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COMPUTER AT MOBIL. CONTROLS PRODUCTION

TO MAINTAIN HIGHEST PROFIT LEVEL

PAULSBORO, N.]., May 24 . . . A team of scientists and engineers
has developed a computer -based production system at Mobil Oil Corporation's
refinery here that responds automatically to changing feed stocks and shifting
prices for petroieum products.

Pricing information, which reflects anticipated demand, is entered
into an [BM 1800 data acquisition and control system that also controls
production of products such as liquid petroleum gas, gasoline and heating
oil. The computer then determines the most economical way to procduce

these products and automatically adjusts controls in the refining process.
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il Refineries were among the first industrial processes to be con-
trolled by computers.  But until now the éffect of projected market
Joemand on specific production units has been calculated Vofi-line” by
computers other than those controlling the process. With the 1800 system,
Nobil is now able to include market deinand among the many other variables

1
that affect procduction.  In this way, refining equipment can be operated as
profitably as possibke at all times.

The basic production equipment under computer control is called a
Vhermofor Catalytic Cracking (TCC) unit. In order to "erack" big
nilecules into small ones and increase the yield of gasoline, the TCC unit
nsses heated oil through a Mobil-developed catalyst, The mixture of hot
vapors and oil is then distilled and the various products are drawn off.

‘I'he unit, which operates around the clock, processes up to 20, 000
barrels of {,}ii‘a day.

The 1800 system is capable of simulating the entire TCC process
miithematically.,  This technique -- called mathematical modeling --
vonibles the computer to calculate the required combinations of temperature,
;‘Wezs:s%l.xres. and other variables and adjust the TCC controls accordingly.

Mobil's mathematical model of the process is based on fundamental
principles of physics and chemistry, and it is more reliable than models

hased solely on observations of the actual production process.

- more -
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Sensing devices such as thermocouples and pressure guages are
attached to the TCC unit and continuously m‘onit(}r the process ag 250
points. The computer collects data from these devices and makes any
pecessary adjustments to keep the unit operating at peak efficiency.

The IBM 1800 is also used to produce routine reports and solve
cogineering problems, without interrupting routineg process-control
operations,

Members of the Mobil team that developed the system presented
a papar on "Modeling and Optimization of TCC for Computer éjontroi".

ar the American Petroleum [nstitute on May 15.
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| Computerized MICS
- system is asset at Joliet

Lewis M. Levy LA
Mobil 0il Corp.
Jodiet, INL.

AT Mobil's new facility in Joliet, 11,

a twolevel management information
%w%m_ﬁﬁmw
' to support operations at

Fhis srticle taken from presenied be.
fore NPRA Computer Cm?eme, Nov, 87,

the refinery. Ready at start-up time,
MICS has proved a valuable asset.

The Joliet plant fis the largest
(164,000 b/sd) grass-roots refinery
gver bullt in the United States. It is
also the newest, having gone through
a remarkably smooth startup, lead.
Ing o full production early this year.

But this refinery is more than
just big and new. It:

+ Can handle both sweet and sour
crude.

MICS hardware

Fig.
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* Uses proven processes and large
single-train units,

¢ Is a big fuel maker (high con-
version of crude to gasoline and dis-
tillates).

» Has excellent environmental-
protection and energy-conservation
systems.

» Is aesthetically pleasing.

¢ Was designed, built, started up,
and now operates faking full advan-
tage of the computerized MICS,

MICS objectives. Before ground
was broken at the Joliet site, the ides
was well established that computers
could assist in raising the productiv-
ity and efficiency of operations. Ob-
Jectives for the MICS systemn were
set forth, and remain unchanged. The
system shall provide:

* A management information and
control system for the entire refinery.

» Closed-loop control capability for
individual units. '

s Capability to integrate stand-
alone support computers into the over-
ril system.

= Facilities to permit communica-
tion with other computers (remote or
focal} for administrative and techni-
¢al applications.

These objectives were to be
achieved in a manner consistent with
the following operational philosophiy:

¢ The refinery should be aperable
without the computer. Conventional
analog instrumentation, computer
compatible, shonid be used for the
lowest control levels.

« Pruvisions for advanced control
technology {e.g., supervisory and DD-
C) shouid be made where choices ex-
ist. There should be no builtin con-
straints to growth or enhancement,

+ Proven hardware and soltware
should be used to minimize downtime
and development work.

+ On-line material and yield caleu-
1aflons should be limited to those situ-
ations which require online data. Off-
line work should be done offline, on
geparate equipment.

‘The hardware. In the MICS hard-
ware (Fig. 1), note that there are two
ievels of operstion. The control fevel
gathers discrete data. The manage-
ment-information Ievel interprets and
refines the data into useful informa-
tion.

