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TSAS . A COMPUTERIZED PROCESS CONTROL
SYSTEM AT A U.S. PETROLEUM COMPANY

Today’s firms exist and run business in an uncertain and rapidly changing environment in terms of
industry, market, technology, economic conditions, and culture, To be competitive, at least to sur-
vive, firms must cope with and manage uncertainty effectively. In other words, firms should be

equipped with powerful weapons to capture competitive advantage over their competitors.

There are several ways for a firm to capture competitive edge over its competitors such as cost
leadership, quality of the products and services, manpower, higher productivity, and technology.
Among these, technology, especially infomation technology, could be the most effective weapon
for competitive advantages since it is possible to monitor competitors’ movement as well as to

provide appropriate information with both planning and control phases through an information
system.

In this paper, a competitive weapon in action, a Process Control System which is developed by
and installed at a U.S petroleum company would the described.
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I. INTRODUCTION

More and more executives are referring
to what effects their ‘bottom line.” Virtual-
ly every activity that takes place within a
company is evaluated in terms of the ‘bot-
tom line.” Of all the tools developed within
the last 20 or so years, none have been
more influential to a company’s bottom
line than that of the computer. From the
advent of the Unix system on up to the
IBM 3090 series, the computer has
advanced in its technological capabilities
faster than companies have been able to
apply those capabilities to the business en-
vironment. Slowly but surely the tremen-
dous capacities of this new tool have been
harnessed. Today no business can do with-
out them. While attention has always been
given to the computers ability to assist
with functions such as accounts payable,
payroll, accounts receivable, etc., in recent
years more attention has been given to
less traditional application areas such as
automation and the ability to gather and
process information instantaneously. This
paper will focus on these two areas of
advancement as they have played a key
role in affecting the ‘bottom line’ of a busi-

ness. Specifically, the application of a proc-

ess control system in terms of its ability to
provide a company with a competitive

edge would the investigated.

I1. PROCESS CONTROL
SYSTEM

‘Automation’ in the world of Informa-
tion Systems, can represent a myriad of
different applications. From office automa-
tion to factory automation, computer tech-
nology has provided a faster, more eco-
nomical way of performing what have typ-
ically been considered mundane tasks. For
the purpose of this paper the term ‘auto-
mation’ will refer to the following proc-

€ss .

The use of information technology to
perform a task that requires little or no
human intervention. The primary pur-
pose of such a system is to reduce the
risk of error and to providé better per-

formance of the task that is automated.

The area of process control technology
is a specific way of providing automation.
Process control systems are systems that
are developed specifically to control some
process. Process control systems have ex-

isted for quite some time, but it has only



been in recent years that advanced MIS
technology has contributed significantly to
these systems. It has introduced a greater
degree of flexibility by allowing these
systems to be programmed. This flexibility
gives the system an ability to react to vari-
ous conditions based on some conditional
criteria. What follows is an actual example
of a process control system that was de-
signed and installed by a U.S. petroleum
company for the purpose of providing bet-
ter security to an existing operation while
at the same time automating functions

that were very labor intensive.

Ill. Terminal Security Auto-
mation System(TSAS)

During the mid 1970’s, management in
the marketing division of the company, de-
cided that there was a need to provide a
better means of security to the 40 plus
marketing terminals which it operated in
the Midwest and Southeast portions of the
United States. The price of oil was on a
fast upward trend which meant the value
of the gasoline inventory stored at these
marketing terminals was increasing in
value almost daily. Management of retail
marketing made a commitment to provide

better security by installing a micro based

process control system at each marketing
terminal. This system would perform the
following tasks :

(1) Control entrance to the marketing
terminal property by means of an
electronically operated entrance and
exit gate.

(2) Control the dispensing of gasoline
product to each transport that was
responsible for delivering the prod-
uct to its retail destination, the gaso-
line station.

(3) Provide a full bill of lading for each
load drawn from the terminal. This
bill would include all load informa-
tion such as the number of gallons
loaded, the temperature of the prod-
uct at the time of loading, the cus-
tomer drawing the product, etc.

