages of required
materials. The user is not burdened with knowing the
exact items required for pole top construction. The
use of personnel of lesser technical skills was facil-
itated by this method. Management personnel were freed

of the exclusive duty of estimate preparation.

Carefully organized implementation is essential - The

success of any system, no matter how fantastic that
system is, can be jeopardized by poor implementation.
Care was taken to document the system, to meet with field
personnel, and to ease the new system into effect. This
program has paid off and the new cost estimating system

has met with excellent response from the field.

Economic Justification - The implementation of the

computerized construction cost estimating system in add-
ition to standardizing and simplifying the estimating
function, provides a considerable cost benefit to the
company. The cost of an estimate done manually averaged
$102.50; the cost for the same estimate using the computer
system was $22.68. The cost saving per estimate is,
therefore, $79.82. Based on the average use of 2000 esti-

mates annually, the computerized system should save
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$159,640 per year.

Recommendations

The following is series of recommendations based on
the conclusions reached by the author during his work on

the construction cost estimating system.

Department wide implementation - If the parallel

run in all field divisions proves as successful as the
early results indicate, then the computer based esti-
mating system should be adopted as the only acceptable
means for producing a cost estimate in the Electric
Distribution Department. This recommendation is based
on the improved estimate technique and the cost savings

provided by the computer based system.

Company wide implementation - If the estimating

system proves successful and anticipated savings are
realized in the Electric Distribution Department of
Public Service, then it is recommended that a similar
system be designed for each of the other operating de-
partments of the company. Construction work done by

the Electric Engineering Department includes: installa-
tion of conduit, construction of substationa dns
switching stations, and the construction of generating

stations. Projects must be estimated by the Electric
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Engineering Department in a similar manner as that used
by the Electric Distribution Department. Therefore, a
similar computer based estimating system can be designed
for this department. In the same way, the Gas Department,
and the Generation Department could benefit from a com-

puterized cost estimating system.

Implementation in other electric utilities - Electric

distribution construction is fairly similar throughout
the country. Utility accounting methods are virtually
identical in all American electric utilities. With the
above facts in mind, it is not difficult to see that the
system designed by the author could be put to use by
other utilities. Data files and report structures could
be easily modified to fit local reguirements. Smaller
utilities without the necessary capital to invest in a
computer system would find such a system particularly
beneficial because they would pay only for operating

expense on a time-shared computer.

Other industries - Many of the concepts used in the

design of the computer based estimating system discussed
in the course of this thesis are applicable to the general
solution of the estimating problem. The use and struc-

ture of data files would be similar in other industries.
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The design of the program modules for the time sharing
environment could serve as examples for other industries
desiring such an estimating system. The concept of

input simplification would well be used by other estimate

system designers.

Further system development - The following is a list

of suggested expansion of the computer based estimating

system.

1. Creation of a random binary file containing
authorized estimate money to serve as a
directory of active jobs.

2. Generating C.P.M. reports from the labor
output data from the estimating system.

3. Interfacing the estimate system and the
material ordering system.

4. Feedback of actual dollars spent versus

estimated dollars to serve as control

mechanism.

The creation of a random binary file to contain the
account and cost information output from the estimate

program could serve as a rapid directory for management
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for all authorized jobs. Such a file could be created
as a function of the report producing program (MISCPS).
Video terminals could be provided for management to
access cost information as needed. The file could also
serve as a data base to produce cost reports on work in

progress.

C.P.M. Scheduling - It is current practice to schedule

line work crews manually in each division through the
means of a modified Gantt Chart. Enough data is available
in the estimate files to provide the necessary input data
for a critical path method (C.P.M.) scheduling program.
The author envisions that a direct interface could be
designed between the estimate system and the General
Electric Mark III package C.P.M. program, entitled CPMX1$***,
The output of the program could be a C.P.M. report or a
graphical representation of the C.P.M. solution. The
author believes that a significantly improved schedule
of line crews could be made if this recommendation is

implemented.

Interface with material system - The output of the

estimating system includes a material list as illustrated
in Figure 5.20. The material list must be submitted for

keypunching in order to serve as input to the current



material ordering system resident on a company owned
Univac 1106 computer system. The Univac system is
capable of accepting eight level ASCII code on paper
tape. Each field division has a General Electric
Terminet 300 terminal capable of punching eight level
ASCII code on paper tape directly from computer output.
With the addition of some extra programming in both
systems, it would be possible to enter input from one
system to the other through the means of paper tape.
This would save the cost of repunching data and elimi-

nate resulting error.

Cost Feedback - A final recommendation concerns

the control of expended money. The author recommends
that a study be made to determine the feasibility of
interfacing the current Univac 1106 based work order

system and the output of the estimating program. As
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costs accrue to the various accounts of an authorization

through work done in the field as reported on work

order forms, a check could be made against estimated
dollars for that account. A monthly report could be
generated which would review the charges to authori-

zations and flag those in danger of being overspent.

A Final Word

The author would like to state that this thesis
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offers a real solution to a real problem as it existed
in the Electric Distribution Department of the Public
Service Electric and Gas Company of New Jersey. It is
not intended to be a text book solution, but rather an
honest effort to attain a workable estimating system in

a reasonable time frame.



CHAPTER IX

CRITICAL EVALUATIONS

The letders presented on the following pages reflect
the opinfons of two men highly qualified to write on the
subject of construction cost estimating. The first letter
was written by my supervisor, Mr. H. S. Blewvelt, Manager
of Methods of the Electric Distribution ﬁepartment of the
Public Service Electric and Gas Company of New Jersey.

Mr, Blauvelt has had over thirty years of experience in
the Distribution Department. Most of his carser was spent
in field supervisory positions, including the top mansage-

ment position of superintendent in several divisions.

The second letter of critical evaluation was sub-
mitted by Mr. R. F. Dauer, Assistent Manager of Electric
Distribution of the Orange and Rockland Utilities Company.
Mr., Dauer is also highly qualified to write on the subject
of construction cost estimating. He has had extensive
experience as project engineser for field construction
jobs, and has had a good deal of experience with computer

applications.



Public Service Eleciric and Gas Company 80 Park Place Newark, N.J. 07101 Phone 201/622-7000

March 19, 1974

Professor I. R. Goldstein
Industrial Engineering Department
Newark College of Engineering

EVALUATION OF THE THESIS ENTITLED
"COMPUTER BASED CONSTRUCTION COST ESTIMATING"
BY T. A. WESTPHAL

I have reviewed the thesis entitled "Computer Based Construction
Cost Estimating”, by T. A. Westphal. I find it to be an accurate
representation of the work he has done in this area while working
for my office in the Electric Distribution Department of Public
Service Electric and Gas Company.

The design concepts are original and well thought out. The pro-
grams were written by Mr. Westphal in an exceptionally short period
of time. The entire programming effort was accomplished in three
months. At present, field trials of the new system are being run
in all eight of our field operating divisions. The results ob-
tained have been extremely satisfactory.

Mr. Westphal has succeeded in simplifying the effort and skill
necessary to prepare a construction cost estimate. We will be
able to use Union personnel of lower classification for esti-
mating with the new system. In addition, we will obtain a
considerable saving in manpower and a resulting cost saving when
the system is fully implemented.

Speaking from my experience as a former Division Superintendent

and my current position as Manager of Methods, I find Mr. Westphal's
effort to be of high merit. He has found an excellent solution

to the problem of cost estimating. The thesis he has written

about the topic is of similar high merit. Certain portion of the
thesis will be used to document and explain the system to field
personnel.

In conclusion, I find the work to be in good form, accurate, and
of high merit.

Very truly yours,

H. 5. Blauvelt
Manager of Methods
Electric Distribution Department

The Enerav Peonle



OBANGE A BOCKLAND UTILITIES,

75 WEST ROUTE 59, SPRING VALLEY, NEW YORK 10877

April 10, 1974

914~-352-8000

Mr. Thomas Westphal

Public Service Electric & Gas Company
80 Park Place - Room 7360

Newark, New Jersey

I received a copy of your Thesis "Computer Based Construction
Cost Estimating" and have read it with interest. As you may know,
Orange and Rockland Utilities is a combination Electric and Gas uti-
lity serving Orange and Rockland Counties and a portion of Sullivan
County in New York State. Our wholly owned subsidary Rockland Electric
Company provides electric to communities in northern Bergen, Passaic
and Sussex Counties in New Jersey, while our other subsidary Pike County
Power and Light provides electric to portions of Pike County, Pa.. At
present we do not have a computerized estimating system, though we are
interested in developing one for Electric Distribution Construction
Projects.

It would appear that you have a sound basic knowledge of electric
distribution construction. Chapter II serves as a demonstration of this
fact. The estimating system as a whole, was written with input simplicity
as a guideline and yet with sufficient flexibility to allow the user
coverage of a wide range of construction conditions.

The manual systems 1ike the one you described in Chapter III do
present problems. It was interesting to see your technique for simpli-
fying the estimating function. We, too, are interested in using non-
management union personnel for estimating and I have found your work in
this area to be well thought out.

I have some background in the computer systems area and found
Chapter IV and V to be well constructed and executed. Chapter IV
explained in what I thought was a very straight forward manner how a
relatively large system can be written for the small core space generally
available on a time shared computer. Chapter V was unique in that it
takes the reader inside a program and explains in detail how it works.
The flow charts and documented program 1isting were a great assistance
in understanding the text.



Mr. Thomas Westphal
Page 2
April 10, 1974

Your Chapter on implementation (this is always a difficult area)
impressed me with how rapidly a well constructed computer system could
be brought into effect and in sejjing a system this is an important
factor,

I was also interested in the cost savings PSE&G will experience with
the computerized system.

In conclusion, I found your Thesis to be an accurate representation
of construction cost estimating as it pertains to the Electric Utility
Industry. It offers an excellent computer design.

Sincerely,

ORANGE AND ROCKLAND UTILITIES, INC.

R. ¥. Dauer
Ass't. Manager
Electric Distribution

RFD/alb
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Section 1. Intro

Before we talk about programming in BASIC we should understand what programming is.
To do that, we must know something about how a computer works,

Let us begin by using a simple analogy to explain what a computer does. Suppose that you
have just been onashopping spree, and you would like fo determine how much you have spent.
Since it was a rather extensive affair, it would be convenient to use a desk calculator. Tor-
tunately, you have a {riend who owns one and knows how to operate it. You visit your friend
and you tell him what you have bought. The conversation might go something like this:

“Multiply 6 pairs of shoes by the price of $15.00 and jot down the answer. Multiply 2
hats by the price of $10.00 and jot down the answer. Multiply 3 six-packs of soda by
504 and jot down the answer. Multiply 12 returned bottles by minus two cents and jot
down the answer----and so on. Now add all the items and tell me what the answer is.”

In this simple analogy we have outlined the elements of a simple computer such as that
shown in the block diagram of Figure 1.

Input /OU(-PUt 4 Memor Arithmetic
G Y G Unit

Controller
(Program)

Figure 1. A Simple Computer Configuration

In our analogy, your friend’s ears and his voice are the *“‘input/output device.”” The scratch
pad on which he jotted down your “‘instructions,’”” sub-totals, and total was the memory. Hig

I-1
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desk calculator was the “‘arithmetic unit.’”” His ability to understand and interpret your
instructicns, and to operate the desk calculator and jot down items on the scratch pad
represent the ‘‘program’’ built into the ‘‘controller’’----which is, of course, your friend.

In an actual computer these functions are all performed by electronic components. In the
BASIC 1 Time-Sharing Service, the processor is a GE computer, and the input/output device
for our purpose is a terminal. In fact, there are many terminals, all connected to the same
computer. The computer operates so much more quickly than you can type in or print out
information that it can “time share” many input/output devices. This is done in much the
same way that a good waitress inarestaurant can wait on several tables without causing any
inconvenience to her other patrons. While one is drinking his cocktail, she can be serving
the main course to another. While he is eating the main course, she can serve dessert to a
third patron. Then she can deliver the check to a fourth in time to return to the first just as
he is finishing his cocktail and is ready to order another. If the patrons were not able to see
one another, each might think that the waitress was serving only him.

In the same way, GE Time-Sharing Service can accept an “order” from one terminal, then
service many others, and still return to the first one in time to accept the next “order”
without delay. Thus, it appears to each user, sitting at his terminal, that he has exclusive
use of the computer.

The fact that a terminal is used as an input/output device means that it can be located some
distance from the computer. To go back to our analogy, it is as if you decided to call your
friend on the telephone rather than drive over to his house. This is, of course, much more
convenlent. Since computers have not yet been designed to respond to the spoken word, we
don’t call up the computer by telephone, but by a terminal. The computer can readily inter-
pret the electrical signals putout by the terminal, and the human operator has little difficulty
operaling a terminal keyboard. Itis almost identical to that of a standard typewriter. By the
same token, the computer can readily generate electrical signals which cause a terminal to
print out a message which the operator can read.

Thus, we now have all the elements of a “time-shared” computer system serving many re-
mote incations. There remains one problem however--computers have a “language” all their
own, so {ar as program instructions are concerned. They don’t do arithmetic the way humans
do, either. It is as if, in our analogy, the friend were Japanese, spoke no English, and used
an abacie vather than a desk caleulator. What we need is a translator. Maybe your friend’s
wife speaks English. We talk toher on the phone, so that she can translate into Japanese for
her husband and transiate his answers back into English for us. Meanwhile, he can use the
abacus to do what we would have done on a calculator.

¥ time-sharing brings every man his own computer, the BASIC language makes every man
his own programmav.
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AV RBRASIC program will employ several different instructions, both English languape and
mathematical. In time you may learn touse them all. Let’s begin by seeing how BASIC, the
language used in BASIC 1 would have solved the problem of our analogy:

Our Human Method The Computer Program
Multiply 6 by $15.00 and jot down answer, 100 LET X1 = 6%15
Multiply 2 by $10.00 and jot down answer. 110 LET X2 = 2¥%10
Multiply 3 by $00.50 and jot down answer, 120 LET ¥3 = 3%.5
Multiply 12 by minus $.02 and jot down answer, 130 LET X4 = 12%(-.02)
Add all items and jot down answer. 140 LET T = X143243{3+X4
Tell me what the answer is, 150 PRINT T
That’s all, thank you, 999 END

While the above example is quite workable in BASIC 1 time sharing, we have left out a few
essentials, such as calling up your friend, identifying curselves, telling him what language
we would like to speak (his wife is by now multilingual), and telling him goxibye. Let’s use
the comparison method again to see how this works.

Human Computer
1. Pick up phone. 1. Push the ORIG button on teletypewriter.*
2. Listen for dial tone. 2. Listen for dial tone on speaker,
3. Dial {riend’s number. 3. Dial the Time-Sharing computer’s number,
4, Friend answers. 4, Computer answers (beep).
5. Friend says, “Who is this?” 5. Computer types USER NUMBER.
6. Tell him your name. 6. Type in your user number,
7. Friend says, “What language?” 7. Computer {ypes SYSTEM,
8. Tell him: “English.” 8. Type in BBASIC,
9. TFriend says, “Is this a new 9. Computer types NEW OR OLD
prcblem or the same as
before?”
10, Tell him, “A new problem.” 10, Type in NEW,
11. Friend says, “What kind?” 11. Computer types NEW FILE NAME,
i12. Tell him, “Sales spree.” 1Z. Type in SPREE,
13, Friend says, “O.K. let’s go.” 13. Computer types READY.

Now we are ready to enter the program as previously described. Once we have entered the
program, including the END statement, we simply type in RUN, and depress the RETURN
key. The computer will perform the requested operations and type the answer. We perform
the goodbye sequence as follows:

Say ‘‘Thank you, goodbye.”’ Type in BYE.

Friend hangs up. Computer advances paper to where it can
be torn off, and automatically disconnects
the teletypewriter.

The following chart lists the instructions for teletypewriter operation and illustrates the
keyboard.

* - A teletypewriter type of terminal has been and continues to be one of the most-used ~
terminal devices for time-sharing purposes. TFor that reason, its use is illustrated in this
text. If you have any questions about time-sharing terminals, please contact your GE Re-
prasentative.



Instructions for Teletypewriter Operation

Push the ORIG button. This corresponds to lifting the telephone off the hook.
Listen for the dial tone that emanates from the teletypewriter speaker.

Dial the number of the computer. If it is busy, push the CLR button, Wait a
while and try again.

When a computer answers with a beep, the teletypewriter will automatically type out
its own identification number.

Type your user number and other information requested, then enter a new program
or call up an old one and use it.

When you have finished, type BYE, followed by a carriage return. The teletypewriter
will shut off automatically.

BAX-ALS REST
OUT OF SERY, HORMAL-RESTORE

O @

| s i

A6

G0

KEYBOARD AREA E}E] E}
: ]

XXX XXX XXX

AHS TsT LCL  BUZ-RLS

O 00O

C )

Figure 2. Teletype Unit Control Panel

Note: Controls shown as a solid black color (@ ) are the only controls needed for BASIC I

oneraficns.
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SYSTEM--BEASIT
S ypuoR CLTE
Ew FILE NAN

SLET: Aleh®1s
0 LET Az2s2¥1D
;LET A3=0%0%

LET 74512%(~0:02

Y LET T=AlvReTAJYRE.
PHINT dons g

For the purpose of illustration only, those parts of the conversation typed by the user have
been underlined. In actual practice this underlining does not exist.

I-5



z\‘cw we’ve carried our analogy far enough. It's time we entered the world of BASIC and
time~sheu“‘mg. Let’s discuss the BASIC program.

Rach program instruction must be entered on a separate line and must be followed by a
Yarriage return. Notice that each BASIC program instruction to the computer is assigned a
hymber--~in the example we used 100, 110, 120 and so on. The computer executes the in-
Structions in numerical order, thus the program must be written so that the instructions,
wWhen taken in numerical order, follow a logical sequence. For example, it would do no good
lo ask for PRINT T before the other instructions had been executed, because the computer
Wouldn’t know the value of T and could not print it. Notice that we said “taken in numerical
Srder.” The instructions can be typed in any order because the computer will automatically
*esequence them into numerical order. This isa great convenience and is one of the reasons
for numbering the instructions in the first place.

¥ we realized after the program was all written that we had forgotten one line, we would
lust type it in: 141 LET X5 = 3*#17. All instructions would automatically be put into se-
Guential order by the computer. We don’t have to retype the whole program. For this reason,
Most programmmers leave a fewspare numbers between instructions. This makes it easier to
Correct or modify the program later.

o

‘.v-.yy program must have an END statement so that the computer will know when it has

cessed all the program instructions. The END statement must be the highest numbered
struction in the srogram. Most users designate a sufficiently large number {(for example:
i the examiple), to ensuve that all other instructions will have lower line numbers. Be-
g line numbers ave lbuited to five digits, the largest permissible line number is 99999.

o
e
O

n

t

te*d
A

7=
€
[l e)

\mmo tnat cach instructionis ingimple algebraic form, rather than in English or arithmetic.