At the control level, an IBM 1800
is directly connected to some 800 pro-
cess signals (flows, pressures, stream
anaiyrers, eic). In addition, sbout

500 remperatures are remotemult-
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plexed to the 1800 via digital tempera-

- R e ture indicators, The control level 1800
. . . has its own card reader-punch and
Quick look at entire refinery disk storage.
o - - - e ™\ An important part of the data base

is the analysis of refinery light ends.
This Is accomplished with 2 Mobil-
s developed process chromatograph
package. This stand-alone system con-
sists of two Digital Equipment Corp.
PDP-8 computers, 0 pas chromato-
¢ graphs snalyzing 28 streams, and the
requisite interface equipment, Stream
analyses are transmitted directly to
\ W the upper {management-information)
level 1800 using digital input-output.

In a similar manner, tank-gauging amd

Fg 3 gasoline-blending data are tied to the
upper-level system,
Detailed morning report A sophisticated communication path
e ~ is provided between the upper and
- ot ot lower-level 1800°s in the form of a
WM& Either 1800 can read
or write to this common mass
storage area totaling 7.5-million char-
acters. it is not necessary for the
1800°s to interrupt each other {“shake
bhands”) before communicating, In-
stead, the sendihg computer leaves
its message in the shared file and goes
ahead with other werk, The receiving
computer picks up the data as needed,
In short, shared disks permit fast,
asynchrenous data transfers in sub-
stantial volume, with minimum sys-
tem overhead and programming.
Data from all the control-level

squipment cited converge infc a

single management-information-level
computer. This second IBM 1800 has
dedicated card input/output, disk stor-
age and a high-speed line printer, plus
the shared file already described. The
prime function of thiz level iz to in-
terpret, classify, and organize data
nto meaninghd information for a
broad spectrum of users in the re
finery.

Displays, Random inguiries are
made through the keyboards of cath-
ode ray tube terminals {IBM 2260),
The CRT displays are organized to
provide as much a3 or as little “coach-
ing" as the user wants. He will ususl-
Iy know how to call for frequently
used displays. He can also request a
“meny™ or procedures to guide him
when pecessary,

Keyboard manipulation is held to
a minimum; the user is never re
quired to press more than five keys
to call forth g display. Respanse time
\_ ‘ w (the period between request and dis-
play) is normally 3 to 5 seconds,
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Information is formatted {0 *net
out” answers {0 user questions. For
example, when a tank gauge is called
for, the display gives not only the in
stantsneous level! (in feet, inches, and
sixteenths), but also:

+ Temperature,

¢ Total inventory In bbl corrected
w w' FO

s Available inventory in bbl (vol-
ume sbove pump suction),

& Net change In inventory, since
start of the refinery day (6 am.).

s Identity of product er material.

* API gravity,

This is an illustration of the dis.
tinction, previously alluded tn, be
tween raw data and information.
Wherever possible, displays provide
associated information and carry out
calculations (equipment efliciency,
fouling fectors, veriance from plan,
etc.} to tell the user what he really
wants to know.,

There are six CRT terminals locat-
ed throughout the operating area. Ad-

dition of terminals for the administra. -

tion building and for the laboratory
are currently planned.

Two special-purpose “@g
eratigns consoles™ are provided in

contrel room to augment the CRT's.
These use small neon lamps for dis-
plays and use “function buitons"’
(rather than 8 keyboard) for isput

It should be noted that consistent
nomenclature has been maintained be-
tween the computer and the instry.
mentation throughout the plant to keep
& “pne-name, one-variable” relation.
ship. This has belped immeasurably
in the area of user acceptance.

Software. Operating systems for the
two 1800"s are:

#» TSX {time shared executive} for
the control level

* MPX (muiti-programming ex-
ocutive} for the management-informa-
tion Jevel. \

IBM “Prospre 11 software does the
scanning, alarming, conversion to en-
gineering units, and performance of
caiculations such a3 correction of
flow rates for temperature, pressure,
and gravity, giso provides
an organized data base from which
the display terminal responses are
drawn, and from which daily reports
are prepared.

Closed-lcop contrpl facilities are in-
herent to Prospro I at both the super-
visory and direct-digital-control level,
The use of packaged software greatly
facilitated implementation and was

Fig. 5
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consistent with the Joliet objectives

and philosophy.

The fillin-the-blank features of
Prospro simplify variable specifica-
tion and processing, and make it easy
to install changes.

Gas-chromatogr

the ‘s are done by
a Mobil package program which had
been developed and tested at other
locations.

Levels of information, Data displays,
whether by CRT ur printed reports,
gre designed to give the user ag broad
or pnarrow a view of the refinery as
he needs. Figs. 24 are typical printed
reports. (For confidentiality, mest of
the data has been deleted).

For a gquick lock, there is & single-
page overview with critical measure-
ments for the entire refinery (Fig. 2).
This iz valuable to everyone, especial-
Iy refinery top management, as erit-
kcal unit-throughput rates and key
operating variables are highlighted.