(4) Track and account for all product
that is dispensed from the terminal
by commodity(unleaded, regular,
super unleaded, etc.) on a daily
basis.

(5) Provide a remote data entry system
and a means of transmission for all
data pertinent to the operation of
the terminal including payroll infor-
mation on terminal employees, prod-
uct Inventories, pipeline receipts,

etc.



(6) Provide a direct communication link
from each marketing terminal to the
office.

The task was quite a formidable one. At
the time no such system existed among the
company’s competitors. So it was to their
advantage to be the first to develop such a
system in order to place them at the fore-
front of technology that automated the
process of dispensing product from mar-
keting terminals. Such a system would pro-
vide a competitive edge against the compe-
tition.

The first version of the project was un-
dertaken and completed in 1979. Since the
installation of the system in 1979, there
have been several upgrades of the system
and the accompanied equipments. There
are now over 40 marketing terminals that
can be operated 24 hours a day with
absolutely no repuired human intervention.
What follows is a brief description of how
this system operates and the benefits that
are being enjoyed as a result of this state

of the art operation.

IV. The Satellite System

Each marketing terminal is equipped
with what was termed a satellite computer

system. This system is the nerve center of

the marketing terminal and controls its en-

tire operation. It is a micro based system

which utilizes the Motorola 68000 chip.

The system was designed from a board
level by employees of the company and
was to control all the functions of the
rack.(The term “rack” refers the structure
that houses and controls the dispensing of
the product stored in the large storage
tanks located on the property of the termi-
nal. It is a large covered area with one or
more ‘lanes’ that a transport truck can
pull into and attach dispensing hoses in
order to dispense product into the truck.)
The satellite computer is electronically
interfaced to the rack which allows it to
continually poll several sensors. This de-
sign allows the computer to monitbr the
number of gallons that flows from each
dispensing hose. Also, each dispensing unit
is equipped wiht a temperature probe
which allows the computer to know the
temperature of the product at the time of
loading. In addition to the rack, the com-
puter controls the opening and closing of a
large entrance gate, while the exit gate is

activated by a pressure pad.

V. Simulating A Load

To fully appreciate the total function of



the satellite computer, it is necessary to go
through the steps of acquiring a load of
product from the terminal.(See figure I for
a flow chart rendition of this activity.) In
order to understand this process better, it
1s first necessary to understand that the

company operates in both the retail and
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Figure 1. TSAS Satellite Operation To Host

On the flip side is the company’s Whole-
sale Marketing Division. This division sells
gasoline products to independent custom-
ers that have no direct affiliation with the
company branded gasoline. This class of

customer purchases a large amount of gas-

oline product from the company. In fact,
several of the company’s marketing termi-
nals located in the Southeast portion of the
United States are located where there are
no company’s retail stations and very few

of the its subsidiary’s marketing stations.
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These terminals exist primarily for the pur-
pose of selling product to the company’s
Wholesale customers.

Because of the exitstence of the whole-
sale structure, it becomes necessary for
the company to accurately account for all
product dispensed through its terminals, in
order to bill the independent wholesale cus-
tomers. The company delivers product
with its own transports to all the company
branded dealers and its subsidiary’s mar-
keting locations(There are some excep-
tions where common carriers are used).
Wholesale customers are responsible for
picking up and delivering the product to
their respective retail outlets. Since the
company is not the recipient of the gaso-
line in these instances, it is necessary for
the company to know who the customer is
that is picking up a load of product from
its terminal. This information is provided
by means of a magnetic stripe card which
the company provides to each wholesale
customer. With there magnetic stripe
cards in hand, the driver of a transport
truck performs the following activities in

order to obtain a load from the terminal.

(1) The transport driver pulls up to the

gate of the terminal and swipes one
of his magnetic stripe cards in the

card reader. This particular card is

(2)

known as the driver card. It is one
of three cards necessary to pull a
load of product from the terminal
(the other two cards will be ex-
plained later.) The card reader
which reads the card is one of sever-
al card readers strategically placed
at various points in and around the
terminal. These card readers are the
means of communication between
the driver and the Satellite. Every
few seconds, the satellite polls each
card reader defined to the system. If
a magnetic stripe card has been
swiped, the data is communicated to
the satellite. Each card reader is de-
fined to the system as having a spe-
cific function, ie. the gate reader
(the reader residing by the entrance
gate), or a lane reader (a reader
residing by the product loading
lanes).