{ 3 't say, multiply 6 x 15, }.J. tead we say, LET X = 6¥15. Any arbitrary alpha-
oy rw be used instead of X as long ag it is a letter or a letter fnilowed by a single
wer (.e., 0,1,2,3,4,5,6,7,8, cv 9}

=)

Be sure to distinguish between “zero” and the letter “oh”, and between the digit “one” and
the lower case “ell”. There are no lower case letters on a teletypewriter, but if you are

191,

accustomed to using lower case “cll” onatypewriter for the digit “one”--he careful! Also,

since there is no lower case X, or a multiplication sign on a tetetypewriter, we use the
asterisk tor this purpose.
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Section 3. Providing Data

Most programs can be reduced to three simple steps:

1. Providing data
2.  Performing desired calculations
3. Printing out answers

Because Steps 1 and 3 are the easiest to understand, let’s start with them. Assume some
kind of calculatlon 1s needed, fcn cxample

Ei‘X«»eS 14159 =Y .
There are three ways inwhichstepl can be performed. First, we can simply say: READ V.
Then we can include a statement: DATA 3, 7, 23, 71. An illustration of a BASIC program
using these statements is:

EAD Y
LETA = -3.14159 % Y
PRINT %
6% T 10
DATA Sﬂ,zs 71

Whenever the computer encounters a READ statement in the program, it will read the next
value of Y. The first time it will read 3, the next time 7, the next hme 23, and so on until
no more data is left to be read. Then it \mll stop. I our program had said: LET X = A¥B,
we would have had to say: READ A, B. The computer would then take the numbers two at
a time from our DATA statement regarding the first number as A and the second as B, the
third as A and the fourth as B and so on.

The second way of providing data is the FOR...NEXT method. For example, we could say:
TR Y = 1 T 10. Notice the use of “@” for the letter “C” to distinguish it from the
numeric zero. At the appropriate point, where the next variable is required in the program
we would give a NEXT Y instruction. The computer would then perform the desired calcula-
tion for all integral values of Y from1 to 10. If we want larger or smaller steps, we simply
specify the size of step required. Forexample: F@PR Y =1 T¢ 10 STEP 0.1 would cause the
machine to use: 1, 1.1, 1.2, 1.3,... This method of input is very useful for computing tables
of squares, cubes, square roots, cube roots, etc.

The third way of providing data is to have the computer ask for it. For example, assume we
have a program which needs the values of A, B, and C, which we would like to provide each
time we run the program. To do this, we use two instructions: PRINT “ENTER A, B, C7;
followed on the next line by INPUT A, B, C. The computer will now ask for the values of A,
B and C by typing: ENTER A,B,C? Then you enter any values, for example 2,8, -10, by
typing them in and depressing the RETURNkey. The computer will perform the calculations
with the values you provided - ')dprmt out the answer. I you have programmed a loop (which
we will discuss later) it will :you to ENTER A,B,C again.

1.7
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Section 4. Printing Answers

So much for providing data. Nowlet’s see how we get information out of the computer. Again,
there are three ways in which we can get the computer to print out information, using pro-
gram instructions. The first two use the PRINT command, Anything included in {uotes
following a PRINT command will be printed as is. For example, the command PRINT T,
would cause T to be printed, perhaps as a column heading. The command PRINT T, how-
ever, without the quotes around T, would cause the computer to print the value of T. In our
very first example (SPREE), for instance, we could have written 149 PRINT ‘‘T="' before
the 150 PRINT T instruction. The teletypewriter would then have printed out T= on one line,
and the value of T (111.26) immediately below it on the next line. To save paper, we could
have written: 150 PRINT ““T='’; T in which case we would receive the printout: T= 111.26,

Thus by using quotation marks, we can get the computer to print out what we specify, for
column headings, line titles, and so on, By omitting the quotation marks we can get it to
print the actual value of the quantity called for.

Now let’s discuss where the computer is going to print. Each PRINT instruction causes the
computer to begin a new line. A PRINT instruction with nothing after it won’t print anything.
but it will advance the paper one line. This is a useful technique for improving the ap-
pearance of your printout.

A page is divided info five zones of fifteen spaces each across each line. Anything in quotes
is printad just as it appears. For anything not in quotes, however, a comma is the signal for
the compuicr to move to the next zone. For example, if we used the instruction PRINT
A,B.C, {(note that we used no quotation marks around the letters) the computer would start
at the 1ot edge of the page and print the value of A. Then it would skip over to column 15
and print the value of B. It would skip the necessary spaces to bring it to column 30, and
print the value of C. We could thus get as many as five printouts across the page, beginning
at columns 0, 15, 30, 45, and 60. This operation is just like tabulating on a typewriter.

If we want togetmore thanfive columns, we can compress the printouts by using a semicolon
instead of a comma between the letters. Then the spacing between printouts will depend on
how many characters are printed. When each value is printed, one space appears in front
of the number for the sign, and as many as four spuces after the number. The sign is printed
only if it is minus. The [ollowing table shows the field widths for the different numbers of
characters.

Number of Characters Field Width
i 3
2, 5, ord 6
5, 6, 017 9
g, 9. 0r 10 12
11,12, or 13 15



How are numbers printed out? Here are the rules which the BASIC language uses:

1. No more than six significant digits are printed (except for integers---see rule 4
below).

2. Any trailing zeros after the decimal point are not printed.

3. For numbers less than 0.1, the form X.XIXXX B-Y is used, unless the entire
significant part of the number can be printed as a six digit number. For example,
0.00003786 is the same as 3.76 x 1079, and will be printed as 3.76E-5.

4. If the number is an integer (in other words a whole number), a decimal point will
not be prinfted and as many as nine digits will be printed in full.

The third method of printing out information involves the use of the LIST system command
which instructs the comyputer to type outyourentire program just as it is stored in the com-
puter. This ig very useful for obtaining the current version of a program which has under-
gone many corrections, additions and deletions as it was being typed in.

There is another BASIC command that is useful when listing programs. This is the REM
(Remarks) command. It is useful for documenting comments in a program and can be used
by the programmer to make remarks throughoutthe program logic. Following a REM state-
ment the computer will type out exactly what is stated. For example:

The difference between PRINT and REM is that, in the {irst case, the words to be printed
out should be in quotation marks; and they are printed when the program is RUN. In the
second case, the words to be printed out are not in quotation marks; and they are printed
when the program is listed, ut not when it is RUN.

1.9



saction 5. Performing Caleulations

Now that we know various ways of providing data, and printing answers, headings and
remarks, we should turn our attention to the problem of how we get the input data computed
into answers.

we have already said that program instructions should be in simple algebraic form, such
as: LET X = 6*15. We can actually say: LET X = almost anything in mathematical terms.
gome of the symbols used for mathematical operations may be unfamiliar to you, but they
result from limitations of the teletypewriter keyboard. These hasic symbols are as follows:

plus

minus

times

divided by, (for example A/B means A divided by B)
raise to the power of, (for example 2 $ 3 =23 = 2x2x2)

- N %

pecause each expression must be written on a single line, parentheses are often required
where they might not be needed in ordinary mathematical notation. For example:

éég must be written: (A-B)/C

Owitting the parentheses would cause the expression to be interpreted as A - (B/C), which
is not what was intended.

In addition to arithmetic operation, the following standard mathematical functions are
available:

SIN (X)) Sine of X

P 1Q lr R 7 D 3 P, . .

ZS*,“?J\ ((‘;C)) g:;g;;toéf\{x X must be in radians

ATN (0 Arctangent of X

EXP (X) Natural exponential of X, e~

ABS (X) Absoiute value of X, ||

LOG (X) Makural logarithm of X

SQR (20 Squarae root of X

PND (X} Generates a random number between zero
and one

INT (X) Integer part of X

In any of the above expressions, X may be any quantity or expression,
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- Section NMriting a Program

One of the things which sometimes confuses people who are familiar with algebra but
unfamiliar with programming is the use of an expression such as: LET X = X+7. Mathe-
matically, such an expression reduces to: X-X = 7 or 0 = 7 which is meaningless. In the
brogramming sense, however, the meaning is: Let the new value of X equal the old value of
X, plus 7,

Going back to our original example of SPREE, for instance, instead of:
CE A0 LET TEXI+XBeX3+X4

ve could have written:

P40 LET I=£x1
4] LET Telen2
142 LET T=1443
P43 LET T=TeXa
150 PrRINTD T

This wouldn’t be a very efficient way to write the program, but it does serve to illustrate
the point. To show a useful purpose for such instructions, let’s take a look at a program
“100}3.”

Where the same operation istobe performed many times in the course of a program, looping
greatly reduces the length of the program. For example, in a program to {ind the squares
of numbers from 1 to 10 we might write:

100 PRINT “xm, oxezt
P10 LET K=y
120 LET Alsk+2
130 PRINT Aail
140 LET X=X+l
150 G2 T2 120
993 END

In this case, the program sets the initial value of ¥ to 1, squares ¥, and prints X and X
squared. It then adds 1 to X (making X = 2) and goes back to program step 120 to repeat
the process. X is increased by 1 each time the program goes through the loop. This
program would continue indefinitely, of course. We can stop it in one of two ways--either by
interrupting it at the appropriate time. or by inserting another instruction as follows:

{41 IF X211 THEN 999

bal IF X>10 THEN 999

Where the “>” gymbol is the mathematical ‘greater than’ symbol. This statement means
“if ¥ is greater than 10, then go to the statement numbered 9997.



197.

s

In this case, when the loop has beentraversed enough times so that X = 11, the program will
pranch to 999 (jumping over instruction 150) and stop.

Anytime we use a program loop, we must plan on a way for getting out of the loop. Other-
wise, the computer le continue to run around the loop indefinitely. When prinhng is not
taking place, we can interrupt the program by typing ST@P. When printing is occurring,
depress the Break key to interruptthe program. But no program should rely on user manual
intervention to get out of a loop. There are two customary methods for this purpose:

1. Include a READ instruc_tion as part of the loop. The computer will use successive
values from the DATA instruction lines until all values are used up, at which time

it will stOP, and print: @UT @F DATA IN XYZ (where XYZ is the line number of
the READ instruction). :

9. Include in the loop a “conditional branch” instruction (IF .... THEN PQR). In fhiS»
case, when the given condition is satisfied, the computer will branch to the in-
struction whose line number is PQR. PQR may be the line number of an END state-

ment, a STPP statement, or simply another instruction in the program, outside of '
the loop.

The condition for branching can be in the form of a test. For example: IF X =0,IFX<0

(if X is negative). IF X > 10, or some similar condition. We can also test to see whether X
is positive by writing: IF X > 0.

The G@ T@ and IF .. THEN instructions may be used for other purposes besides forming
and getting out of loops. The instruction line number specified in the G@ TG and IF...THEN
statements may cause the program to transfer to either an earlier or a later instruction.
ror example, if a program requires taking the square root of a negative number, the com-
puter will perform the computation as if it were a positive number, but will automatically
print out a “warning” andterminate execution. For example: SQUARE RPGT @F NEGATIVE
NUMBER IN 50. If we don't want that warning printed out, we can avoid it in this manner:

140 IF P<0 THEN 152
150 LET @eSux(P)
151 GO g 160 o
152 LET @SGR{=P)
153 G@ T@ 160

It this example, if P is a positive number or zero the computer ignores statement 140,
computes SQR (P) in 150, and goes to 160 as a result of instruction 151. If P is less than
zero the program “jumps over” instructions 150 and 151 and computes SQR (-P) in step
152. Since P is negative, -P is positive, and we won't get the warning printed out. Step 153
causes us to go to 160 as before, so we end up at 160 by either route.
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Section 7. Correcting a Program

“To err is human”----and we all make anoccasional error. Here is how typing and program
errors may be corrected.

To correct aline, retype it correctly using the original line number and end it with a carriage
return.

To delete a line, retype the line number only, and follow it with a carriage return.

I you type an incorrect character and notice it right away, type the “backwards arrow”
(=—). Then type in the correct character. This will not, of course, erase the character
from the page, but it will delete the character from computer memory. For example: 120
LEX =T X=3will come outas “LET X=3". If you have mistyped several incorrect characters,
type —<—once for each incorrect character (including spaces) thentype in the correct charac~
ters. If youhave typed many characters incorrectly, you may delete the entire line by press-
ing the control and ¥ keys simultaneously. The line will then be ignored by the computer.

¥ you find you have forgotten an instruction several lines back, just retype it with the
correct line number. The computer will automatically rearrange the instructions into
the proper numerical sequence.

I you are a poor typist, the program may look messy by the time you get through, with re-
typed and deleted lines and backwards arrows. Don’t worry about it. Just type LIST, fol-
lowed by a carriage return, and the computer will print a nice clean copy of your program.

Once you are sure your program is correct, type RUN followed by a carriage return. The
computer will then run your program. It may type out one or more error messages, for
example:

NG DATA (You have put in a READ statement but forgotten to type a DATA statement.)

ILLEGAL F@RMULA IN 190 (Maybe you put LET X = 5R, instead of LET X = 5*R.)

Careful examination of the error messages and checking your instructions will enable you
to quickly correct your program to the point where it will run correctly. Don’t spend long
periods of time at the terminal just thinking or making wild guesses as to what the trouble
might be. SAVE your program, type in BYE and depress the RETURN key. Then go back to
your desk and analyze the situation. Once you have determined the answer to the problem,
g0 back to the terminal, recall your program, and make corrections.
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Unless you SAVE your program, the computer will “forget” it as soon as you “sign off.” If

you want to have the computer “remember” your program, you must type SAVE, depress
RETURN, and wait for the computer to answer READY before you say BYE.

To recall a savec_i progrgm. ask for an @LD program and type in the file name in response
to the computer instruction LD FILE NAME. When the computer has found your program

it will type READY. If you subsequently wish to UNSAVE the program, type UNSAVE and
depress the RETURN key.

I you forget which program you have saved, type CATAL®G, followed by a carriage return.
The computer will list the names of all the programs saved under your user number.

If you want to start a new program, simply type NEW, followed by a carriage return. This
may be done at any time. The computer will then ask: NEW FILE NAME-~type in your new
program name and the new program.

RENAME is another command that may be useful when you wish to slightly modify an existing
program, but still retain the old program. First SAVE the existing program; then type
RENAME, and depress the RETURN key. The computer will ask for NEW FILE NAME,
vou may then type in the newname and modifly your program, since the original program has
been saved under the old name. Your modified program may be saved under the new name.

By now you should be able todotwo things: write simple programs in BASIC and understand
most of the material in the more advanced BASIC Language Chapter. To increase your
understanding, try to understand the program logic of the sample problems in the next
section.
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Construction Cost Estimating

Program Listings
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9909 UPTIDN QSUB

1 000
tOUl

LO10
1020
1030
1040
1050
1060
1065
1066
1070
1 00

110
| 20

~ oUW
ooccc

A
SISy

oCccCcocccooccccocCcoc

\/‘

O T~wo bW —~C

Ui b L
S OO

60
10

QU
HO

2B Wl b ol (o e e e IV RS U N RO N IO PO I D e e o e e

f

Sk
e
o

FILES INPUL3D36413D3653D3675Di1SCs SCRPADSUSAGE*

FILES MATFILE

SCRATCH #2

SCRATCH #3

SCRATCH #4

SCRALCH #5

SCRALCH #6

APPEND #7

SCRALCH 8

FILE :8,u%n |

DI £5(20), (2093)gG(lO,S)$X(15)95(2093),N$(2O)9L(2O),M(ZO)
DLM W(20,4) ,C(20,17) ,UC20,11) ,W$(20) ,0(10,3)

DIM W(20) ,H(10,8) ,K(10,5) ,R(10,2) (B(10,3),V(100)

READ #1.AS(1)  #READS LN FIRST LidE OF ESTIMATE [11LE”
READ #1,33(1) “READS IN SECOND LINE OF ESTIMATE TITLE/
READ #1,5(1) ZREADS Id ESI TYPE, COMBINED=1, OH=2, UG=37
READ #1, E(5) JREADS IN ROUNDLNG FACTOR~

READ #1,£5(1)  ZREADS IN FURMAT TYPE; R&E OR BILLING

READ #1, E(6),E(7),E(8),E(9) #READS IN COSTS

WRITE #5, £(0),E(1) ,E(8) ,E(9) #WRITES LUblS’

READ #1,65(2) “REQUESTED VERBALLY (YES/ND)”

READ #1,65(3),Es(4) 2ITHER REQ BY & LOC OR DATE & DICTATOR”
READ #1,E$(5) S (6) ,ES(7) ,ES(8) ,ES(9) ,ES(10)

ARITE #5,E5(10) “

R DATE, EST NO.,TOWH, DIV., PREP BY, SK NO.