More detailed “moming reports”
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fof each of the major units show per-
formance figures {Fig. J). Further
levels of detail information are pro-
vided by & unit summary (Fig. 4)
and other special reports, where
needed.

Note that *“variance from plan” is
a critical measurement, as seen in
Figs. 24. Comments and remarks
pertinent to such variances are en-
tered through terminal keyboards for
inclusion on most daily reports.

In addition to the process-oriented
facilities, an TBM 1130 computer ex-
tesids MICS by performing adminis-
tfrative and technical application off
line. Except for certain periods when
the 1130 ig dedicated to scheduled
work {such as communication with
the corporate data center), this ma-
chine is available on an *‘open-shop™
basis to all comers. Already developed
are applications for personnel records,
accounting work, engineering caicu-
lations, project evaluation, sic.

Plsnning cycle. The MICS system is
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an integral part of the daily planning

cycle (Fig. 5). The beginning of the
cycle is development of a monthly
plan by the economics and planning
group. This monthly pian contains
various operating modes depending on
crude input, type of distillate pro-
duced, etc.

As a starting point for the daily
plan, an appropriate mode s selected
from the monthly plan by process
engineering. As the month progresses,
changes in the planning assumptions,
such as revised lifting schedules, new
unit constraints and capacity, and un-
expected yvield patterns, are factored
in. Fig. 6 shows the method by which
the plan i3 implemented.

The refinery day closes out at § a.m.
Before generation of the reports, the
operating group adds appropriate re-
marks and explanation of varlance
from plan. Accounting collects the
compuler reports, copies, collates, and
distributes them prior to § a.m. At 9
a.m., representatives of operating,
planning, and process engineering con-
fer to review the previous day's oper-
ation and to make appropriate plan
revigions for the next day.

Simultanecusly, the refinery man-
ager and his staff are reviewing the
computer reports. Recommendations
of significant changes in the plan are
presented to the manager at this time
for concurrence. ARl plan changes are
then entered into the computer by an
operating clerk.

Thiz scheme has allowed Joliet to
achigve the goal of dynamic target
setting. ’

Benefits during startaup,. The most
important benefits realized lo date

have been ip the area of dynamic
goawe% and control &5 described
i P

revions seciion. Other benefits
arose during start-up, when the MICS
system was able to provide and docu-
ment critical operating Information.
For example, a detailed log could be
produced on demand to show the
status of selected variables ai 5-min,
intervals for any period during the
preceeding 24 hrs. This proved to have
impertant value in developing event
sequences for troubleshooting. Also,
visual display of stream analysis ak
lowed operating personnel to “line
out™ the operation of light-hydrocar.

P bon {ractionators quickly and main-

tain recovery of Hght ends to eco-
nomically acceptable standards,

The Joliet start-up was unusually
smooth, It would be presumptous to

o, TR -

give MICS much of the credit, bt
there is no doubt it made a positi
contribution. .

Benefits today, MICS gives time-
correlated information. All tanks are
gauged within a very brief interval,
adding preatly to the accuracy of, and
confidence in, material-balance and
yield reports.

MICS relieves the operator of logging
chores, The Joliet emphasis is on
computer reports, not manually pre-
pared logs, There are good reasons
for this:

# Logging, as the least-imptriant
activity, is the first to be dropped
when things get hectic. ““Too busy” is
the familiar inscription found by
troubleshooters whe try to analyze
manuafl log sheets covering difficult
periods of operation.

+ We can get more complete and
maore accurate information from MICS
than from manual logs. Spot inquiry
and trending are standard functions,

s Qperating technicians are freed
to perform more important tasks.

Many of the henefits of MICS could
be obtained manually, but like most
manual work, it would then be sub-
ject to bias and human error. Not so

the the computer. Here, everyone in

the organization, managers, unit sap-
ervisors, engineers, and operating
technicians, sees the same plan and
results. There ig little chance of mis-
communication,

MICS helps our employees find pride
in their work. Joliet ix a modern and
attractive work plece; tools tike MICS
provide an added level of challenge
and excitement. .

Future plans. MICS will continue to
andergo minor improvements and ad-
justment, a3 our requirements shift,
and as we continve io gain skill in
using the system. Benefits are ex-
pected not only from enhancements
to MICS, but also from our work in
closed-loop control,

Gasplant distiliation towers; (light
ends} have been chosen as the most
promising first application. These
towers interact strongly, are often
heavily loaded, and are subject to
cyeling in feedstock quality. Computed
control bere should give us a greater
incremental return than might be ex-
pected from a more stable but, less
dynamic applcation. .

We are pleased with the resulis so
tar achieved from MICS, and plan a
continuing commitment. towards full
exploitation of this powerfal tool. END
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MOBIL'S

big new refinery at Joliet,

Il., is now on stream.

-~

Plot plan of refinery
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