Once the Satellite has received the
data from the driver card via the
card reader by the entrance gate, it
immediately performs a verification
process to determine if the driver is
allowed to enter the terminal. This
task is accomplished by matching
the 3 digit terminal ID and the 3

digit driver number as read from



(3)

(4)

the driver card with a positive file
of driver numbers located in the
driver file. If verification is positive,
the satellite opens the gate. The
gate is equipped with a device simi-
lar to the pressure pads used at
some traffic lights. When a truck
pulls through the gate, the pressure
pad is activated which keeps the
gate open. When the pressure pad
becomes deactivated as a result of
the truck’s complete entrance, the
gate closes. This mechanism pre-
vents two trucks from entering the
terminal under one driver card.
Once inside, the transport pulls
under the rack in one of the desig-
nated lanes and prepares to load
product. Each Satellite computer
can monitor up to 8 lanes at one
time. Therefore up to 8 trucks could
pull into a terminal at one time and
be served simultaneously assuming
that 8 lanes exist at the terminal.
Once the truck has pulled into a
lane, the driver proceeds to a small
closed in area under the rack. Inside
is another card reader that he must
use to communicate to the satellite
that he is ready to load. As men-

tioned earlier, the driver has three
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magnetic stripe cards. The driver
must now swipe all three cards.

— Driver Card : This is a white col-
ored card that was used at the en-
trance gate.

It has information encoded on the
magnetic stripe that tells the satel-
lite who the driver is.

— Trailer Card : This blue colored
card has information about the
trailer being used to hall the prod-
uct.

— Customer Card : This red colored
card has information about the
customer that is about to pull the
load of product.

As each card is swiped, a validity
check is performed on either the
driver, trailer or customer depend-
ing on which card was swiped. If
the card is valid, i.e. the driver/trail-
er/customer is not to be locked out
of pulling product, the appropriate
light lights on the card reader, indi-
cating to the driver that the card
was valid or invalid. If all three
cards are valid, the driver is given a
green light to proceed with the load.
Otherwise, the satellite does not au-

thorize the lane for loading.

(5) Once the lane is authorized for load-
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(6)

ing, the driver proceeds to connect
the loading hoses to the truck. Each
lane may have up to eight hoses
that may be used to load a particu-
lar product. Each hose is dedicated
to a particular product(regular lead-
ed, regular unleaded, premium un-
leaded, fuel oil, etc.) The driver
must select the hose(s) that he
wishes to use to obtain aload and
fasten them to the loading port(s)
on his truck.(Each truck usually
has mﬁltible compartments in order
to segregate the different grade of
gasoline. The truck therefore has
multiple entry points which he may
use to load. This allows the dirver
to have as many as three of four
hoses loading product at one time.)

When the hoses are connected, the
driver inserts a loading ticket into
the ticket printer located at the base
of the loading hose. By turning the
crank handle on the side of the tick-
et printer, the meter reading is
stamped onto the loading ticket.

The truck is now ready for loading.

- The driver preenters the number of

(7

gallons he wishes to load and pulls
the start lever.

At this point the satellite takes

(8)

(9

over. It monitors the loading process
by monitoring the temperature of
the product and by counting the
number of gallons loaded. When the
load

automatically shuts off the dispens-

is completed, the satellite
Ing unit,

At the completion of the load, all
hoses are deactivated and the load
information is immediately transmit-
ted to the Host computer located in
the main office(Host processing is
discussed in a later section.)

Once the Host has received the load
information, it returns to the satel-
lite the address of the customer and
the destination of the load.(Due to
space limitations of the satellite,
customer addresses and destinations
reside on the Host rather than the

satellite.)