READ #1801 Y (1) ,in(2) ,Y(2) ,#M(3),Y(3)

Re CUR MO,CUR YR, JUB ST M0O,JUB ST YR, JOB END “0,J0OB END YR
READ #1,E(3),E(4)  #U.t., U.O. HITHDRAWAL HOURSZ

READ #1, E(2),E(10) 2 OF OPERATING MANHOURS

READ #1.68C11) DO YOU WANT A MATERIAL LIST(YCS,. u>/

READ #1,Es(12)  20U0 YOU WANT A SUMHARY (Y£ES/dQ) 7

ARITE #5,:8(11) ,ESC12)

LT AS(2)=UnUS

LET AS(3)=DALS

LET AS(4)=CLKS

ARITE #7,A5(2) yAS(3) ,AS(4) ,ES(8) ,E$(6)

LET £(2)= (Y3 *12+M(3))=(Y(2)*12+4(2))) 7:ST TIWE TO COMPLLETE~
LET ZC1)= (O (2) %1 24H2)) = (Y (I % 1 2+6 (1)) +2(2) /2)  2ESC'FACTUR~
ARTTE #5,ZC1)3ECH) 3B 5E(S)

[F E(1)=3 THLN 1890

READ #1 A(l) sNUMBER UF LINES OF POLE DATAZ

ARITE #2,X ()

IF X(1)=0 fHLd 1460
WRITE #2, Z0D)5EC) sESCI) 512(9)
FOR I=1 TO X(1)

FOR J=1 TO 3

READ #1,P(1,4) “READS IN POLE DAIA”
ARITE #2,°(1,J)53

HEXT J
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NEXT I
READ #1,TC1)  +JUINT POLES FOR TELCO TRANSFER CHARGES~”
WRIT: #2,TC1)
READ #1,X(2) /NUMBER OF LINES OF GUY & ANCHOR DATA’
aRITE #3,X(2)
IF X(2)=0 THEN 1560
WRITE #3, Z(1),EC1) ,ESCI) ,E(5)
FOR J=1 TO 8
READ #1, V(J) sREADS IN GUY AND ANCHOR DATA’

1 8v0
1900
1910
F9ih
1920

NRITE #3,V(J)s  “dARITES GUY & ANCHOR DATA TO D365~
NeXT J
READ #1,X(3) sNUMBER OF LINES OF SWITCH & RECLOSER DATAZ
WRITE #3,X(3)
WRITe#5,X(3)

IF X(3)=0 THEN 1690
wRITe #3, ZCEYsECIYsES(I)Y sE(D)
ARITE #5, Z{1)sECI)sESC) s2(5)
FOR I=1 [0 X3
FOoR J=1 TU 3
Re=AD #1,S(I,J) “ZREADS IN SWITCH & RECLOSER DATA”
WRITE #3,5(1,J)5%
NRITL #5,5(01,J)3%

NEXT J
NLXT I
READ #1,X(4) NUMBER OF LINES.OF SeRVICE WIRE DATAZ
WRITE #5,%X(4)

IF X(4)=0 THEN 1790
ARITE #5, ZC1ysECI)YsES (1) sE(S)
FOR I=1 [UO X{4
FOR J=1 TO 4
READ #1 ,04(14J) “READS IN SERVICE WIRE DATA”Z
WRITe #5,wW(l,J)3  “WRITES SERVICE wWIRE DATA TO DYISC”
NexXT J
NEXT I
READ #1,X(5) ZNUMBER OF LINES OF PRI & SEC CABLE DATAZ
WRRITE #3,X(5)
IF X(5y=0 THEN
aRITL #3, Z21),
FOR I=1 TO X(5)
FOR J=1 TO 17
READ #1,C(1,0) ’REAQS IN PRI & SEC CABLE DATAC
WRITE #3,C01,J)s  swRITES PRI & SEC CABLE DATA T3 D365~7
NEXT J

885
(1) EsC1) (D)

1

NEXT I
IF E(1)=2 THEN 2470

READ #1,X(6) sNUmMBER OF CONDUIT & TRENCH LINE DATA”
ARITE #4,X(6) ‘ ‘
[F X(6)=0 [N 1980

ARITE #4,201) JECT) ,ES () L(B)

FOR I=1 T0O X(6)
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1930 F =l to 5

1940 éEKDJ#X,G(I.J) sREADS IN cOsDUIT & TRENCH DATA-

1950 ARITE #4qG(f9J) vWRITES CONDUIT & TRENCH DATA [0 D3677
1960 NEXT J

1970 NEXT I N

1980 READ #1 ,X(7) #READS NUMBER OF LINES“ST@LIGﬁiiNu’

1981 wRITE #4,X(7) “#WRITES ST, LIGHT DATA TU D367~

1990 IF X(7)=0 THEN 2060
1995 WRITE #4,2(1),EC1) ,Es(1),E(5)

2000 FOR I=1 [0 X(7)

2010 FOR J=1 TO 8

2020 READ #1 ,H(I,J) 2READS IN SI. LIGHT DATA”
2030 WRITE #4,H(I1,J)  2dRITES ST.LIGHT DATA TO D3677
2040 NEXT J

2050 NEXT I

2000 READ #1,X(8) “NUMBER OF LINES OF UG CABLE DATAZ
2061 #RITE #4,X(8) “WRITES U.G. CABLE 10 D3677

2075 IF X(8)=0 THEN 2150

2080 WRITe #4, ZC1)3ECI)5ES(1)E(S)

2090 FOR I=1 TO X(8)

210U FOR u=1 TU 1]

2110 READ #1,UCL,J) ~#RLADS IN UG CABLE DATA”

2120 WRITE #4,0¢1,J)3 “WRITES UG CABLE DATA TU D367~
2130 NEXT J

2140 NEXT 1 ~

2150 READ #!,%X(10)  7READS NUMBER OF MANHULES”

2151 aRITe #4,X(10) “WRITES MANHOLE DATA TO D367~
2160 IF X(10)=0 THEN 2230

2165 WRITE #4,2(1),EC1) ESC1) ,E(5)

2170 FOR I=1 TO X(10)

2180 FOR J=1 TO 5 :

2190 READ #1,K(1,0) ZREADS IN MANHULE DATA”

220U WRITe #4,X(1,J)  2WRITES MANHULE DATA TO D3677
2210 NEXT J :

2220 NEXT I :
2230 READ #1,X(11}y  2READS NUMBER OF STANCHION ITEMS”
2231 WRITE #4,X(11)  7WRITES STANCHIOW DATA 10 D367~
2240 IF X(11)=0 THEN 2310

2245 WRITE #4,2(1) ,E(1) ,ES(1),E(5)

2250 FOR [=) TO X(11)

2260 FOR J=1 TJ 2

2270 READ #1,R(I1,J)  sREADS IN STANCHION DATA”

2280 WRITE #4,R(1,J) 2wRITES STANCHIUN DATA TO D367~
2200 NEXT J

5300 HEXT I

2310 READ #1,X(12)  4READS NUMBER OF PILCE-QUT ITEMS”
2341 WRITE #4,X(12)  #WRITES PLECE~-QUT DATA TO D367
2320 IF X(12)=0 THEN 2390

2325 ARITE #4,701),EC1) ES (1) ,E(5)

2330 FOR I=1 TO X(12)
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2340
2350
2360
2370
2380
2390
2395
2400
2405
2410
2415
2420
2424
2425
2430
2435
2440
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
20630
2640
2650
2660
2670
2680
2690
2700
2710
2120
2730
2740
2750
2760
2770
2180
27920

A SADS IN PIECE~OUT DATAZ

READ #1,B(I,J) “READS IN PIECE- A

wg?Ta #4.8(1,0)  sWRITES PIECE-UUT DATA TO D367¢

NEXT J

NEXT I o )

READ #1,X(13) /READS NUMBER OF U.G. DEVICES’

WRITE #4,X(13) SWRITES U.G. DEVICES TO D367~

[F X(13)=0 THEN 2470

ARITE #4,2(1),EC1) ,ES(1),E(5)

FOR I=1 TO X(13)

FOR J=1 1O 3 ) o
READ #1 ,N(I,J) /READS IN U.G. DEVICES EXCEPT TITLES’
ARITE #4,N(L,J) SWRITES U.G. DEVICES TO D367

NEXT J _ o

READ #1,5s(1),Ts() sREADS IN U.G. DEVICE TITLLES”

ARITE #4,55(1),Ts(l)  “wRITES U.G. DEVICE TITLES TO D3677
NEXT I

READ #1, X(9) FREADS IN MISC. ACCTS.~*

SRITE #5, X(9) s wRITES MISC. ACCTS.”

IF X(9)=0 THEN 2560

WRITL #5, ZC1)FECH 3ES(1) 5E(5)

FOR J=1 TO X(9)

READ #1,Q(J),N3(J) ,Ms(J),L(J) ,H(J)

REM THE ABOVE READS IN ACCT NO.,DESCRIPTION,LABOR,MATERIAL...
WRITE #5,00J0) 3N () sk (D) 5L s M) .

NEXT J

DR TN 1 o e oo e ot e e e e b

PRINT Mo mmmmrmome S T

PRINT

PRINT

IF ESCl)=tR" THEN 2720

PRINT "HAME: "3A5(1)

PRINT

PRINI WLOCATION: "3B$(1)

PRINT

PRINT “NATURE OF wORKs RELOCATION OF DISTRIBUTION FACILfTIES Taw

PRINT @ MAINTAIN pLECTRIC SERVICE.M
PRINT

PRINT vTYPE UF WORKe®

PRINT

PRINT TAB(25)s"DETAIL OF ESTIMATE"

GO Tu 2730

PRINTUEST. NU.Y3ES(6) 3" DIVISION: MikEs(8)

PRINT ~

PRINT

PRINT

IF Es{l)y=u" THEN 2780

PRINT TAB(2) 3 "ACCT. "3

PRINLD TAB(Y) s BQUANT M TAB(25) s ITEMY 5

PRINT TAB(50) s "LABURMSTAB(58) s WMAT L. s TAB(OT) s " TUTALY
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2800
23810
2820
2830
2840
2850
2860
28%0
2900
2920

5

IF Es(l)y=43" THEN 2820
PRINT TAB(3)sHNO."$

PRINT TAB(H8) s "&EXP."

PRINT

ON E(1) GOTO 2850,2850,2890
CHAIN ®E30641xH

STOP

CHALW "E367 %!

STap

END

E3644s 05/08/74

099 OPTION QSUB

o e NN

oCcuvococlcocoln—~C

A DU NN = e o e e
N —C OV T ~OUh

FILES POLES;3;D3641 5COMINFOsSCRPAD MATFILE

DIn U(20,3)

SCRATCH #4

SCRATCH 35 |
QEM POLES CONTAINS DATA ABOUT COST AND SETTING TIMES FOR wOOD POLE
REM D3641 CONTAINS USER DATA FOR POLE ACCOUNT ©364.

REM COMINFO CUNTALNS DATA USED BY ALL THe ESTIMATE PROGRANMS

REK SCRPAD CARRIES INFO FROM PROGRAM TO PRUGRAM

READ #3,0,C(1) ,MCT) ,LO1) ,M(2) ,X5,X5,X5,X5,X5

FOR I=1 TO 19

READ #3,10

NEXT I

READ #3,DI

REM D=LABOR RATE, C(1)=TELCO TRANSFER CHARGE, L(1)=LABOR LOADING
REM RATE, M(1)=MATERIAL LOADING RATE, B=COST OF BLASTING PER HOLE
REM M(2)=PULE MAT LOADING

READ #2,X ZX=NUMBER OF LINE OF USER FOLE DATA”

IF X<1 THEN 1740

READ #2, Z2(1),2(2),25(1),7(3)

IF Z25(1)<>vpn THEN 1130

LET L=DI

DEF FNACL=INT((Z) /2(3)) +,5)%2(3) #ROUNDS TO $10 OR $1007

FOR I=1 TU X “POLE SETIING & MATZL COSTS ARE CALC/D INSIDE LOOP”
RESTURE #1  #SET FILE POLES [0 FIRST DATA ENTRY”Z

RUAD #2,UCI,1),UCI,2),UCL,3)  “READS I USLR DATA, wHERE

RbM UCI,1)=PULE CODE, U(I,2)=AMOULT ST, U(I,3)=[YPE UF SET

LET K=U(I,3)  K=TYPE OF SET #HICH CORRESPONDS TO COL.4&5 IN POLE
READ #1,PC1),P(2),P(3),P(4),P(5)

REM P(1)=POLE CODE,P(2)=C0ST,P(3)=REAL STOCK CODZ,P(4)= MACHINE
IF EnD #1 THEN 1280

RUM SUT LABOR HRS., P(5)=HAND DIG LABOR HRS.

IF PCIY<>UCI, 1) THEN 11907FILE SEARCH TO FIND PROPER DATA IN POLES
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1230 REM wHICH CORRESPONDS TO SIZE & CLASS OF POLE US:R WANTS TO SET
1235 ARITE £5,P(3)5U0CL,2)3 ; \

1240 LET A=A+U(I,2) sKEEPS SUM OF TuTAL AMT. OF ALL POLLS USED~’
1241 IF U(I,3)<>6 THEN 1250

1242 LET W=M+U(I,2)*X5+U(I,2)%P(2) “r0Le COST + BLASIING CHARGE”
1243 LET H=H+U(I,2)*P(4)

1244 GO TO 1270

1250 LET 4=M+P(2)%U(I,2) *TOT MAT/L COST =UNIT COST * NUM OF UNITS”
1251 IF Ul ,3)<>7 THEN 1260 '

1252 LET d=H+U(l ,2)%P(5)+U(l,2)%5

1253 o0 T 1270 _ ,

1260 LET H=H+U(I,2)*P(K) “LABOR HRS=nNUM OF SETS TIMES LABOR HOURS”
1270 REM FOR K THe DESIRED INSTALLATIUN METHOD -

1278 NEXT I

279 60 Tu 1290

[ 280PRINTUNO MATCH IN FILE POLES FOR CUDE";UCI, D)

1281 STOP

1290 LT M=FNACM4) ?ROUNDS WMAT L COST TO NEAREST TEN DOLLARS”
1300 LET L=H%D 7L ABOR CUST=LABOR HRS TIMES LABOR RATE~’

1310 LET L=FNACL) ~ROUNDS LABOR COST TO NEAREST TEN DOLLARS”
1320 READ #2,TC1) dUMBER OF JOINT POLES FOR TELCO TRANSFER CHARGES”
1325 [F Zs(l)y=vg" THEW 1350

1 330 LET T=T(1)%C(1) ~“TRANSFER CARGE = # POLES % CHARGE PER POLEL”
1340 LET T=FNACD sRUUNDS TELCO TRANSFER CHARGE TO MzAREST TENZ
13950 DEF FNR(Y)=CH =INT(LUG(Y+1)/2.30259))

1360 DEF FES(Y)=(52=-INT(LOG(Y+1)/2.30259))

1370 DEF FalT(Y)=(6]1-INT(LOG(Y+1)/2.30259))

380 DEF FNUCY)Y=(70=INT(LOG(Y+1)/2.30259))

390 DEF FNB{X,Y)=Z{1)*(Xx,007+Y*.007) “LABOR ESCALA[ION”

400 DEF FNC(X,Y)=Z(1)*(X*x.,003+Y*,007) *MATERIAL ESCALATION”

410 LET M(3)=M+T 2ADDS TELCO TRANSFER CHARGES INTO [OTAL MAT~’
420 LET w(ly=LxL(1) ~<LABOR LOADING t364.17

1430 LET w(2)=unxii(2) “MATERIAL LOADING 364.17

44y LLT 2(3)=FNB(L,EC1)) “LABOR LESCALATION E364.17

1450 LET e(4)=FNC{M,E(2)) ~“MATERIAL LUADING 364.17

1460 FOR I=1 1O 4

F470 LET e{I)=FHA(ECI))

1480 NEXT I

490 LT TOhy=L+EC1)Y+E(3) sTOTAL LABOR COST+ESC+LOADING”

1500 LET £(2)=M(3)+E(2)+£(4) +TOTAL MATERIAL COST 364,17

1510 IF L+M+T<l THEN 1740

520 LET Q=3

525 IF Zs(h)=ug# THEN 1721

1530 PRINT YE364,111%;5

1540 [F L+i<l THEN 1580

1550 PRINLD TAB(FNRCAY) 5A5TASC1I8) 500D POLESY;S

560 PRIND TAB(ENS (L)) sLsTAB(ENT(M)Y) 514

1570 LET u=Q+|

1580 IF T=0 THEN 1610

1590 PRIND TAB(I8)sHTELCO TRAHSFER CHARGES"sTAB(FUT(TY) 3T
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4 L =+ .
;g?g iﬁ?u% %Ag(18)$”LDADING (LEUsL(1)%100. 3 "%==M2" M (2) %100, 5121 "5
1620 PRINT TAB(FNS(EC1)))3ECH) s TAB(FNT(E(2)))5E(2)
igjg &E?N% %Aé(lB)S“ESCALATIDN“sTAB(FNS(E(B)));E(3)%TAB(FNT(E(4)));E(4)
1650 LET Q=Q+]
1660 PRINT TAB(44) 51 —mmm o e o !
1670 LET Q=Q+]

680 PRINT TAB(18)31SUB TUTALY; TABCENS(T(1) )3T 5
90 PRINT TAB(FNT(T(2)))51(2) s TAB(FNUCT(D)+T(2))) 3T +T(2)

0 PRINT
8 LET Q=Q-+]

v GO TO 1730

20 IF L+4<] THEN 1730 |

1721 PRINT TAB(FNR(A))3A3TAB(18)5"WOOD POLES"3

1722 PRINI TAB(FNS(L)) sL; TAB(FNT (M) 3M

1 730 WRITE #4,L3M(3)3E (1) sE(2)3E(3)5E(@) T 3T(2) iH3Q
1740 CHAIN ME365¢%"

| 750 STOP

1760 END

0O LET u=Q+]
1
|
I

E365u$ 05/08/74

099 UPTION QSUB

1000 FILES D36530HCABLEsBRPTOPsCOMINFUsDMISCsGYANSH s NAMES3 s MATFILE
1001 READ :8,106

1002 IF EwnD :8,THeN 1006

POO3 RESTURE 8

004 APPEND 3

|

1005 GO TU 1010

| 006 SCRALCH 38

1010 READ #4,D01),CC1) ,E(2) ,F(3),F(4),F(5),F(6),F(7),F(8)
1011 FOR 1= | TO 21

1012 READ #4,D(0)

1013 HEXT 1

1019 APPEUD #5

1020 DI U(20,20) ,4(50,8) ,1$(20) ,M$(50) ,P(100)

1030 DIM H(30),L(30),1(30),T$(30),Y(50,3),5(10,3),Q(30)
Tu40 DIM A(30)

1110 READ £1,X2

1120 IF X2=0 THEN 1190

1130 READ #1, 2(1),2(2),72$(1),72(3)

1140 FOR [=1 TO X2

1150 FOR J=1 TU 8

1160 READ #1,3(J)  “READS IN USER GUY & ANCH. DALA”
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F170 HEXT J

1180 NEXT I )

1190 READ #1 ,XI sNUMBER UF LINES OF SWITCH DATA”

1200 IF ¥1=0 THEN 1270

1210 READ #1, ZU1),Z2(2),Z2s(1)42(3)

1220 FOR I=1 TO Xl

1230 FOR J=1 TO 3

1240 READ #1,S(I,J) ZREADS IN USER S#ITCH DATA”

1250 NEXT J

1255 WRITE 28,S5(1,1)35S501,2)3

1 260 NEXT I

1270 READ #1,X

1275 IF X+X1+X2<1 THEN 3850

1280 IF X=0 THEN 1575

1290 READ #1, 201)42(2) ,Z2s(1)4Z2(3)

1300 FOR I=1 TO X

1310 FOR J=1 TO 17

1320 READ #1,U(I,J) ~“READS IN USER CABLE DATA~”

1330 WEXT J

1340 LET Q(I)=¢UCI,3)*100)+(UCI,4)))

1350 §EXT I

1360 [F X2+X1+X>0 THEN 1380

1370 STOP

1330 [F Zs(l)y<>uBs THEN 1385

1382 LET po(l)y=D0) :

1384 DEF FNA(Y)SINT Y)Y /243y +.5)*2(3) #ROUNDS TQ 510 oR $1007
1385 FOR =1 TUO X~

1 390 FQR Is=I+1 TO X

1400 ReM THIS ROUTINE CHECKS FOR LIKE CABLE INSTALLATIONS & ADDS
1410 [F UCI,13)>1 THEN 1570

1420 IF UCI5,13)>1 THEN 1560

1430 [F UCI5,1)=0 THEN 1560

I 440 IF UCL,1)<s>UCIB 1) THEN 1560

1450 [F Q(IY<>Q(I%) THEN 1560

ld4o0 LET Ko=UCL,2)y/7(U(I5,2)+UCL,2))

1470 LET UdIb,1)=0

1480 LiET UL, 2)y=UCl,2)+U(l5,2)

1490 FOR J=5 TO 12

1500 LT ucl,d)=UCl,y+UCIBs,J)

1510 NEXT J

1520 FOR J=t4 TO 16

1530 LET Ul Jy=KoxU(Ll ,J)+(1=-K8)*xU(I5,0)

1540 NEXT J

P LET UG 7 =Kb*«U(I ,17)+(1=KB)*UCI5,17)

Ibaeu pfeXT I5

1570 HEXT I

1575 REM THIS LINE HOLDS POSITION FOR INTERNAL LINE REFuRENCE
1580 DEF FoB (X, Y)=Z1)%x(,007%X+.007xY) sLABOR ESCALATTON”Z
1590 Db FAaCX,Y)=201)*%(,003%X+.007%Y) “dATERIAL ESCALATION?
16u0 FUR I=! TO %0 .

THEM
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1610 IF GiD #2 THzN 1680

1620 READ #7,%$(I) “READS IN OH CABLE NAME’

1630 LET N=N+|

1640 FOR J=1 TO 8 ,

1650 READ #2,4(1,J) #READS IN UHCABLE TABLEZ

1 660 NEXT J

1670 HEXT 1

1680 FOR I=1 TU 50

1690 IF END #6 THEN 1750

1700 LET NI=NI+I

{710 FOR J=1 TO 3 | |

1720 READ #6,Y(1,J) ~“READS IN GUY ANCHOR AND SWITCH DATA’

1730 NEXT J

1740 NEXT I.

1745 [F X2=0 THEN 1840

1750 LeT H(25) =(B(3)*Y (6,3) +B(4) %Y (7,3) +B(5)*Y(8,3) +(B (&) +B(7))*Y (9,3))
1760 LET A(25)=(H(25)% (2% (1=B(8) ) +(H(25)%B(8))

1770 LET H(25)=H(25)+B(1)%Y(2,3)+B(2)*Y(2,3)

1780 LT L(25)=H(25)+D(1) “LAB HRS GUYS ANCHORS £364.27

1790 LET 11=H(25)

1500 LT a(25)=8(1)%120%Y(2,2) +B3(2)%45%Y (2,2) +B(2) %Y (3,2)*.6

1510 LET m(25)=M(25)+B(2) %Y (3,2)%.4+(8(1)+B(2))%Y (5,2) +B(3)*Y(6,2)
1320 LET M(25)=M(25)+B(4)*Y(7,2)+B(5)*Y(8,2)+(B(6)+B(7))*Y(9,2)
1830 fik M(25)=HAT/L COST GUYS ANCHURS £E364.2

1834 aRITe $8,YC1,1)35B(1)*120%.85;

1335 WRITE $8,Y(2,1)38B(1)%120%,155Y(2,1)3B(2)%455Y(3,1)33(2)*.63
1836 aRITE £8,Y(3,1)5B(2)%.43Y (5,10 3BC1)+3(2)5Y(6,1)33(3)5Y(7,1)35B(4)3
1837 wRITE $8,Y(8,1)3B(5)3701013B(7)3Y(9,1)35B8(6)3

1 338 RITE $8,766333B(3):7663438(4)37663658(5)+B(6) 3

1840 FOR I=1 TO X ‘

1850 FOR J=1 TO N+l |

1360 1F U(I,1)=0 IHEN 2680

1870 IF G(L,1)<>u(J,1) THEN 26707MATCHES USER STK CD & TABLE STK CD*
| 830 RLUSTURE:3

1831 LiST 12=H4=0 ~“INTIALIZES LABOR HRS FOR CABLE INSI TO ZERQ”
1890 LET ws(I)=4$(J) “AMES THE CABLE” |

1895 REM UHE ROUTINE BELOn TESTS FOR CABLES PURCHASED UN | PHASE REFLS
596 REM AND ADJUSTS THESE FOR AMOUNT UF PHASES TO BE INSTALLED...
395 LET wi=U(l,2)

Todu IF U(I,1)=31835 THEN 1910

1oul IF U(L,1)=31825 THEN 1910

Jou2 I8 UL, 1)=30356 THEN 1910

1ou4 [F U(L,1)=30363 THEN 1910

lvuo [F UCI,1)=30367 THEN 1910

lvug GO Tu 1930

1910 IF UCI,4)=7 THEN 1930

1920 LET J(L,2)=U(I,2)*U(l,3) ‘FOOTAGE ADJ FOR IHOSE CABLES ON | PH REE
1930 LT HI=INLCUCL,4))  #TAKES THE INTEGER OF CONSTRJICTION TYPE?
1035 18 UCL,13)>1 THEN 1940

1936 wRITE :8,u(J,1)30C1,2)5 “SEHUDS CABLE INFO 1O MATERIAL LIST”

- 209 -
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1040 ON (H1=2) GO TO 1950,1970,1990,2010,2010,2010,20107NAMES CONST Ti
1950 LET Ts(l)y=uQnaA?

96U GO Tu 2020

1970 LET Ts(I)=40n4

198U GO Tu 2020

1ov0 LET Ts(I)=uspn

2000 GO Tu 2020

2010 LET Ts(l)y=un,,u , ‘ :
2020 LET F(I)=UCL,14)%U(L,15)%U(I,16) <TOT INS FACT.=GAIN F*REP F*INS
2030 IF F(1)<>0 TH&N 2050

2040 LET F(1)=l

2050 IF HI=7 THEN 2120

2000 LET P(O)=((U(I,3)+1)/4) “ZPHASE FACTUR USED TO ADJ INS HRS”

2070 REM H4 IS THE LAB HRS WEEDED PER CABLE TO BUILD D.E.”S, VERT TRNS
2080 LET H4=(UCL,7)*F(O)+U (L, 9)*F(TY+UCL, 10)*F(5)+UCT, 11)*xF(8))*P(0)*F
208Y ReM LESTS FOR REINSTALLATION CODE

2090 IF UCL,13)>1 THEN 2123

2100 LET H2= ((DI*n(J,HII*F (1) *1E=-3)%P(0)) “PULLING HRS PER CABLE”
2110 G0 Ty 2130

2120 LET H2=(U (I ,2) %1 E~3%n(J,HI)*F(1)) 2SECONDARY PULLING HRS PER CAL
2122 60 Tu 2130

2123 LET H2=0 2SETS PULLING HOURS TO ZERO FOR REINSTALLATIONZ
2130 LET L(D)=(H2+H4)*D(1)

2140 LET LOI)Y=FAACLCI)) :

2150 LET H={+H2+H4  sACCUKULATES LABOR HRS FOR ALL CABLE INSTALLATIONS
2160 IFUCI,13)>1 THEN 2220

2170 LET sa(I)=UCI,2)%/4(J,2) “MATERIAL COST PLR CABLE E365”

2180 LET M(ID)=FNAMMCI))

2190 IF Hl<>5 THEN 22207TESTS FOR SPACER CABLE” :

2200 LET w(D)=a(I)+(DI*,15+U(I,5)*40%.15+U(L,5)%3) 7CIST MESS.GRDS,RDS
2205 ARITE 28,3511535D13  “aRITES KESSENGER TO MATFILE(C

2206 WRITE 8, 3!1243U(I95)*40376652.U(I 5)  2GRD WIRE GRD RODS”

2210 LET MCLY=FHACMCI)

2220 LET T(i);lii)%L(I) <TOT LAB $ ALL CABLES E3657

2230 LET ACIY=ACIY+L(I)  2ADDS LAB $ FUR SCRPAD~”

2240 LET T(2y=r(2)+M(I) ~“T0T MAT $ ALL CABLES E365”

2250 LET A(2Y=A2)+M(L)  2ADDS MAT s FUR SCRPAD”

2200 LET H3=UC(I,3)*100)+U¢l,4)) “CALC OF Ph\b[ CONST. CUDE FROM USE
2270 LET £5(9)=k(9)+(U], z>¢d(1 17)%3) sTREE TRIMMING 2

22380 REM ALL V) V&Lwa BELOYW REFER 10 AMOUNT OQF DIFF POLE TUPS IN US
2290 REM DATA. THESE VALUES ARE REFERENCED IN THE POLE TOP CONS ROUTI
2300 LET V) =U(l,5)=(U(L,6)+UCl,7)+U(I,8)+UCI,10)) “HORMAL PULES”
2310 LET v<o>=(uc175>~1) 2SPANS FOR SPACER CABLE~”

2320 LET Vv(2)=U(1,6) “EXT BRKT PUOLES”

2330 LET V(3)=U(I,7) *VERT TURN POLES”

2340 LET v(4)=U(I,8) “1TURN BRKT POLES”

2350 LET V(5}:U(I?9) sRISER POLES”

LD V(6)=UCl,10) sDEAD END PULES~”
LET v =uCly 11y 2JUHCTION PUOLES”
LET v8)=U(l,12) “AkRcSTOR LOCATIONS
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2300 LET vV(9)=0 78RO QUANTITY POLE TOP”

239 : =5 THEN 2400 . e N

2§3£ igl¥é ?Bfg];24;V(8)*40;7éé52;V(8) #GRDS FOR ARRESTER POLES”

2400 ReSTurE . : .

24@% Iéou??%4):7 THEN 2680 *TESTS FOR SEC CABLE INST”

ii;g éEiDié,g(l) sREADS IN PTOP FILE UNTIL MATCH IS FOUND IN 18T LINE“
2430 LET I1=I1+] e T T

2$58 I; Fap:3 THEN 2660 ¢TEST FOR END OF FILE CONDITION?

2460 IF Iul(P(1)*10+.5)<>INI(H3%10+.5) THEN 2420

2465 SETW 3 TO I1*81+]

2466 FOR I1=1 TO 8l

2467 READ:3,P(II)

2468 HEXT I

2469 SETW 3 TO |

2470 FOR K=3 TO 81 STEP 4

2480 IF K>3 THEN]2550 Cs0TESTS FUR REINS. CODEZ

24 9 = 13)y=1 THEN 255 £ R OREINO. i .

Ségj éimufﬁé ABS QUATITY BELOv TESTS FUR REINS OR RECJNS REQUIRED

2510 IF ABS(UCI,4)=U(I,13))>.15 THiN 2550

2520 FOR lz2=1 10 20 - B )
2530 READ O /DUMMIES OUT FIRST LINE OF POLE SEQ DATA 1O ALLOA FOR REINS”
2540 HEXT 12

2550 READ JI V o

2560 DATA )7;16’695g595,894?3?3,l,174@2gl9096,3,8 fNUHM PUL@ Sgoz
2570 DATA 9,9,9,9,5,5,8,8,4,9,9,9,9,4,2,1,0,6,3,8 ZREINS POLE SEQ7
2573 IF P)*v(JI)y<l THEN 2580

2574 IF P(K=~1)<l THEN 2580

2575 WRITE :8,P(K=1)sPKY*V(JI)3

2580 IF K>=63 TIHEN 2640 2ABOVE COL 63 ALL CHARGED TO 13657

2590 IF K<a7 THEN 2610 #BELGOW COL 47 ALL CHARGED TO k364,27

2600 1 Hi=b5 [HeN 26407TESTS FOR SPACER CABLE, ABOVE COL 47 ALL L3657
2610 LET tH(21)=(PK)%P(K+2)xV(J1))+H(21) “LABUR HRS =364.27

2620 LET w21 =(PK)*P(K+1)*V (1)) +:(21) EATERIAL CJAST k£364.27

2630 L0 Tu 2660

2640 Lot H(22)=(P{K)*P(K+2) %V (J1))+H(22) “LABOR HRS =3657

2650 LT w(22)=(P(K)*P(KFD) =V J1))+m(22) 2MATERIAL COST E3657

2660 HEXT K

2640 HEXT J

2680 NEXT I

27CO LET L21y=H21)*xDC(1)+L(25) “LAB s POLE TOP HDwW CHARGED TQ E364.27
2000 LET L2E)y=FNACL(21)) '

2730 LET w2D)=M21)+Kk(25) “MATERIAL COST POLE TOP HDi CHRD TU E364.27
2740 LET 2Dy =rNAKHC21))

2800 LET E(9)=FilA(E(9))  “TREL TRIMMING”

2800 M ik ROUTINE BELOW DOES S#ILICH & REC COSTS FOR E365 &369.1

2870 rUOR I=1 TO Xl '

2830 FUR J=9 [0 NI

2890 [F S(l,1)<>Y(J,1) THEN 2960

2900 IF S(I,3)>1 THEH 2940
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2910
2920
2930
2940
2950
2960
2970
2930
290
3000
302u
3240
3250
3260
3270
3280
3290
3450
3460
3470
3472
3474
3480
3490
3520
355U
3560
3570
3580
3590
3600
3610
3640
360
360U
3690
3700
3720
3844
3850
3851

3852
350U
3870
3830
3HOU
3900
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LET H(23)=S(1,2)*Y(J,3)+{(23) “LAB HRS £E3657

LET M(23)=5(1,2)%Y(J,2)+4(23) “MAT CUST £E3657

GO Tu 2970

LET H(24)=S([,2)%Y(J,2)+H(24) “LAB HRS E369.17

LET M(24)=5(1,2)%Y(J,2)+H(24) smAT COST E369.17

NEXT J

NEXT I

LT L(22)=(H(22)+1(23))*D(1) ~ADDS TOT LABS FOR P.TOP HDw FOR E3¢
LET w(22)=M(22)+11(23) “ADDS TUT AT COST FOR P FoP HDW FOR E3657
LET L(22)Y=FNACL(22))

LET M(22)=FNA(N(22)) ,

DEF FAR(Y)=(11=INT(LOG(Y+1)/2.30259))

DEF FHS(Y)=(52~INT(LOG(Y+1)/2.30259))

DEF FaT(Y)=(O61 =INT(LUG(Y+1)/2.,30259))

DEF FAUY)=(70-INT(LOG(Y+1)/2.30259))

IF Le21)+4(21)y<l THER 3450

ARITE #5,11150E364,20510% 5 1GUYS~ANCHORS-XARNMS & SRKTSHL(21) 5M(21)
IF TCly+T(2)y<!l THEn 3650

IF X<t THEM 3650

FORr I=1 TO X

IF Ns(I)y>ugnm THiN 3480

LT ws(I)y=vCcubE NOT IN OHCABLE FILEY

IF UCL,1)=0 THEH 35%0

I UCI,13)>1 .1 ThHizd 3550

ARITE #5,MI03UE3653U (L, 2)sNs(Dy+ 18D sL D)5 (1)

NEXT I

FOR 1=1 Tu X

[F UCl,13)<l.l THEN 3640

LET [3=13+1

I I3>1 THEN 3610

WRITE #5, 1115 1E3650 5105 AIRE TO BE REINSULATED!;%0","0"
ARITE #5,71054E36513U¢T,2) sNs (D) +Ts (D) sL (D) MDD
HEXT L :

IF L(22)+4i(22)<1 THEN 3690

WRITE #5,M1n3UE36503 1003 HP0OLE TOP HARDWARE® ;L (22) 5M(22)
IF Byt THel 3720

ARITE #5,4105nE368H 0§ " TREE TRIMMINGY 10" SE(9)
RizM

REM

ReSTURE 8

I*ILE 38?;!*11

IF Z(2)=2 THeN 3880

CHATW ME3O67vixn

STUP

CHALIW MMISCPRwH

STOP

END
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999 OPTION QSUB 7

1000 FILES D3673COMINFO3STLIGHT sUGCABLEsNAMEST s DMISCsUGMAT s CONMAN
FOTu APPEND #6

1015 GO TO 1070

1020 READs7,A

1030 IF EMD ¢7,THEN 1070

1040 RESTUREsT

1050 ARFEND 37

1060 GOTO 1080

1070 SCRATCH =7

1080 DIM s(10,3),A(30),4(30),L(30),H(10,8),U(20,11),C(100,10
1081 DIN B$(4O),h(4094)QP(10093),U(ROO§3),X(IS)QG(IO,ﬁ)@K(IO
1082 DIM F(30),0(25),t(10,3)

1090 READ#2,F(I)?P9P75(2) PPy P, PP, P,F(3) “READS IN DATA FRUM COMI

1100 READ#2,r(4), F(J) 6) ?(7) LUB) ,F(9)Y ,FCTO)

I 110 READ#Z2, P(!l) N e F(lj) r(l4)gF(15)gF(ié)

1120 READ#2,FC1T), %(ld) k(}Q)@F(ZO)gF(21)

1130 RﬁADﬁZ,F(O)

1140 FOR I=1 TO 40

1150 READ#8,Bs(I)

1100 FOR J=1 TU 4

1170 READ#S ,=(1,J) ZREADS N CONMAN FILE”
1180 kT J

1o NEXT I

191 FILE #3,"%"

192 rILE JBQ“UGMISC“

oy FOR I=1 T 1060

w6 FUR J=1 TO 3

197 READ#8,P(I,J) 7READS IN UGMISC FILE~

108 WLXE J

9y [F uU #8 THeH 1209

200 NO=Nv+|

201 W'XT I .

209 FOR I=1 TO 100

FOR J=1 10 3

READ#3,D(1,J) ZREADS INM STLIGHT FILEZS
NEXT J

IF ExD #3 THEN 1260

NEXT I

FOR =1 TO 100

IF EnD #4 THeEN 1350

LET p=iN+

READ#S,Cs() READS 1IN UG CABLE NAME-

FORk J=t 0 10

READ#4,C(I,J)Y “READS IN UG CAgLL FILE?