(10) Upon receipt of the customer infor-

mation, the satellite routes a bill of
lading to a printer located in an en-

closed shed near the exit gate.

(11) In the mean time the driver discon-

nects all hoses from the transport
and pulls around to the exit gate.
By the time he arrives, the satellite
has transmitted the load information

to the host, received the customer



information and routed the informa-
tion to the printer where a bill of
lading has already been printed and
is waiting to be picked up.

(12) The exit gate is equipped with the
same pressure pad device as the en-
trance gate. When the bill of lading
is picked up by the driver, he pulls
on to the pressure pad which
activates the microswitch at the
base of the gate to open the gate
for the truck to leave.

The entire process of pulling a load of
product from the terminal has been per-
formed and controlled by a micro process
control system. This system provides the
following benefits to the marketing termi-
nal in terms of the load processing.

(1) Lower Labor Costs—Due to the
fact that no assistance is required
from terminal personnel with prod-
uct loading, lower labor costs are in-
curred.

(2) Increased Security Over Product
Dispensing—No product could be
dispensed “on the sly” since the
computer “sees” every gallon that
goes through every hose. Therefore,
a terminal employee can't slip a few
gallons out without being detected.

Additionally it is very difficult if

(3)

(4)

(5)

(6)

(7)
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not impossible for a thief to steal
product from the terminal. This de-
gree of security was the original jus-
tification for installing these process
control systems and remains a
major function of the system today.
Easier Accounting Tasks—The ter-
minal personnel have always been
required to account for the invento-
ry and dispensing of the product.
With the satellite system the num-
ber of man hours for performing
this task has greatly been reduced
and the task itself, simplified.
Reduced Vulnerability To Error—
Prior to the TSAS project, terminal
personnel were required to monitor
every load. By eliminating manual
intervention, the exposure to error
has been greatly reduced(almost to
zero risk.).

Improved Customer Service—The
terminal is now open 24 hours a
day allowing customers to pick up
loads at their convenience.

The Immediate Availability of Infor-
mation — Within minutes of the com-
pletion of a load, the information is
available to personnel in the main
office.

Same Day Billing—As a result of
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billing information transmitted at
the time of loading, same day billing
is made possible. The company
saves thousands of dollars daily be-
cause of our ability to bill the cus-
tomer the same day the product is
pulled.

The satellite not only controls a very
complex process but also provides an elec-
tronic link between the main office and the
terminal. This affords the following bene-
fits.

(1) Access To Host and Mainframe
Processing—Since the satellite is a
microprocessor based system, it is
‘limited in the amount of computer
processing and storage it can per-
form. However with a link to the
Host and the Mainframe in the
main office, the satellite can receive
reports that are a result of process-
ing performed by the large systems.
A prime example is the inventory
report produced by the Host. This is
a report generated by the Host
system that compile the number of
gallons dispensed by each hose at a
particular termianl. It reconciles
and balances the product dispensed
from the terminal on a daily basis

and sends the report back to the ter-

minal, which in turn is printed on a
local printer located next to the sat-
ellite.(This is the second printer, dif-
ferent from the one that prints the
bills of lading.)

(2) Payroll Data Entry—By entering
the payroll data via a CRT connect-
ed to the satellite, payroll data can
be transmitted to the Host and
eventually fed into the payroll
system on the Mainframe, This elim-
inates the manual handling of pay-
roll information. It also eliminates
the possibility that the information
is lost in the mail or mishandled in
the main office.

(3) Communication Abilities—The com-
munication network allows messag-
es to be sent from one terminal to
another or from the terminal to the
main office. This allows hard copy
communication among the partici-
pants of the network instantaneou-
sly.

The satellite computer system is truly
the nerve center of the marketing termi-
nal. It provides a highly sophisticated
means of security and automation to the
terminal and its employees. It provides an
electronic link to information and process-

ing power that assists the terminal in its



daily operation. The satellite is one of the
two necessary elements of the TSAS proj-
ect. The other key essential to this system

is the Host computer system.