NexXtb J

i 350 NEXT I ,
1350 READ#T (X (6)  “NUMBER OF COWDUILD & TRENCH LINE DATA”
F3ou IF A(O)“O THEN 1420

365 RoeADi#l 201 ) ,2(2) 328 (1) (Z2(3)
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10
80
Y0
1400

I
i
1K

()v'u\)(»)

1410 b

1420
1430
1435
I 440
1450
1 460
1470
| d&u
1420
1500
I hub
Inlo
1520
1530
1540
I 550
16U
1570
1575
i o
1590
1 600
1610
1620
1630
1640
1645
1650
I Sou
1670
o8B
1690
1700
P71y
1715
1720
1730
V740
1750
b 70U
1770
F77B
1780
IS
[ 0

1y

i FOR I=1 TO X(6)

FOR J=1 T0O 5 7 7
RCAD¢I LGOI, ) 7READS IN CUNDUIT & TRENCH DATA-
NEXT J
1=XT
READ#| , X(T) 7READS WUMBER QOF LIN&ES-ST.LIGHTING”
IF X(7)=0 THEN 1490
READ#1 ,Z201),2(2) ,2$(1),2(3)
FOR 1=| TO X(7)
FQR J=1 TO 8
READ#1 ,H(I ,J) ZREADS IN ST. LIGHT DATA’
HEXT J '
NEXT I
READ#1 ,X(8) /NUMBER OF LINES OF UG CABLE DATA”
Ik X{3)=0 THel 1560
READ#1 4 2C1) ,2(2) ,2501) ,Z(3)
FUOR I=1 TO X(8)
FOR J=1 TO 11
READ#1,UCI,J)  “READS IN UG CABLE DATA’
NEXT J
NEXT I
READ#1 X (1U) sREADS NUMBER OF mANHOLES”
IF X10)y=0 THEN 1630
READ#T 2010 3 2(2) ,2s(1) 4Z(3)
FOR =1 TO X(10)
~OR J=1 TO 5
READ#T ,K(I,J) 7READS IN MANHOLE DATA”
WeXT J
HEXT I
READ#T (X1 ZREADS NUMBER OF STANCHION ITEMS”
IF XChy=0 THEN 1700
READ#ED L ZC1Y ,L(2) ,25(1) ,Z2(3)
ruR I=1 TO X(C11)
FOR Jd=1 TO 2
RiEAD:# ,R(IJ) READS IN STANCHIOH DATA”
MEXT J

NEXT 1
READ#FI X (12) SREADS NUMBER OF PIECE-QUT ITEMS?
IF XC12y=0 THEN 1770
READ®D JZC1) ,2(2) ,25C1) ,2(3)
IDH I=1 TO X112
FOR J=1 TO 3
READﬁiqd(I,J) sREADS IN PIECE-UUT DATA“
e XT J
NexXT I
ReAD#l K 13) ZREADS I U.G. DEVICES?
IF X(13)y=0 THEN 1840
READ# G ZCH) g 2(2) (25 (1) ,Z2(3)
FUR Lwl T X(]B)
FUR oJ=1 0 3
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1795 READ#1 ,N(I,J) JREADS IN U.G. DEVICES”

1800 NEXT J ‘ -

1805 READ#1,Ss(1),Ts(D) /READS IN U.G. DEVICE TITL=S~

1810 HEXT I

1840 DEF FaA(Y)=INT (((Y)/Z(3))+.5)%/(3) “ROUNDS TO $10 DR $1007
1845 REM*xcrx [ ROUTIGE BELOM DOES CONDUIT & TRENCH LIHE DATA®® %%
1849 IF X(6)=0 [HEN 2030

1850 FOR I=1 TU X(6)

1860 FOR J=21 10 40

1870 IF G(I,1)<>J THEN 1910

186U GI=G(I,5)

1390 L1=G(1,2)%5(J,G1)%G(1,3) 7LAB s UF CON&IRENCH’ -
1900 m1=G(I,2)%E(J,4) ZUATERIAL $§ FOR CONDUIT & TREWCH”
19Ul GOTO 1920

1910 HEXT J |

1911 WRITe “NO SUCH CODE AVAILABLE FOR CONDUIT AND TRINCHING.®
1912 STOP

1920 Od G(I,4) GOTO 1930,1950,1970,1972

1930 As=1ip3664 “RuGULARZ

1940 GO0 1980

1950 As=1362,11 #SUBSTATIONS”
196U GUIO 1980

FOT0 AsS=VEIT3, 21! #ST, LIGHIING~
1971 GUTO 1930

P72 As=0E367.2" sB.UD7

1980 Li=FuACLL)

1900 ml=FnAGH])

2000 wRITE#0,42M As,G(1,2),850(J),L1 Ml
2010 NEXT I

2020 REM #=x*xxTHE FOLLOwING ROUTINL DUOES ST, LIGHTING?
2050 IF X(7)y=0 THEN 2490

2u4u FOR I=1 TO X07)

2050 rUR J=1 [0 100 .

2085 Ir H(I,1)=0 THEN 2140

2000 I HOI 1) <>C(J, 1) THEN 2130

2070 LT Me=H{l,2)*xC(J,2) +M2

2080 L2=(HL, %= 13)/7300))*xF (1) +L2 2LABUR HRS S[. LIGHTING~”
2090 dWRITes FHHOL, 1Y sH(T,2) sWRITES CABLE 10 WATFILE”

2100 M2=FiA2)

2110 L2skFrA(L2)

2120 ¢Oi0 2140

2150 weXl J

240 FOR J=1 TO 100

2145 IF HL,3)y=0 THEN 2230

2150 IrF H(I,3)<>D(J, 1) THEN 2220

2100 LET L3=H(I,4)*D(J,2Y*F(1)+L3 7POLE LABORZ

2170 LET #3=H(I4)%D(J,3)+i43 2POLLE MATERIAL $7

2180 wRlTLee 7, HOL 3 sHL 44) 2R ITES POLES TJ MATFILE”
2190 L3=tiA(L3)

2200 Ad=FuA (M3)



E367y

2210
2220
2230
2235
2240
225U
220U
2270
2280
2290
2300
2310
2324
2325
2330
2340
2350
2360
2370
2380
239U

2400 NEX

2460
2 4 {) b
2470
2475
2480
2490
2500
2510
2520
2530
2540
252590
2HhoU
2570
2580
2590
20050
2610
2615
2620
PAs P
2630
2G40
2650
260U
2610
2030
2690
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c0TO 2230
NEXT J
FOR u=1 TUO 100
IF H(I,5)=0 THEN 2320
IF H(I,5)<>D0J,1) THEN 2310 )
LeT La=H(L,0)*D(J,2)*F(1)+L4 ’BRAC&ET LABOR”
LET wd4=H(I[,86)*D(J,3)+M4 7BRACKET MATERIAL s~/ (
WRITEST HOL DY sHT ,6) HRILLS BRACKETS TO MATFILE”
La=FuA(L4)
Ad=FuA(iid)
GCaTo 2320
NEXT J
FOR J=1 T 100
IF H(I,7)=0 THEN 2460
I H(I,7)<>D0J 1)y THEN 2400
LET L5=H(I,8)«D(J,2)*F(1)+L5 *LUMINAIRE LABOR”
LT m5=H(I,8)%D(J,3) b ZLURINATRE BATERIAL $7
JQITL T HOD 7)Y sH(T,8) ZWRITES LUMINAIRES TO MATFILE~Z
5 XIU\(LL))
MH=FNA (M)
GUTU 2460
T J
NizXT I
I L2<l THeEd 2475
WRITE#6G 4200 30E373,220308"U,.G., ST LIGHT CONDUCTORSW3SL235M2
IF L3+la+Lb<] THEN 2490
FRITEAG, 23 WE3T3,420303"STREET LIGHT UNITSY; L3+L4+L55 M3+M4+M5
IF Zs(l)y<>uBy THeHd 2510
LET FOD)Y=F(0)
IF X(3)=0 THEN 2970
FOR I=1 TO X(8)
=R J=i [0 H+l
IF U, 1)y <>C0Jd,1) THEN 2800
AR I Tes 7 Ul 1) 5UCT,2)3 7dRITES CABLE TU MATFILE-
LT Ub(I) \,S(J) NAmES CABLE”
IF UL, 1)>25999 THeEN 2590
GO TU 2600
IE UdL,17<28000 THEN 2710
Ll O =U L, 3y« (4)y+U(T 4y = (DY y*xU(1,8) “CABL: PULLING HRS?
LET U =000 +(U(T,5)%C(J,3) +U(1,0)*C(J, ) +U(1,7)*C(J,5))
IF C(J,9)=0 THEN 2025

g ‘
ARITE:T7,C(J,9)50C1,5)5 2ol s spLIck KITS TO MATHILLE”
IF C(Jd,10)=0 THEN 2650
w#i11377CiJ 1O 3UCL,7)*33 7dRITRS POCHEADS TO MATHFILE”
Rizti SrPLIC I”b HOURS
Ll LeDy=

O *Fc1)  #CABLE PULLIHG+SPLICING LABOR $7

LeT L(I}~~JA(L(I)) ‘

LET A0Dy=uCl,2)*xC(J,2)+U(T,5)*C(Jy)+UL ,0)*C(J, ) +U L, 7)#C(J 8)=C
LET dCD)=radACliCI))

Rizm nATERIAL COST UFF CABLE,ST SPLICE KITS,BR SPLICE KITS, POIHEADS?
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2700 6O TU 2730
2710 LiT UCI)=(UCL,3)*F(13)%U(1,8))
2720 GO TU 2610

2730 LET n3=U(L,90)*FCI)
2740 LET H3=U(I,10)*F(12)+H3
5750 Ll Lo=H3*F (1)  “LABOR S
2760 LET T(N=T)y+L(D)

2710 LET T(2)=T(2)+H(I)
2780 LET H=H+0(I)
2790 GO Tu 2810
2300 NEXT J

2810 IE J<=N THEN 2840

2820 wRITLYA0 U.G. CABLE STUCK CODE';U(
28304RITETHIS CODE IS FOUMD IN THE";I3
2840 NEXT [

2850 LET LO=FiA(LY)

2910 FOR I=1 TO X(8)

2011 Qe UCL,11) GUTO 2912,29
2012 A$=1E3ST. I
2013 GOTO 2920
2914 AS=ME362, 1
2915 GUTQ 2920
2016 A$=ME367.20
2020 RIT
2030 NEXT I

2970 IF X(10)=0 THEHN
2050 FOR L=1 Tu X(10)
2990 FOR J=1 TQ 20
3000 IF K(L,1)<>J
3010 IF K(I,2)=2 THEN
3020 Lo=(e(J, 1) #K (1,4
3030 M=t (J,2) %K (1 ,4)
3040 Lé6=FuA(LS)

3050 HWE=FuA(ME)

3000 GUTO 3110

7RETAG HRS”

< TUTAL

14,2916
sREGULARZ

7B.UD7

3140

THEN 3120
3070
))*K (I, 3)

fS’I‘O
*STREET M

/SECONDARY CABLE PULLING HRS”

2CUTAOVER HRS

RETAG & CUTOVLERZ
sTOTAL LABUR s CABLEZ
MATERIAL $ CABLE”
7TOTAL LABOR HOURS CABLE”

I,1)s#IN UGCABL FILEk, CORRLCT DA’
“LINL OF YOUR JG CABLE READ DATA!

#SUBSTATIUNZ

LG, 20 s As UL 205U (D) sLOD) +LOsMOT)

MANHOLE LABOR

ANHOLE MATLERIAL $7

3070 Lo=(u(J 3)*K([,4))*xK(I,3) 7S.i. MANHOLE LABOR
3080 Ho=E(J,4)*K (] ,4) SIDENALK MoH. BMATERIAL $7
3090 Lo= FuA(Lé)

3?UO RO=FHA (M)

3i uRLiLJé HR2Us 386 KT ,4)3BS(J)Y Lo MG

3120 WHEXT J

315 AeEXT 1

35'0 IF XC11)y=0 THEN 3250

3150 FBR =1 TO X1

3100 FUR J=1 T0O Ho

3170 Ir RCLy 1) <>P(J, 1) THEN 3200

3180 LT L/=(3(J 2)FECL))XR(OT,2)+L7 FSTAMCHION LABORZ -

3190 LET /:R<I$2)¢P(J 3)+M7 STANCHIUN MATERIAL &7
ffvi 4111 ST ROT,1)SROT,2) sviRITES STANCHIONS TU UMATFILE?
3200 WuXT J )



3205
3210
3220
3230
3240
3250
3260
3265
3270
3275
3280
32ur

3290
3305
3310
3315
3320
3325
3330
3335
3340
334%
3350
3355
3360
3362
3304
3370
3380
3390
3400
3410
3420
343U
3440
3450
3460
0098
QLYY
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RO=RY+R(L {2)

NEXT I

LET L7=FHACLT)

LET m/=FJdACMT)

WRITE#@,“2”§”E366“$RQ§“STA5CHIUR LEBI NV

IF X(12)=0 THEN 3370

FOR I=1 TO X(i2)

FOR J=1 TU N

IF B(L,1)<>C(J,1) THEN 3320

L8= (D(I ))K(L(J 3)yx2))yxF (1) +L3 2PIECEQUT LABOR
28=(B(1,3)*F (6))%%(!)%[8 sRACKING LABUR

iF B(I?Z)~O THEN 3320 -
ME=((C(J,2)¥%10)+C(J,6)%2)+u8 sPIECEUUT MATERIALZ

IF C(J,9)=0 THEN 3315 ‘
MRITEE/ C{J 9)92 ’ sADDL SPLICE KITS TO MATFILEZ
NRIT&$798(I CJBCT, 2)“|O 7aRITES SPLICE CABLE TO MATFII
NEXT J

Bo=BY+B(1,2) sTOTAL PLEICEQJTS”
Co=Co+B([,3) 2TUTAL RE-RACKS”

plEXT I

Les=Fpin (L8)

283=FrA(28)

H8=FuA (M8)

IF H9=0 THud 3362

PRI TEAG ,H2M s HE366Y3 B PTECEQUTSY 5 L8348

IF Cy=0Q THEN 3370

WRITE#G, 205 367, 11 5CO8"Re~RACKSH 54850

I X(13)=0 TiHEN 9998

FOR I=1 TJ X(13)

FOk J=1 TU N9

b HCI D) <>P(d, 1) THEN 3450

LizT L= (P (J, 2% sl (I ,2))%N(1,3)) /DEVICE LABORZ
LizT o= (r)(J IYENCL,20) ZDEVICE MATERIALS
ARITee 7,000, 1) s (1,2) ARITES DEVICES TO MATFILE”
WRITE#O ‘*)“%QQ(I) Us i'?(l)vLQ;MQ ‘

NEXT J

HEXT |

CHAIN vi{SCPwxH

EHD
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999 OPTION QSUB _ o o
1000 FILES DHISC;CUMINFO3;SCRPADOHCABLLEGYANS 3 MATFILE
10108 2LLLLLLL  #####  /LLLLLLLLLLLLLLLILLLILLLLLLL — &##s#4

10203
030
1040

1ub0
1060
1070

1080:

1090
1100
1110
1120
1130
40
50
6u
70
30
0
200
210
220

Nl R
{0
C

N
NN
o O

99)

iy —
o CC

slw s w w oo NN oI
! <
C

40

) Lt M(X3)=M(K3)$Y(2)kV(192) ZEALZL S Syl TCHES

gugup  sLLLLLLLLLLLLLLLLLLLLLLLLLLL  #s#&8:bt

JLLLLLLL JULLLLLLLLLLLLLLLLLLLLLLLLLL i kit
JULLLLLLLLLLLLLLLLLLLLLLLLLL  &##d

READ #1,07,08,09,00

JEAE i
A A
SR

JL LA
HF i}

READ #1.28(2) ,28(3) ,28(4)  “SKETCH #,1AT LIS& SUMMARY (YES/NO)

READ #1,201),2(2) ,45(1),2(3)

ALLLLLLLLLLLLLLLLLLLLLLLELEL o #4700 A

DIi AC30),P(15),1(20,4) ,H$(100),i$(100),L(100) ,M(100),B(100)

DL X(100)

DIM WI0D),C(100),DC(100),2C100),UC100),5(100)
REZAD 6,17

IF Enb 26 THEN 1170

RESTURE 26

APPEND 36

GO TO 1180

SCRALICH 206

READ #2,P(1),P(2) ,F(1),P(3),P(4) ,P(5),P(6) ,F(7),2(8),P(9),F(2)

EOR I=1 TU 19

READ #2,P(0)

HEXT I

FOR I=1 TO 20

READ #3,A(0)

HEXT I ‘

IE 7(2)=3 THEN 1750

READ #1,X1

IF X1=0 [HEN 1490

READ #1,72(1),2(2),25(1),2(3)

Db FOaAC) =InT (0 /7403))+.5)*%4(3) #ROUNDS TO $10 UR s1007

LET PC1)=P(0)

FOr I=1 TO Xi

FOUR J=1 TO 3

READ #1,V(L,J) Z7READS IN SWHITCH DATA~
WeXT J

WEXT I

FOR I=1 10 XI

) RESTORE #5

READ #5,Y(1),Y(2),Y(3) “READS IN CYANSH TABLE”
[F EwD #5 THeN 1480

[F v(I,3)<i.y THEN 1480

IF VI, 1)y<>Y () THEN 1370

LT X3=] 4
LET ACQ)=ACOY+Y(3)*V (D ,2) #TUIAL LABOR HRS SWITCHES FOR
LET LEX3)=Y(3)#«V (1, 2)*pP (1) +L(X3) 2TUT LAB $ SwIlCHE

LelT wl)y=]
LET ns(X3)=vp368.211"  sNAKES ACCL?
LET ws(X3)=uLIlL TRANSF., DLEVICES® “GIVES DESCRIPTION~

B
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1480 NEXT I

1490 READ #1,%X sNUHBER OF LINES OF SRV WIRE DATAZ

1500 IF X=0 THeN 1750

1510 READ #1 ,2(1) ,Z2(2) ,2$(1),2(3)

1530 LET 2P(1)y=P(0)

1540 FOR I=} TO X

5O FOR J=1 TO 4 |

60 READ #1440 sREADS IN SERVICE wIRE DATAZ

70 NEXT J

580 WRITE 26,411y 1)5a(l,2Yx0(1,3)3

1590 WEXT 1

leLL FOR I=1 TO X

FO10 RESTURE #4

1620 READ #4,G(1),G(2),6(3),6G(4),6(5),608),G(7),06(8)

1630 IF [ZHD #4 THEN 1740

1640 IF wll, 1)<>G(1) THEN 1620

1650 [F I>1 THEH 1670

1660 LLET X3=X3+]

1670 LET He=a(I ,2) %0 (1, 3) %1 E=3%CG{)x(1+n(l,4))+H 7SEC INS LAB HRS”
1680 LET A(9)=H :

1690 LET L{X3)=Hxp (1) ZS5EC IHNST LAB 57

700 LiET m(X3) =9 (I,2)%(1,3)*5{2)+u(X3) sMAT ¢ SEC IHNST~
1710 LET Hs(X3)=UgE369. 11 2NAMES ACCT”
1720 LET QCX3) =]

1730 LET #Ms(X3)=4y,H, SERVICESH
F740 HNEXT I

1750 READ #1,%2

1760 IF XZ2=0 THEN 1850

1770 READ #1,2¢1) ,2(2) ,28¢1) 47(3)
1790 LET ¢(1)y=P(0)

1300 FUR 1=x3+1 TuU X2+X3 '

1810 READ #1,QC1) JHSCI)Y gMs (D) LT gMCD) TYPE ACCT 0OH=1 UG=2,~”
1820 LET X(I)=0

1830 REM ACCT., HO, DESCRIVTION,LABORs MATERIALS

1840 NEXT I :

1850 FUR I=X2+X3+1 TO 100

180U READ #1,Q0L0) JNsCI) (X (I) Ms(I) ,LCI) M)

1870 IF Enw #1, THEN 1900

P 8ou LD Mi=ND+]

18390 NEXT I

1900 REM RUUTIHE ABOVE READS IN UG DAFA

F9lO Db FAdd (XY =21 )% ( Xk 007+Y*,007) sLABOR ESCALALIQN”

1920 DEF FNCIX,Y)=Z1)*{X*x,003+Y*.007) PIATERTAL ESCALATION?
P30 REM HE RUOUTINT BELOw SORTS THE #ISC ACCTS INTJ ASCENDING ORDER
1940 FOR L=t TO X24+X3+NT=] :
1950 FuUR J=I+1 TO X2+X3+N

FOGO I NS(Id<=nNs({J)Yy THEN 2150

1970 LET Ts=Ns(I)

1980 LT X4=L(1)

19S50 LET Ss=Ms(l)
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2230
2240
2250
2260
2270
2250
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
242&)
2430
2444
2450
2460
2470
2480
2490

) LeT X5=M(1)
) LET X6=Q(I)

LET X7=X(D)

LET ws(D=ds(J)

LET L(I)=L(J)

LET ws(I)=4¥3(J)

LET M(D) =%

LET w(I)=0(J)

LET X(D)=x(J)

LeT ws(J)=T$

LET L(J)=x4

LET #43(J)=S5

LET #(J)=X5

LET @(J)=X6

LET X(J)y=X7

NEXT J

NEXT I

FOR I=1 TO X2+X3+NI

LET s(I)=FHACMCIY)

LET LCI)=FHACL(I))

[ QCLys>2,1 THEN 2960

IF Zs(1)=uBn THEN 2380

IF Ns(D)<>Ns$(I-1) THEN 2260
IF Hs(Iy<>ds(I+1) THEN 2290
GO SUB 4120

G0 TO 2980

IF Ns(D)<>aS(I+1) THEN 2310
GO SUB 4050

GO TU 2980

SO SU3 4120

GO Tu 2430

IF Zs(1)=139 THEN 2380

IF X(I) < .5 THEN 2360
PRINT USLAG 1010,sC1) ,X (1) ,M$CI) ,LII) ,M(D)
LET ACIO)=AC10)+]

GO Tu 2430

PRINT USING 1030,Ns(I) ,Ms(I),L(I) , 4(D)
GO TU 2420

IF X(I)<.5 THEN 2410

PRINT USIHG 1020,X(1) ,4sCI) ,LCI) ,M( 1)
GO Tu 2420

PRINL USINHG 1040,ms (1) ,LCI) 4T
LET ACIO)=AC10) +]

LET pCD)=L(I)*P(3) “LABOR LUADIHG”

LeT (D) =FNA(BC(I )N

LET CODy=4CD)=F@Q(I))  28ATERIAL LOADING”
LET CCD)=rHACCI)N

LET DOD)=FdB(LOI) yu(I))  2LABOR ESC?

LET DCD =FdADCI )N

LET D) =FiCMCD) ,C(IY)  7dATERIAL ESC”
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2500 LET EC(I)=FNACE(D))

5%%8 LE% E<1>=L<I>»B(I>+D(I> 2 LABOR+LUADIHG+ESCALATION

Ses0 LET S(1=h(I)+CCIY+E(I)  Z7HATERTAL+LUADIHG+ESCALATION”

2530 IF Q(I)>1.1 THEN 2660 o

5540 LET I(1)=T(1)+U(I) <TOTALS LAJDR LOADING+ESC FOR O.H.”

5550 LET ACI)=ACI)+L(I) “TOTALS U.H. LABORZ

2560 LET A(2)=A(2)+M(I) “TOTALS J,H. MATERIAL 3,

5570 LET A(3)=A(3)+B(I) sTOTALS O.H. LABUR LOADINGZ

5550 LuT A(4)=A(4)+C(1) #TOTALS O.H. #ATERIAL LUADING~

5500 LET A(7)=A(T7)+UCI) #TOTAL LA5+LUIJU%F8C FOR SUMAARY”

5500 LET A(S5)Y=A(5)+D(I) #TOTALS O.d. LABOR ESCALATIOJZ

5610 LET A(6)=A(6)+E(I)  #TOTALS D.H. MATERIAL ESCALATION/

55620 LET 1T(2)=1(2)+5(1) ~TOTALS MATERIAL+LOADING+ESC FOR U.H.

5650 LT A(BY=A(B)+5(I1) “TOTAL MAT+LDIHG+ESC FOR SUMAARYZ

5640 LET A(OY=A(O)-+(T(1)/P(1)) ~7ADDS L[OTAL O.H. MAHHOURS FOR SUMMARY
2650 GO Tu 2800 %
2660 IE Q(I1)>2.1 THEN 2960 ‘
5670 LET T(3)=T(3)+U(I) 7TOTALS LABOR+LOADING+ESC FOR U.G.’

2680 LET ACTIY=ACI1)+L(I) ~TOTALS U.G. LAB s FOR sumxARYf

5600 LET AC12)=AC12)+4(1) #TOTALS MAT s U.G. FOR SUMAARYZ

5700 LET ACI3)=A(13)+8(1) 2TULALS U.G. LABOR LJADI»G FOR SUMMARYZ

5110 LET ACI4)=A(14)Y+C (1) +TOTALS U.G. MAT LOADING FIR SUMMARY”

2720 LET AC15)=A(15)+D(I) 7TOTALS U.G. LAB ESC FOR SJ’K\RY’

5730 LET AC16)Y=AC1&)+ECL)  2TOTALS U.G. HAT ESC FOR SUMMARY” .
5740 LET AC17)=AC17Y+UCI) +TOTALS U.G. LABS+LAB LDING +ESC FOR SUNMARY
2750 LET AC18)=A18)+S(1)  #TOTALS U.G. WATHUAT LDINGFESC FOR SUMHARY”
5760 Lel T(4)=T(4)+S(I) *TUTALS MATERIAL+LOADING+ESC FOR U.G.

2770 LET ACIOY=A(I10)Y+(T(3)/PC1)) 2ADLS TOT OH MANHRS FOR SUMMARY’

2780 REm SPACE RES

2790 REf SPACE RESERVED

2300 DEE FHS(Y)=(52-IHT(LOG(Y+1) /2.30259))

2510 DEE FAT(Y)=(61 =INT(LUG(Y+1)/2.30259))

2820 DEE FuU(Y)=(T0-INT(LOG(Y+1)/2.30259))

2830 WUl SPACE RES

2840 [F Zs(1)=uBY THEN 2980 :

2850 PRINL TAB(I8) 3 "LOADIHG (L&M5R(3)%100.3 M= §F (A1) %100 51%) 13
2360 PRLNL TABCENS(B(1))) 550D s TABCEL(C(T)) 5C(D)

2670 PRINT TAS(18) s WESCALATLON" 5T BCENS (DI 3DCI) s TABCENT(ECL))) ¢
2830 PRINT TAB(44) 8 Mmoo o o m e e "

25v0 PRINT TABCIS8)9SUB TUTAL® 3 TAB (FNS (UCI3)) 5U(D) s TABCENT(SCI) ) 5S¢ 1)
2900 PRINLI TABGFHU(UCIY+SCI))) sUCI)+S (1)

2910 PRINT

2020 LET ACIO)=ACI0)+5

2930 IF X2+X3+dl=1 THEN 2980

2940 1F AC10)<45 THEN 2980

2050 GO SUB 3010

2060 IF Q(I)<>3 THEN 2980

2070 LET I15=[5+]

2080 NEXT I

2090 TF Zs(1)=vgn THEN 3530 L g
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3000 GO TO 3220

3010 RFRIND TAB(44) s zzosmooosmooo soxmas osozmoom mmasi

3020 PRINT TABCI8) 3 "ESTIMATE SUs TUTALYS

3030 PRINT TAB(FHSC(A(TYFACITI+ISO) ) 3ACT)Y +ALIT)+163

3040 PRINT TAB(ENT(A(S)Y+ACIBIN)IFA(S)+A(IB) 5

3050 PRINT TAB(FNUCA(TY+FA(B)FACTITYIHACIBY+I6)) s ACT) +A(B)+ACTT)Y+A(T 8) +]
3060 LET AUTO)=ACIO)Y+2

3070 LET Z(4)=60~AC10)

3080 LET AC10)=0

3090 FUOR Ilt=1 TO Z(4)+6

3100 PRINT

3110 NEXT I

3120 PRINT TAB(2)5HACCT . n3TAB(9) s "QUANT "3 TAB(25) s ITEMY 5
3130 PRINT TAB(50) s "LABURVSTAB(S8) s"MATZL Y3 TAB(ST) s TUTALY
3140 PRINT TAB(3)3"HO, "5 TAB(HD8) sMAEXP., ™

3150 PRINT

3160 PRINTIABCI8) sWCARRIED FORWARD s TAB(FNS(ACT)+ACTIT) +I6))Y s AUTT)Y HA(Y
3170 PRINITAB(FAT(AMB)Y+ACIBI N SABY+ACI8) s TABCFHUCACTY +A(BY +ACTT) +AC]
3130 PRIHT A(TI+A(B)+ACI7)+ACIBY +IO

3190 PRINT

3200 LT ACQTOI=ACIO)+6

3210 RuTURM

3220 PRINT TAB(44) 3l zz=msssoosoms oo ssnms momomoms sos

3230 PRINT TABU8) svESTIMATE TOTALY s TAS(FNS(ACTY+ACTTY Y)Y s ACTY+HACTT)
3240 PRINT TABGNICA(S)YFACIBIN) A +ACTIE) s TAB(FAUCACT) +ACBYFACTT ) +A(
3250 PRINT A7) +AMB)I+ACTT)+AC18)

3260 IF Ib<.9 THEN 3520

3270 FOR I=1 TO X2+X3+NI

3280 IF QCL)y<2.9 THEN 3450

3290 LET [4=[4+]

3300 IF I4>1.1 THEN3370

3310 PRINT

3320 PRINT

3330 PRINT :

3340 PRINT TAB(C18)3"OPERATING ACCOUNTSH

3350 PRINT

3300 LT ACIOY=A(IO)+5

3370 PRINT Ns$(D)s; TABOIS)Y §MSCI)sTABCFNSCL(IN)Y)Y sL(D)

3380 PRINT

3390 LET 16=16 + L(I)

3400 LET ACIO)=AC10)+2

3410 IF ACIO)<4% THEN 3450

3420 LET [2=12+]

3430 I I2>1.1 THEN 3450

3440 CGUSUg 3010

3450 WizXT |

3460 PRINT TAB (A4) § 1 comm oo o e e el

3470 PRINLD TABCIS)Ys"TOTAL OPERATINGY; TAB(FNS (106516

34&3@ PQ I ,Jf _,‘_"Ae} (44 ) H e e e i o et et R |

3490

PRINLT TABCI8) s WIOTAL CAPITAL & OPERATIRGY s TABCENS (IO+ACT)+ACTT D)
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3500 PRINT I6+A(T)+AC17) 3TAB(ENT(A(BY+ACIB)))3A(8)+ACIB) S

3510 PRINT TAB(FMUCIS+A(T)+AC] /)+A(8)TA(¥8)));Ié+A(7)+A(I7)+A(8)+A(18}
3520 GO TU 4000

3530 IF 07«1t THEHM 3560

3540 PRINT TAB(18)3u0.H. MAINTENANCE"3;TAB(FNS(O7)) 307

3550 LET AC)=A(1)+07

3560 IF 0g<l THEN 3590

3570 PRINT TAB(18)3"U.G. MAINTENANCE";TAB(FNS(08))508

3580 LET ACID)=AC]11)+08

3590 PRINT TAB(44) 5= s mom s s oo e e i

3600 PRINT TAB(35)3"5UB- innL”yiAB( Nb(A(l)*A(l])))?
3610 PRINT ACIY+ACTT) s TAB(ENT(AC2) +ACT12))) 5AC2)+ACT2) 3
3620 PRINT TAB(FNUCACT)Y+ACTH] )+A(?)+A(12)));A(I)+A(1i) +A(2) AT 2)

3630 PRINT

3640 PRINT

3650 LET OI=(A(2) %, 1) +(ACI2)%.04) 7EXEMPT MATERIAL~
3600 LET dl=FNACO])

3670 LET 02=(A(2)+A(12)+01) .1 STORLEROOM HANDLING”
3680 T wu2=FNA(02)

L
3690 LET U3=(A(2)+A(12)+01+02)*. 15 ‘L ASCALT
3700 LET 03=FJdAM03)
3710 LET ud=((ACIY+FACTEN /P %,2%3.8 <TRUCKING & zQUIP~”
3720 LET ub=FiA(O4) .
3730 LET Uo=(((ACI)+ACTTI N /100)%4,5) +(04/30) %, 66
3740 LeT do=riA(006)

3750 PRINT TABCII)Y (1) HsTABCIBY sMEXEMPT ﬁATEQIAL”“TKu(FNU(UI))qDl
3760 PRINT TABCII) s (2)13TABCI8) s HSTOREROIN HANDLIHGY s TAB (FNU(32)) 502
3710 PRINT TABCITY (33 TABUI8) sHELAL. S A M3 TAB (I U(dB))aDj

3780 PRINT TAB(18)3"TRUCKING AND cQUIHnLui“;lAB(FNU(Dﬁ))305

3790 PRINT TABCIT) s (4) 3 TASCIB) s INSURANCLE s TAB(FNUC36)) 506

3800 PRINT TAB(18)s"COST UOF RESMOVALY3; TAB(FNUCO9)) 509

3810 LET I18=01+02+03+05+006+09

3820 PRINT TA3(66) 3! —————m i

3830 PRINT TAZ(40) 3 "TOTALY;S

3840 PRINT TABFNUCACT)Y+ACTI)+AC2) +ACT2)+18)) 5

3350 PRINT ACIY+ACTD) +AC2)+ACI2)+18

3860 PRINT TAB(18)$"CREDIT FOR SALVAGE" sTAB(FNU(G)) 330

3370 PRINL TAB(G6O) i1 == i

3880 PRINT TAB(40)3"HET TOTALYsTAB(FNUCACDY+ACTI) +A(2)Y+AC12)+18-00)) 35
3890 PRINT ACI)+ACTD) +A(2)+A(12)+18~00

3900 PRINT ‘

3910 PRINT

3920 PRINT "REFLER TO DRAWING  "357$(2)

3930 PRINT U(¢l) 10% OF 0.H. MATERIAL 4% U.G. HATERIALY

3940 pPRINT w(2) 10% OF ALL fAfL?IAL lv LUDING EXEMPT MATE BIAI“

3950 PRINT #(3) 15% OF TUTAL MATERIAL INCLU)[NG STUREROGM IDLTNGY
3960 PRINT “(4) INCLUDES IQJLV INSURANCEY

3970 PRINT

3980 PRINT #H0TE:  THE @ORK COVERED BY THIS Loi[”ATb fO BE PERFORMED
3990 PRINLD » PUBLIC oi”VIkE PLRSUNNEL .
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4000 SCRATCH #3

4010 FOR I=1 TO 20

4020 vRITE #3,AC1),

4030 NEXT I

4040 GO TU 4210

4050 [F X(I)<.5 THEN 4090

40060 PRINT USIHG 1010,HS$(I) X (1) s (I),LCD) ,MCD)
4070 LET ACTO)=ACI0)+]

4080 GO Tu 4200

4090 PRINT USING 1030,Ns$(I) Ms(I),LC1),M(I)
4100 LET ACIO)=ACIO)+]

4110 GO Tu 4200

4120 IF X(I)>.5 THEN 4150

4130 PRINT USIHG 1040,Ms(1) ,LCI) (HCI)

4140 GO Ty 4160

4150 PRINT USING 1020,XCI) (Ms(I),LCI) D)
4160 LET ACTO)=ACI0)+]
4170 IF Ns(D)<>ds(I=1) THEN 4200
41w0 LET LD =L{I)Y+L(I-]

4190 LET MOI)=i(I)+M(I~I

4200 ReTURH

4210 IF ZsCl)y=4g% THEM 4230
4215 IF Zs(4)="N0" THEN 4230
A220 CHAIN BSUMRYwH

4230 IF Zs(3)="i0" THEN 4280
4240 FOR I=1 TUO 20

4250 PRINT

4260 NEXT I

4270 CHAIN "MATLS®H

4280 END

f.
)
)
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999 OPLION QSUB
000 FILES INPUT3 scnPAUqLU MINFO

1010 DIM AC30) =

1020 FOR I=1 10 20

1030 READ#2,A(I)

040 WEXT I

060 LET PI=60-A(10)

090 FOR I=1 [0 PI

00 PRINT

10 NEXT I

READ #3,F(4),P,F(2) ,F(1),P,P,P,P, e, P F(3)

DIM 1$(20), Pcao 3),6(8),X(15),5C20, 3)9N$<20) L(20) ,M(20)
DIM 1(20,4),C(20,17) , (7Y ,U(20,10) ,15(20) ﬁ
READ #1, AS(1)  ZREADS IN FIRST Liuu OF ESTIMATE [ITLE”
READ #1,8$(1)  #READS IN SECOND LIAE OF LSlIaKIL TITLE?
READ #1.5¢1) 7READS IN ESIT TYPE, COMBINED=1, OH=2, UG=37
READ #1, E(5) JREADS IN ROUADING FACTOR”

READ #1,E5(1) “READS IN FORGAT TYPE; R&E OR BILLINGZ
READ #1, E(6),E(7),E(8),E(9) JREADS IN COSIS”

£l
#1
1

GV

o

SR S A9k Sk

“h\

READ y25(2) ’RLQULSILS VERBALLY (YES/NG) 7

READ LIS (3),Es(4)  2EITHER REQ 8Y & LUC OR DATE & DICTATOR”
R‘AD. E$(5)¢E$(6)9E$(7)9E$(8)9h$(9)9ES(lO)

REH JATEq EST Nu.,TOWN, DIV., PREP BY, SK NO.