VI. The Host System

Just as the satellite system is the nerve
center fo the marketing terminal, so is the
Host system the nerve center of the entire
marketing terminal network of satellites.
(For a flow chart rendition of this compo-

nent, see figure II.) The primary purpose
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of the Host is to provide a ‘receiving cen-
ter’ for all the information gathered by the
satellites. Thus the term ‘Host’ system is
used. The Host is located in the main of-
fice and is operational 24 hours a day,
with the exception of when preventive
maintenance and scheduled back ups, are
performed.(Back ups are done daily and
only take 20 minutes to perform. They are
generally performed in the early hours of
the morning when satellite communication

activity is significantly lower.)
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Figure 2. TSAS Host Operation

In order to understand Host processing
better, let’s step through the tasks the host

performs on a daily basis. Since the Host’s

work day never really ends, there obvious-
ly is no specific beginning time in which

the Host begins its work on a daily basis.
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There are however several functions that
the Host performs each day. The following
is @ discussion of these daily tasks.

(1) Transaction Processing—The pri-
mary function of the Host is to act
as a receiver of information, to the
satellites. Technically speaking this
is referred to as transaction process-
ing. The communication between
Host and satellite typically occurs in
a two step sequence .

(a) The satellite dials the 800 number
of the Host and requesis permis-
sion to communicate. The commu-
nication protocol is performed and
the satellite begins to transmit the
information. Upon completion of
transmission, the Host checks the
transaction for any errors in the
data. If errors are detected, the
Host simply returns the appropri-
ate error message(s) to the send-
ing satellite and disregards the er-
roneous transaction. If the transac-
tion is error free, the Host contin-
ues to the next processing step.

(b) Once the transaction is received
and is without errors the Host de-
termines what type it is, i.e. load,
payroll, general message, etc.

Based on the transaction type, the

Host processes it accordingly. For
a load transaction,(the transaction
that occurs as the result of a load
of product taking place) the host
immediaiely stores the transac-
tions on its data base. It then looks
up the customer information and
routeé it back to the sending satel-
lite before the communication line
is dropped. Likewise, all other
transactions are stored on the data
base for future processing and his-

torical reference.

(2) Transaction Up Loading — At specif-

ic intervals durng the day(usually
every hour), all the ‘load’ informa-

tion is up loaded to the Mainframe.

(3) Generation of Satellite Reports—

Every work day, each marketing
terminal is required to balance the
number of gallons which the Satel-
lite ‘saw’ go out of the terminal,
against the number of out going gal-
lons each individual meter detects.
In addition, they must account for
the amount of inventory transferred
into the terminal verses the amount
of invéntory that was dispensed out
over the rack. The Host processes
these reports for each of the termi-

nals at their request. Each must



(4)

transmit the necessary information
such as the individual meter read-
ings or inventory levels of each
product. Once the appropriate infor-
mation is transmitted,the Satellite
requests a report. At that time, the
Host processes and transmits the re-
port to the requesting Satellite.

Sophisticated Supplemental Process-
ing—Since the original installation
of the Host system in the late 1970
s, several sophisticated systems
have been added on to the Host. In-
cluding a system of allocating the
amount of product each customer is
allowed to draw from a specific ter-
minal. This system is quite sophisti-
cated and an extremely flexible tool
for the people responsible for prod-
uct allocation to various customers.
The system was originally con-
ceived during the gasoline shortage
in 1974. At that time the federal
gévemment demanded that all dis-
tributors of gasoline must allocate
their limited amount of product
equally to all customers based on
their usage rate prior to the short-
age. For example, if a customer’s
average purchase from the terminal

prior to the shortage was 100,000
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gallons a week and the terminal
sold an average of 1,000,000 gallons
per week, that customer was to re-
ceive an allocation of 10% of the
total amount of product that termi-
nal was to receive on any given
week. Each customer was not to re-
ceive an amount in excess of their
allocation. In addition to this horren-
dous task, each petroleum company
was required to file detailed reports
concerning their effort to allocate
equally among its customers.