READ #1,401) ,Y (1), M(2), Y(?),H(j) Y(Q)

“RENM CUR #0,CUR YR, JUB ST i0,J0B ST YR, JUO3 END #U,JOB END YR
READ #1,E(3) ,E(4) ~“0.H., U. ba Wl L THDRA enL HOURS”

READ #ly (2),EC1O) 2%0F OPERATING MAHHOURS”

READ #I7LS(IE) DO YOU WANT A MATERIAL LIST(YES/NO)Z

8O LET A()=INT(AC) /F(4)) 2107 AUTH OH LAB IHRS”

QU LEL A2 =INT(A(O)*E(2))

300 LET A(22)=IH1T(L(3))

310 LET AM23)=A(9)+AL21) +A(22) '

320 LET ACIO)Y=INT(ACIY) /F(4))  2TOT AUTH UG LAB HRSZ

330 LET AC24)=[NT(AC19)*E(10)) “UG OFPERATING M.H.~”

340 LET A(25)=INT(E(4))

350 LET A26)=A(19)+A(24)+A(25) ~[0OIAL UG JOBSITE HANHOURS’

1360 LeT A27)=A(26)+A(23) #TOTAL OH & UG JUOBSITE #AUMHOURS

1370 LET Z(2)= (Y (3 *12+M(3)) = (Y (2)¥]2+4(2))) “EST TIME TO COMPLLTE”
1380 LET Z(1) =00V (2% 2+K(2)) (Y (1)1 24401 ) ) +2(2) /72)  2[EGC %ACFOR’
1390 PRINT TABCIT7) s"PUBLIC SERVICE ELeCTRIC AND GAS COMPANYW

1400 PRINT TAS(27) s "LELECTRIC DEPARTHENTY

F410 PRINT TAS(28) s HLESTIMATE~GENERALY

1420 PRINT

F430 PRINT TAB(13)3s4T0O: THE GENERAL MANAGER - TRANSMISSION & DISTRIBUTI
1440 PRINT '

1450 [F E$(2)=4YES" THEN 1480

460 PRINT YREQUESTED BY LETTER "Es(3) 5% FROM v35ES(4)

1470 GO TA 1490

480 PRINT “REQUESTED VERBALLY BY W3ES(3) 5% FROM "3ES(4)

1490 PRINT

-
‘ri: n‘t*ﬁ

SN = SO0~ C U

s
ccocccocclovowmcccooccocc

N R N R R R N
N O R Lo
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1500 PRINT AsCl)

1510 IF Bs(1)=#NONE" THEN 1530

1520 PRINT Bs(1)

1530 PRINT

1540 PRINT TAB(N) ;#SUMMARYY

I 550 PRINT

1860 DEF FNB(Y)=(b]- SINTCLOGCY+1) ZLOG(10)))

1570 DEF FHC(Y)=(00- —INT(LOG(Y+1) /L06(10)))

1580 DEF FHD(Y)=(69- INT(LOG(Y+1)/L0S(10))) _ 4

1590 PRINT TAB(48)35 " LABOR"; s TAB(58) s "MAT L. "3 TAB(67) s " TOTALY

1 600 PRINT TAB(58) 3 "&EXP.H -

1610 PRINT | e 1790

161y I (7)Y+A(8)<1 THEI

tézg PTAP(ZPILH‘(((A(4)/A(2))~IOO)+ 5)/100 “CALC TOT OH MAT LDING~
1640 PRINT ”BVLRHLAD CuzSIRUClIBH“°IA5(kN8(A(I)))sA(i)s

1650 PRINT TAB(FHC(A(2)))35A(2) 5 TAB(E NDCAC2Y+ACT D)) s AC2)+A(T])

1660 PRINT ® UVERHEADS (L@U3F (1) %1001 %——=1@"5F(2) %1005 "33
1670 PRINT TAB(FNB(A(3)))sA(3) 3 TAB(FNC(AC4)) )5 AC4)Y sTAS(FNDCA(3)+A(4))) 5 Al
1680 PRINT ® ESCALATION!STAB(FHNB(A(D)))5A(5) sTAB(FNC(A(S)))3A(6) 3
1690 PRINT TAB(FND(A(5)+A(6))) §A(5)+A(0)

700 PRINT TAB(47) 51— s o s o s e o " }

1710 PRINT #® TOTAL OVERHEAD CUSTU3;TAB(FNBCACT)I I 5AC(T) 3

1 720 PRINT TAB(EFNC(A(8)Y))3A(8) s TABFND(ACT)I+A(8)))5ALT)+A(8)

17303 AUTH. JOBSITE MAHHOURS  ######

1735 PRINT USIHG 1730,A(9)

1 740: . OPCERATING JOBSITE M.H.  ####4

1745 PRINT USING 1740,A€21)

17503 REMOVAL JOBSITE M.H. R

175% PRINT USING 1750,A(22)

1760 TOTAL JOBSITE MANHOURS  ##d#d###

1761 PRINTw® e n

1765 PRINT USING 1760,A(23)

1 770 PRINT

780 PRINT

1790 IF ACIT7Y+ACI8)<T THEN 1950

1800 PRINT “UNDERGROUND CONSTRUCTION'"STABCENBCACITI)))SACTD) S

1810 PRINLD TAB(FNC(ACI2)))3AC12)sTABCENDCACTI)+ACTI2))) 5 A(ll)+a(l2)
1820 PRINT ® OVERHEADS (LOUsF (1) %1004 % =M@ F(3)%100351%) 13
1830 PRINT TAB(ENSCACI13)))5ACI3) 5 TAB(F 'C(A(i4))),A(I¢)71AD(FND(A(I3)+A(L
1840 PRINT A(13)+A(14)

1850 PRINT » ESCALATIONYSTAB(FNBCAUIS N ) sACIS)Y sTABCFNCCACLISE) )Y 5AC16)
I 860 PRINT TAB(rzD(A(l))+A(lé)))qA(lg)+A(36)

1870 PRINT TAB (AT ) § 1 mmomem oo oo oo e s e e et e 0

1880 PRINT u TOTAL UNDERGROUND COSTUTAB(F} IBOACITYNISACT)
1890 PRINT TAB(FNC(A(18)))9N(19)VIAd(:ND(A(17)*A(I8)))%A(17)+A(18)
1900 PRINT USING 1730,AC19)

1910 PRINT USIHNG 1740,A(24)

1920 PRINT USING 1750,A(25)

1925 PRINTY e ———— 1

1930 PRINT USING 1760,A(26)
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1940 PRINT
1950 PRINT
1960 PRINT
1970 PRINT
1980 PRINT
1990 LET F(
2000 LET F(
2010 LET F(
2020 LET F(
2030 PRINT
2040 PRINT
2050 PRINT
2060 PRINT
2070 PRINT
2080 PRINT
2090 PRINT
2100 PRINT
2110 PRINT
2120 PRINT
21303

2135 PRINT
2140 PRINT
2150 PRINT
2160 PRINT
2170 PRINT
2180 PRINT
2190 PRINT
2200 PRINT
2210 PRINL
2220 PRINT
2230 PRINT
2240 PRINT
2250 PRINT
2260 PRINT
2270 PRINT
2230 PRINT

2290 FOR I=

2300 PRINT
2310 NLXT [
2315 IF Es(
2316 CHAIN
2320 END
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STOTAL PROJECTWs TAB(FNBCACH) +ACTIY N sACIHY+ACTI) S
TAB(FNC(A(2)+ACTI2))) 5 AC2Y +AC12) 5

TAB(ENDCAC2) +ACTY+FACTI) FACI2) ) s ACT)Y +ALY+ACTT) +ACT2)
6)=(A(3Y+ACI3)Y/(ACI)+ACI1)) “CALC OF TOT PROJ LAB LDING-
By=(A(4)+A(14)) /(A(R2)+AC12)) “CALC OF TOT PROJ MAT LDING”
6)=INT (((F(5))*100)+.5)/100

5)=INT(((F(5))*100)+.5) /100

i UVERHEADS (L@U3F(6)*1003"%——H@"5F(5)*1005"%) "3
TAB(ENB(A(3)Y+ACTI3))) 5A(3I+ACI3) s TAB(ENCCACAY FACT4))) s A(4) +A
TAB(FND(A(3) +AC4) +ACI3) +ACT4) D)5 AC3) +A () +ACT3) +A(T4)

i ESCALATIONYsTAB(FNB(A(B)Y+AC15))) 5A(D)+ACIB) 5
TAB(FNC(A(S)Y+A(T16)))3A(E) +ACTIO) 5

TAB(FND(A(S) +A(EY+ACTISY+ACTE) )Y 5A(H) +A(S) +ACID)I+A(T6)
TABCAT) 31 e e s s e e i

" TOTAL PROJECT";TAB(FNB(A(TY+ACITI N 5ACTI+ACTT) s TAB(FN
A(BY+ACI8) s TAB(FND(ACTY+A(B) +ACTITY+ACIB) D) 5ACT)I+A(B) FACIT)
USING 1760,A027)

LABOR RATE USED
USING 2130,F(4)

dh AL L JL
fritE . #

PER HOUR

TAB(I5) 3 UDATE M3ES(5)3TAB(36) 3 "ESTIMATE NUMBER "3Es$(0)
TAB(25) 5USKETCH NUMBER "3ES(10)
TAB(25)3E$(8) 3" DIVISION"
TABCIS)Y s MUNICIPALITY - “ss(7)
TABCI5)Y s "ESTIMATED TIME TO COMPLETE -
TAB(25) s"PREPARED BY = "3EsS(9)
TAB(I1B) s "ELECTRIC DISTRIBUTION DEPARTMENT®

v r
H‘; 4

Z(2) 5" MONTHSH

i

TAB(25) 5 "CHECKED BY -

41

TAB(25) s"APPROVED BY -
I T 20

1) =nNp
HMATLS*"

THEN 2320
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©99 QPTION QSUB

1000 FILES MATFILE;MATN#*;INPUT

1010 READ #3,A$,Bs

1020 READ #3,A01) JA,ZS A, A A A, ZS,Z28,25,E501) JES(2) JES(3) ,E$(4) ,ES(
1030 READ #3,A,A,E(1),E(2)

1040 PRINT "JOB TITLE: Y3AS

1050 [F Bs=tpNONE" THEN 1070

1060 PRINL 3B

1070 PRINTHESTIMATE NO: "3E$(2) 34 DATE:  "3ES(1)

1080 PRINTHJOB START DATE: “3E(1);i/"5E(2)

]

200 IF EnD ¢l THEN 1231

210 LET N=N+I '
220 READ :1,5(I),QCI) “READS IN .STOCK CODE AND QUANTITY”
225 HNs(I)=un

1230 HEXT I

1231 N=N=~|

1232 FOR I=1 TO N

1234 I(D) =1

1236 NEXT 1

1240 D=8191

1250 FOR K=1 1O 12

1260 D=(D~1)/2

1270 FOR I=D+l TO N

1280 T=1(1)

1290 FOR J=I-D TO | STEP =-D
1300 IF S(CD)>=5(1(J)) THEN 1350
1310 10d+D)=1(d)

1320 WEXT J

1330 I(h)y=T

1340 GO Ta 1360

1350 10J+D)=T

1360 HEXT I

1370 HEXT K

1460 FOR I=1 TO 500

470 LET N2=N2+]

090 PRINT
1100 PRINTY MATERIAL LIST®

1110 PRINT

1120 PRINT

1130 DIt S(1000),Q¢1000),I(1000)

1140 DI C(500),4s(500) ,8%(500)

11508 # EEE EEEERE EELEEEE EEREREEEEEEE EEEEEEE BHEHH S
1T60PRINTY WAME OF ITEM STUCK QUANTIT
1 170PRINTH | CODE™

11 8OPRINT

1181 PRINI "(OVERHEAD MATERIAL)"Y

1190 FOR I=1 TG 1000

1

1

1

|

1480 READ #2,C(1) ,#s(ID)
1490 IF EnND #2 THEN 1520

1500 NeXT I



- 230 -

MATLSS 05/08/74

1510 LET N3=I
1520 FOR I=1 TG N

1530 FOR J=N3 TO 12

1540 IF S(I(I))=0 THEH 1590
1550 1F S(I(I))<>C(J) THEN 1580
1560 LET is(I)=M$(J)

1570 LET i3=J

1575 GO TU 1590

1580 NEXT J

1500 NEXT I

1600 SCRATCH =1

1605 FOR I=1 TO N

1606 T1=1(1)

1607 T2=1(I+1)

1608 1F SCL1)<>S(T2) THEN 1611
16090 Q(T2)=Q(T2)+Q(T1)

1610 GO Tu 1630

1611 IF Q(T1)=0 THEN 1630

1620 PRINT USING 1150,H$(1),SCTI),Q(TI)
1625 WRITE :1,S(T1)30(T1)3

1630 NEXT I

1635 1F 29>0 THEN 1750

1636 Z9=1

1640 IF A(1)=2 THEN 1750

1650 FILE 1,40

1660 FILE &1, "UGMATY

1665 RESTURE #

1670 PRINT

1680 PRINT

1690 PRINT

1691 PRINT "(UNDERGROUND MATERLAL)Y
1695 N=N2=i{3=0

1700 GOTO 1190

1750 END
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RESRV* 057087174

900 MARGIn #(0),90

| 000 FILES MATFILE;RESRV:MATNM*;NU#BR® | ” .
070 DIi CC200) 43 (200) D5 €12),Y(10,12),Z(200,12),U$ (200) ,X$(200,12)

20 DIXA K(ZOO),B$(200)?ES(200) )
1030 DIM Ys$(200)

1040 DIM I(200)

1050 DIM C$(200),A(360),A$(360)

1060 Fs=Unds

1070 FOR X=1 TO 8

1080 READ #4,G$,HsS

1090 IF Fs<>Gs THeN 1120

100 Ts=HsS

|

1110 GO Tu 1130

1120 NEXT X

1130 Ps=DATS

1140 FOR I2=1 TO 350

1150 READ #3,A(12),A8(12)

1160 IF EHD #3 THEN 1190

1170 H2=N2+]

1180 HEXT I2

1190 N2=N2+]

1200 FOR I=1 [0 8

1210 PRINT

1220 WEXT 1

1230 REM C(I)=STOCK COLE,N(I)=QUANT.,Y(I,J)=PERCENTAGE,
e 240 REM 2(1,J)=0UTPUT QUANT.,UsS(I)=UNIT OF MEASURE,Xs(I,J)=UNIT OF

|
1250 REM WEASURE IN OUTPUT, X(I1)=STOCK CODE IN OULPUT,DS$(I1)=MONTH !
1260 REM ok dkdokkkk sok skl woon kit dookd ok ok dk %08 ook st koot ook ok wobkokodkoe dolok
1270 REM Aok s ksl sk sk dorkok sk oot Aok doitok KAk doie sookok shdok s e okok hookokoe ok skodekoiedke
1280 Rek THE FOLLUGING GROUP OF LOOPS READ DATA FROM RESRV AND

1290 REM mATFILE

1300 N7=0

1305 READ #2,Q%

1306 READ #2,1s

1307 READ #2,Js

1310 READ #2,A$,M,C3,0

1320 READ #2,F

| 330 REl AS=AUTH NO.,X=CODE,C$=40NTH COMPLETE,N=NO. MONTHS MATERIAL

1340 REM IS TO BE DELIVERED _

1350 :7RRRRRRR ##i sLLL ZLLLLLLL ## sLLLLLLLLLLLLLLLL “LLLLLL
i 3(30 REM AEHINAT A ALkt AR LR A h ARk KRRk ok Rhobh R dhdie kddhdd iridhdh btk
1370 REM THE FOLLOWING IS A LOOP TO READ DELLVERY DATES FROM RESRV

1380 FOR I=1 TO G

1390 READ #2,D$(I)

1400 NEXT I

i 410 BLA B R R i o e i e b e D e e T D T Y o e e L e e
1420 REM THE FOLLOWING IS A LDOP TO QcAD PERCENT DATA FROM RESRV

1430 FOR I=1 TO 8

1440 FOR J=1 TO G

1450 READ #2,Y(1,0)
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1460 NEXT J

1470 NEXT I

1480 ON F 60 TO 1530,1530,3460 . ‘

1 4900 REM Fkdsb kiokd btk S kokdw Kk d ke KA A kAR Kk k*k?’(*’a‘k?’\kkkf* *f'c\‘.{'v‘{:%kk:x‘:&:ﬁfv’a’c:% dede kb kehok K
1500 REM THE FULLOWING IS A LOOP Tu READ STOCK CODE AJD QUANIQKEQDM
1510 REM MATFILE,SORT ACCURDING TO STUCK CODE AND ASSIGN UNIT OF
1520 REM MzZASURE (U/ID

1530 RLEM _

1540 PRINT "SORT MATERIAL FILE (YES/NO)!

1550 INPUT RS :

1560 FOR I=1 TO 7

1570 PRINT

1580 NEXT I

1590 [F R$="iO" THEN 1910

1600 FOR I=1 TO 1000

61U READ 31,CCL) MDD

1620 IF EdD =1 THeN 1660

) f=HA+

1640 I(I)=1I

1650 fEXT 1

1660 D=81v1

1670 rOR K=} TO 12

1680 bD=(D=-1)/2

690 FOR I=D+1 TO N

700 T=I1(1)

1710 FOR J=1~-D TO 1 STEP -D
720 IF C(TY>=C(1(J)) THEN 1770
7130 [(J+D)y=I(Jd)

740 HeXT J

1750 IT(a)=T

1760 GO TO 1780

1770 1(J+D)=T

1780 NEXT 1

1790 NEXT K

1800 SCRATCH =1

1810 FOR I=1 TO N

1820 Ti=1(0)

1830 T2=I1(1+1)

1840 IF COTI) <>C(12) THeN 1870
P850 n(T2)=8¢T2)+e1(T1)
1800 GO Tu 1880

1870 WRITE ¢1,C(TIYSN(TI) s
1880 NEXT I

1890 N=D=K=T=J=T1=T2=0
1900 RuSTURE ¢

910 FOR I=1 TO 200

920 READ 1 ,C(I) (NCI)

930 IF EnD 1l THEN 1900
P40 NO=N9+|

1950 NEXT I

(@
08]
C

PRSPy
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1960 W=l

1970 N2=N2+|

{980 FOR [=1 TO N9

1900 FOR J=# TO N2

2000 IF C(I)<>A(J) THEN 2140
2010 LET Cs(D)=As(d)

2020 #=J

2030 I+ C(I)<10000 THEN>2090
2040 IF C(I)>39999 THEN. 2070
2050 LET Us(l)y=ugET,n
2060 GO TO 2120

2070 IF C(L)=70720 THEN
2080 IF C(L)=7/0722 THEHN
2090 LET Us(l)=tEAM
2100 o0 TU 2120

2110 LET Us(l)y=upPRM
2120 LeT C(I)=C(I1)/10000

2130 6O TU 2170

2140 HiEXT J

2150 C(Iy=C(l) /10000

2160 Cs$(I)y="4{ISSING NAME"

2170 NEXT I

2180 n=|

2100 REIL sk kb doddt sk dok i dkd Sodk kool dodk Rdolododo ok sbedeodeoske ok Adodododode ke dodosoded Aokl oAk e A e
2200 REM Ak kb ok % Ak iod ok st sl s sk e A s etk e R Aok A oot st dodent A e dek Sk sk e e
2210 RiEM THE FOLLUYING GROUP OF LOUPS SORT ACCUORDING TO STOCK CODE