With an automated means of dispensing
and accounting for the products each ter-
minal distributes, the company was in a
good position to install an automated
means of allocating product to each cus-
tomer. Thus the birth of the Allocation and
Monitoring system was given. The idea be-
hind this system was to have the Host
maintain a counter for each customer that
counted the number of gallons pulled on a
daily basis. Even though the government
only required that customers be allocated
monthly, from a practical standpoint each
customer had to be monitored on a daily
basis in order to prevent a customer from
making a ‘run’ on the terminal.(‘Run’ is a
term used to describe a situation when a

customer would send a large number of
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transports to a terminal all at once in
hopes of either obtaining more than his en-
titled allocation or just to attempt to get
his entire allocation in one day. If a rather
large customer decided to make a run on a
terminal, that one customer could pull the
terminal dry. To be out of product at a ter-
minal is an extremely undesirable position
to be in.)

The system was designed to count the
number of gallons pulled by each customer
and if the customer exceeded their estab-
lished daily, weekly or monthly allocation,
the Host would send a transaction to the
satellite of every terminal which that cus-
tomer was authorized to draw product
from. This system provides the following
benefits :

(1) It is totally automated. No manual
labor is required to track the num-
ber of gallons that each customer
pulls. This was a very labor inten-
sive task during the days of govern-
ment enforced allocation. Every ter-
minal had to hire people to do noth-
ing but log the number of gallons
each customer pulled and mail that
information to the main office. The
main office would compile aggre-
gate figures for all terminals(Many

of the company’s customers pulled

(2)

(3)

(4)

from more than one terminal. All-
ocation was not done on the basis of
terminal but rather on the basis of
customer. Therefore, the directives
to lock out a customer fell upon the

general office once the aggregate

“figures were determined.)

The new system could automatical-
ly generate many of the required re-
ports which the government re-
quired. This would also save man
hours and enhanced reporting accu-
racy.

This system also provided a huge
measure of flexibility. Customers
could be allocated on a customer
basis, on a terminal basis, on a state
basis(i.e. limiting the number of gal-
lons a customer pulled out of one
state. Unfortunately, state govern-
ments instituted their own allocati-
on requirements as well.) and so on.
The system also allows for an in-
stant lock out. This means that an
individual could sit down at a CRT
in the main office and request that
a customer be locked out from all
company terminals until further no-
tice was given. In less than five
minutes the message would be sent

and processed by each receiving sat-



ellite. This capability prevented a
run by a company that was about
to go bankrupt. A common practice
is to file chapter 11 late Friday
afternoon and make runs on as
many terminals as possible over the
weekend. This way all of the prod-
uct pulled over the weekend did not
have to be immediately paid for due
to chapter 11 procedures.

(5) The main benefit from this system
1s inventory control. Even during
times of plenty, the system provides
a strong measure of control over in-
ventory. The information it gene-
rates assists in making decisions for
everyday operation.

Sophisticated systems such as the

Allocation and Monitoring system not only

help bring down labor costs, they provide

the company with a method of control far

superior to its competitors.

VI. CONCLUSIONS

All companies that want to survive in
todays business world must continue to
strive for the competitive edge. That
means to continue to examine and develop
methods of automation and control that

not only cut costs and reduce errors, but
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also provide valuable information in a
timely fashion for the purpose of decision
making. Process control systems do just
that. They provide timely information to a
specific destination for the purpose of
achieving a highly automated mode of op-
eration.

It takes an aggressive philosophy toward
business in order to support the develop-
ment of new MIS tools. However the com-
panies that gain the edge over their com-
petitors are those that don’t wait for the
competition to develop and test these new
tools. They are in the forefront utilizing
the new tool when its competitors are de-
ciding whether or not to invest in this new
activity. By the time the competitors de-
cide to act, the aggressive company

already has the competitive edge.

The potential for MIS applications, is
almost boundless. As hardware becomes
smaller, faster and cheaper, the more at-
tractive MIS becomes as a weapon to cap-
ture and maintain competitive edge. Those
companies that fail to recognize its impor-
tance, will ultimately get left behind.
Those that do recognize not only its impor-
tance but also its potential, will reap the

rewards of sharing the competitive edge.
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