2220 REM AND #MONTH,EACLUDLE EXCEMPT mATERIALAND MULTIPLY BY

2230 Rizk APPROPRIATE PERCENTAGE VALUES.

2240 REM Stk bdod ki dh Adk kol sh Ahkok il Sk kb Rk b Akobdok Kok Aot ARk Aok Rk Rk ki hekoR
2250 FOR I=1 10 N9

2260 IF C(I)=9,4008 THEN 2710

2270 IF C(L)=9,4020 THEN 2710

2280 IF C(1)=9,4036 THEN 2710

2290 IF C(1)=9,4038 THEN 2710

2300 IF C(I)=,0338 THEN 2710

2310 IF C(I)=,0339 THEN>2710

2320 IF C(I)=7.60652 THEN 2710

2330 IF C(1)=9.4061 THEN 2710

2340 IF C(I)=13.5750 THEN 2710

2350 IF C(I)=13.6755 THEN 2710

2360 IF C(I)=0 THENWN 2710

§37U ON ITuT(C(IN)y GO 10 2430,2380,2380,2380,2380,2430,2400,2400,2400,24.
2380 X=| A

2390 GO TU 2430

2400 X=2

2410 GO TU 2430

2420 X=5

2430 K=K+

2440 FUR J=1 TO G

2450 I [HT(C(IN) =4 THEN 2500
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N 2500
cd 2500
=N 2500

Tt

2460 IF INT(C(I ik
IH
1

)
2470 IF IWHICCCI))
2480 IF INTCCCIN
2490 G0 TO 2540
2500 IF Jel THEN 2520

2510 GO TU 2540

2520 IF N(Iy<=10 THEN 2540

2530 IF N(I)<~lO THEN 2560

2540 Z(K,JY=N(I)*Y(INT(C(I)=X),J)

2550 GO TQ 25740

2500 L.(I\‘,J)-N(f.)

2570 (b(an) Us D)

2580 Cs(K)=Cs(I)

2590 Bs(K)y=STRs(C(IMN

2600 IF IaT(C(IN>10 THEN 20670

2610 IF LEA(BS(K))>6 THEN 2690

2620 IF LEN(BS(K))<6 THEN 2640

2630 GO TU 2650

2640 BS(K)=Bs(K)+uQn

2650 BSK)=0"+8s(K)

20660 G0 Tu 20690

2670 IF LEJd(BS(K))<>6 THEN 2690

2080 Bs(K)=Bs(K)+1Qn

2690 Bs(K)=REPS(BS(K) 4 0ttt 1, 2)

2700 HEXT J

2710 HEXT 1

2720 REM sk %k dhad ik ihd A hdmidkook ok ek Jook dobdedt ok ootk okl kool ok el dodedodesokd
2730 REM ##%k dokkl ks dk dkhd kdkiok koo bk bbb b hodd doksbw B b S A S e S e
2740 REM l HEE FOLLOWING LOUP IS USED TU PRINT S ld?i_r) I \I “ORMATION

2750 FOR J=1 TO G

2751 0=0

2760 LET b=

2761 FOR L=] TO K X

2762 I Z(L,J)>1 THEN 2770

2763 U=1

2765 NEXT L

2766 1IF O=1 THEN 2910

2770 GO SUB 29480

2780 LET N3=15

2790 FOR I=1 TO K

2800 IF Z2(I,J)<lt THEN 2860

2810 PRINT USING 13503BsS(1),Z(L,J) ,Ks(L,J),As,M,CS (1) ,D8(J),C5,J$%

2820 LET N3=H3+1

2830 [F N3>=50 THEN 2850

2840 GO Td 2860

2850 GO Su 3130

2860 HEXT I

2870 GO SUB 3340

2880 IF J<G THEN 2900

2890 GO Tu 2910

5
!
9

Ihn

Tk
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2900
2910
2920
2930

2940 |

2950
2960
2970
2980
29090
3000
3010
3020
3022
3024
3030
3040
3050
30860
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370

GO SuUB 3260

HEXT J

UD Tu 341

REMN Fktk xv’*{ oo sk sk gk s v A ek o Tk Ak Ak F A R AT Aok o ek e ok b ke ek Ko R R Rk A
QL?‘ e e ool etk otk bk Wb AR Aok ko kiR e Feok ok Stk SR R A ek ke Ak Rekekede Akl Kok et

NN

RiEM SUBROUTINE TO )RIII HEADING n . ) ) ' _
PRINTH AUTHORIZATION RATERIAL RESERVATION®
PRINTH PUBLIC SERVICL ELECTRIC AND GAS COMPANY™®
PRINT
PRINT R o
PRINTYDATE hgpPssH REFERENCE NUMBER®
PRINT v ]
PRINTUSTORZROOM NUmMBER s Tssn [ITLE-"50Q58
IF Ts$=uwNONE" THEN 3030
PRINTH mils
PRINT
PRINTHTRANSACTION CODE NUMBER 310
PRINT | ' |
PRINT® STOCK QUANT . UsM  AUTH N EX. DESCRIPTION DA
PRINTY CL-CODE NU. CODL RE
PRINT
RETURN
REM & %kdodbdok dkkibdd Aok Skokntalhh ok PR S i (B L S AU S b g L . o i L i P o
REH %k dkkodod d ok ko & S R0k Kol dok oo s Akede do oo dode e Ao ok Sedniokeokes nriﬁ%? Fookk edeokk
REM SUBROUTINE TO PRINT PAGE NUMBER AND SUB-HEADING
FUR Il=1 TCO 11
PRINT
NEXT Il
LET nN5=N5+]
PRINT TAS(30)3"WPAGEYsNS
FOR Ti=1 TOQ 4
PRINT
NEXT I
PRINTH STOCK QUANT . UsM  AUTH’N  EX. DESCRIPTION DA
PRINTY CL-CODE NG, cobL RE
PRINT
LiET 13=0
RETURN
LET T=66-N3
FOR I[=} TO T
PRINT
NEXT 1
Riz TURHM
REM ook Sk bk S0 R h Ak ok dokk ko ko dek o dook Rk ok Fokde ook sk sk Kook ok % skdeseded!
HEM osedkdox —fw*}w\*c‘k}‘ ek kR R Rk Rk Fok A R R R AR R Rl ek KR kok kR s Rk ekl esle Ay
REM bUdRJd[INt Id PRINT ENDING
PRINT
PRINT
PRINT .
PRINT"SPOASOR APPROVED BY STOREK EEPER
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3380 PRINT

33¥0 PRINTH

3400 RETUR

3410 FOR I=1 Tu 20

3420 PRINT

3430 HEXT I

3440 On F GO TO 3450,3510,3450
3450 IF N7=>1 THEN 3510
3460 rILE sl xu

3470 FILE s1,7UGMATH
3480 NT=]

3490 NI=N9=K=0

3500 GO TU 1540

3510 END

CuMpUIER PRINTOUT Or

FORi4 95-3786"
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53641 30365303673 DUISC SCRPAD

:88? Légfﬁ e UBT?}a PLUGRAM WILL HELP YOU AHALYZE DATA FILE I[NPUTH

1002 PRINTH FOR ERRONS. IT ALLL LIST THi LINE JUMBERS OF IHPUT®

AS IT READS IN ESTIMATE DATA AND WILL ENABLE YOU TOw

; SN
1003 pRINS CIND WHERE DATA ERRURS AUD/0R OUISSIOHS OCCUR®

1004 PRINT®

1005 PRINT
06 PRINT

1060 DI £5(20),P(20, 3),6¢10, 5),X(15),5(20,3) ,11$(20) ,L.(20) ,4(20)

1090 DIn w1020.45,0(20,17),U(20,11) 18 (20)

1075 DI (20} ,H(10,8) ,K(10,5),R(10, 2)55(10,3),1(10,3)

1076 PRINTULINE!

1077 PRINTHNO.

1078 PRLINTHLHPUTY .< )

1079 PRINTWEILE VALUE(S) BEING READ INY |

1080 READ #1,AS(1) ZREADS IN FIRST LIdE OF ESTIMATE [ITLL-

1081 PRINT o

1085 PRINT LINCI )3 IST LINE ST TITLEY -

1090 READ #1,B8( 2L A DS 1 SECOUD LINE OF ESTINATE TITLEZ

PEINT LILC)sus( 13 2ND LIE 50 TITLEN

)3 ]
|
)
&th #1,5(1)  #READS I (ST TyrE, COMBINED=l, OH=2, UG=37
)i
5
)%

AS(
;’
$(

§
)
3!

—C
O
& o

1104 PRINT LINCI) 34 #52(1) 58 ESTIaATE TYPE!
READ #1, E( ) SREADS IN ROUNDING FACTORZ

PRINT LINCI) $£(5) 3 9ROUNDING FACTORY

READ #1,65(1) sREADS IN FORMAT TYPE; R3E OR BILLINGZ

DRTHT LINCI) s w3£8(1)sn ESTIMALE FORMAT R&L OR BILLING®
READ #1, E(6),E(7),E(8),E(M /READS il COSTS”

PRING LINCI)5(6) SECT)3E(E) $E(9) s BILLING CUSTSY

READ #1,E5(2) “REQUESTED VERSBALLY (YES/ND)YZ

PRINT LINCI)3ES(2) 3"  REQUESTED VERBALLY (YLES/HO) W

READ #1,55(3),E$(4) #EITHER REQ BY & LOC OR DATE & DICTATOR’
PRINT LIH(1)5ES(3)30 W3E§(4) 50 REQUESTED BY LdFOY
READ #1,58(5) ,ES(OY,ES(7) ,1$(8) ,E5(9),E5(10)

PRINT LINCI)$ES(5) 0= ESTIMATE DATE.. 03ES(6)50= EST NO.. .0
PRINT LINCI)3ES(7) 0= TOWN...."3E$(8) %= DIVISIQHY

PRINT LINCI)$ES(O) 3= PREFARED BY..."3;E$(10) 3= SKETCH NO."
REM DATE, EST HO.,TOwH, DIV., PREP BY, SK NO.

READ #1413, ¥ (1) 1602 ,¥(2),1(3),Y(3)

PRINT LINCI)3ii(1)50= CURRENT MONTI. . "3Y (1) 50= CURREHT YEAR®
PRINT LINCI)5M(2)5%=  JOB START HONTHY Y (2) 30= JOB START YEARM
PRINT LISCI)31(3)su= JUB COMPLETE #D.9:1Y(3) 0= JI5 COMPLETE YR."
REM CUR #0,CUR YR, JUB ST M0,J0B ST YR, JOB LEND 40,J0B END YR
READ #1 ,E(3),E(4)  20.H., U.G. WILHDRAKAL HOURS~Z

POPO PO PO RS = e o ettt e e L L DL T T

OC~NOOOCOUEbEpadWWNND = w—w=—=0C

CLouCuouUOC Lo LICOCURAOUIC—O~NU—OC U

85 PRINT LINCI)YSE(3Ys50= O H., HITHDRAWAL MHRSY;E(4) 9= UG WDRWL MHRS.H
90 READ #1, E(2),EC10) 2% OF OPzRATING dAHOURS~
Y PDINT LINCEY5(2) 3= % Ol UOP MHRSY;LE(10) 3v= % UG OP MHRSH

120 EAD #1,25C11) 7DO YUU WANT A MATERIAL LlaI(Y :5/40) 7

120 HPlIl LIACIY5esCIysv= DO YOU wANT A MALT/L LIST®

121 R&AD #Flys(12)  7DU YOU WAWT A SUMMARY (YES/ZNHO)Y 2

F21s PRINT LINCI)3ESCI2)50= DO YOU ANL A SUNMARYY

1220 LET £(2)=((Y(3)* ins(’))~(Y(2)*lZ+M(2))} 7EST TIME TO COMPLETE”
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1530 LET ZC1)=(((Y(2) %1 2+H(2)y=(Y (1) w1 2+M(1)))+Z(2) /2)  #ESC FACTOR
535 IF E(1)=3 THul 1770 o o

1530 READ #1.XC1)  #HUMRER OF LINES OF POLE DATA’

1545 PRINT LINC1)$X(1)3ULINES OF POLE DATA TQ FOLLOW"

1260 IF X(1)=0 THEN 1340

1280 FOR I=1 TO X(1)

X
1290 FOR J=1 TO 3 )
xﬁoo READ #1,P(I,J) “READS IN POLE DATA”

1320 dEXT J N o

1325 PRINT LINCI)3P(I,1)5P(1,2)3PCI,3) s LINE";I39POLE DATAY

1330 NEXT I | -

1340 READ #1,T¢1) 2JOINT POLES FOR TELCO TRANSFER CHARG

1345 PRINT LINC1)3T(1)3uNO. OF POLES FUR TELCO TRANSFS,®

1360 READ #1,X(2) #NUMBER OF LINES OF GUY & ANCHOR DATA’

1360 PRINT LINCI)3X(2)3uNQ. OF LINES UF GUY,AHCH,SW. DATAM

1380 IF X(2)=0 THEN 1440

1400 FOR J=1 TOD 8 7 , ]

1410 READ #1,V(J) ZREADS Il GUY AND ANCHOR DATA’

1430 HEXT J

1435 PRINT LIACI) VI3V (2)5V(3)3V(4)5V(5)5V(6) 5V (T) 3 V(B)a”uUY AN, Sii. D
1440 READ #1,X(3) 7NUMBER OF LINES OF SWITCH & RECLOSER DATA

| 445 PRINT LIN(1)3X(3)3VLINES OF SNITCH & RECLR DATAW

1470 IF ¥(3)=0 THEN 1570

1500 FOR I=1 TO X(3)

510 FOR J=1 TO 3 .

520 READ #1,5(I,J) “#READS IN SWITCH & RECLOSER DATA”

550 NEXT J

555 PRINT LINCI);S(I,1)58(I, 2)355(1,3) sHLINE" 3 595K & REC DATAM

560 WEXT I

570 READ #1,%(4) sWUMBER OF LINES OF SERVICE WIRE DATA’

575 PRINT LIN(I)3X(4)3nLINES OF SERV wIRE DATAM

500 IF X(4)=0 THEN 1670 :

610 FOR I=1 TO X(4)

1620 FOR J=1 TO 4

1630 READ #1,4(1,J) <“READS IN SERVICE WIRE DATA’

1650 NEXT J

1655 PRINT LINC1) 3W (I, 1) 5w (I ,2) 50 (1,3)50(1,4)sWLINE" ;I 31SERY WIRE DATAM
1660 WEXT I

1670 READ #1,X(5) #HUMBER OF LINES OF PRI & SEC CABLE DATA”Z

1675 PRINT LINC1) $X(5)3ULINES OF PRI & SEC CABLE DATA®

1690 IF ¥X(5)=0 THEN 1770

1710 FOR I=1 TO X(5)

1720 FOR J=1 TO 17

1730 READ #1,C(1,J) “READS IN PRI & SEC CABLE DATA”

1750 HEXT J : '

V755 PRINT LINCI)Y 5C(I 1) §0——t'sC(I,17)50FIRST & LAST VALUES, LINEug]
1 760 HEXT I v ,

1765 IF E(1)=2 THEN 2060

1770 READ #1,X(6) sNUMBER OF COMDUIT & TRENCH LINE DATA”

771 PRINT LINCI)5X(6) suLINES OF CONDUIT & TREMCH LING DATAY
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1772 1F X(6)=0 THEN 1780
1773 FOR I=1 10 X(&)
1774 FOR J=1 TU 5

1775 READ #1,G(I,J)
1776 NEXT J AT o
|77 PRINT LINCIYSG(I,1356(1,2)36(1,3)36(1,4)3G(1,5) 3" LINE?§ 15 "CON. & T
1775 NEXT I e
1780 READ #1,X(7) NULBER OF LINES FOR ST LIGHTS”
O L LINGI ) (7 snLLNES OF ST LIGHT DATAY

1782 1F X(7)=0 THEN 1930

1783 FOR L=1 TO X(7)

1784 FOR J=1 10 8

1785 READ #1,H(I,J) |

1786 NEXT J , ]

1767 PRINT LINCI) 3H(I, 1) §H(I,2) $H(I,3) H(I,4) sH(I,5) 511, 6) sHCL, 7Y 3H(T,
1783 MEXT I

1930 READ #1,X(8) “NUMBER OF LINES OF UG CABLE DATA/

1035 PRINT LINC1)3X(8)32LINES OF UG PRI & SEC CABLE DATA"

1970 FOR I=1 TO X(8)

1980 FOR J=1 TO 1

1990 READ #1,UCL,J) “READS IN UG CABLE DATAZ

2010 HEXT J

2015 PRINT LINCIY3U(I,1)30=—=13UCL,10)59FIRST & LAST VALUES,LINE";I5"UG
2016 HEXT I

2017 READ #1,X(10) sHUSBER OF MAHHOLES”

5018 PRINT LINCI)3X(10)5uNU4BER OF MANHOLES"

2019 IF X(10)=0 THEN 2026

2020 FOR L=1 TQ X(10)

2021 FOR J=1 TO 5

2022 READ #1,K(I,J)

2023 NEXT J

2024 PRINT LINCI) 3K (L, 1)5K(T,2)5KCL,3)5KCI,4) 5K (I,5) 50 LINED 5 L5 " MANHOLES
2025 HEXT 1

2026 READ #1,XC11) /NUMBER OF STANCHIUNS

2027 PRINT LIHCI)5X(11)3nNUMBER OF STANGHIONS
2028 IF X(11)=0 THEN 2035
2029 FOR 1=1 TO X(11)
2030 FOR y=1 TO 2

2031 READ #1,R(I,J)

2032 NEXT J

2033 PRINT LINCI)5R(I,1)3R(I,2)30LINE"; I3 9STAICHIONS®

2034 WEXT I

2035 READ #1,X(12) ZNUMBER OF PILCEQUTS/

2036 PRINT LINC1)3X(12)39NUMBER OF PIoCEOUTSH

2037 IF X(12)=0 THEN 2044

2038 FOR I=1 TO X(12)

2039 FOR J=1 TO 3

2040 READ #1,B(1,J)

2041 NEXT J

2042 PRINT LIHCI)3BCI,1)58(1,2)35B(1,3)59LINE"; 154PILECEOUTSY
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2043 HEXT I

2044 READ #1,X(13) MISC. U.G. DEVICES”Y

2045 PRINT LINCI)§X{I3)39mISC, U.G. DEVICESY

2046 1F X(13)=0 TH:N 2060

2047 FOR =1 10 X(13)

2048 FOR J=1 TO 3

2049 READ #1,0(1,J)

2050 NEXT J :

2051 READ #1,5s$(1),Ts(D)

2052 PRINT LINCI)sHCI, ) sN(I,2)sN(T,3)5Ss (D) sTs (D) sULINET; [5mAISC. U, G,
2053 NEXT 1

2060 READ #1, X(9) 7READS IN MISC. ACCTS.~”

2070 PRINT LINCI)$X(9)s"LINES OF MISC ACCTS DATA"

2080 IF X(9)=0 THEN 2140

2090 FOR J=1 TO X(9)

2100 READ #1,20J) (Ns(J) ,Ms$(J),L(J) (D)

2110 PRINT LINCI)3Q(I)sHs ()3 MsMds(J) s —-=LINE3 s WISC ACCTS .
2120 REMW TH: ABOVE READS IN ACCT NO.,DESCRIPTION,LABOR,MATERIAL ...
213530 HeXT J

2140 P RIN T o e e e e e e e e i

2150 PRINT M e e e e e e 1

2100 END
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