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COMPUTER AT MOBIL CONTROLS PROmCToION 

TO MAINTAIN HIGHEST PROFIT LEVEL 

PAULSBORO, N. J., 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 petroleum products. 

Pricing information, which reflects anticipated demand, is entered 

into an IBM 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 

rhese products and automatically adjusts controls in the refining process. 
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Oil Refinerle;; were among the first industrial processes to be con-

I. oiled by computers. But until now the effect of projected market 

dcmalld on specific production units has been calculated "off-line" by 

computers other than those controlling the process. With the 1800 system, 

T,1"bi Lis now able to include market demand among the many other variables 

• 	 liI"l affect procduction. [n this way, refining equipment can be operated as 

I" "filably a;; posBibl-e at all times. 

-nle basic production equipment under computer control is called a 

! hermofor Catalytic Cracking (TCC) unit. In order to "crack" big 

rw.leculcs into small ones and increase the yield of gasoline, the TCC unit 

pnsses healed oil through a Mobil-developed catalyst. The mixture of hot 

,"nl'ors and oil is then distilled and the various products are drawn off. 

Tile unit, which operates around the clock, processes up to 20, 000 

h'IITe]s of oil a day. 

The 1800 system is capable of simulating the entire TCC process 

Ililtilcmatically. This technique - - called mathematical modeling - ­

('I1'lhles the computer to calculate the required combinations of temperature. 

1"'~SS\lres and other variables and adjust the TCC controls accordingly. 

Mollil's mathematical model of the process is based on fundamental 

principles of physics and chemistry, and it is more reliable than models 

h:1:"'(( fwiely on ohservations of the actual production process. 

- more ­



Sensing devices such as thermocouples and pressure guages are 

[luached to the TCC unit and continuously monitor the process at 250 

poi Ills. The computer collects data from these devices and makes any 

necessary adjustments to keep the unit operating at peak efficiency. 

The IBM 1800 is also used to produce routine reports and solve 

• ell!.,;i Ilecrillg problem", without interrupting routine process-control 

Members of the Mobil team that developed the system presented 

[l paper on "Modeling and Optimization of TCC for Computer Control". 

ilt the' American Petroleum Institute on May 15. 
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Computerized MICS 
system is asset at Joliet 

Ll!WlS M. LE.vY . " 

MohU Oil Corp. 

Joliet, Ill. 


AT Mobil's new faclUty In Joliet, Ill., 
a two-level 

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

The Joliet. plant Is !be largest 
(164,000 b/sd) grass-roots refinery 
ever bullt In the United States. It is 
aIao the newest, having gone through 
a remarkably smooth start-up, 1ead­
Ing to full production early this year. 

But this reIInery is more !ban 
just big and new. It: 

• Can handie both sweet and SOIIr 
crnde. 

• Uses proven processes and large 

singIe-traIn units. 


• Is a big fuel maker (hIgh c0n­

version of crude to gasoHne and dis-

IIllates). I 


• Has excellent envlronmental­

protection and energy-conservatiOll 

systems. 


• Is aesthellcally pleasing. 
• Was designed, built. started up, 


and IIOW operates taking fun advan­

tage of the computerized MICS. 


MlCS objeellves. Before ground 

was broken at the .Toliet site, !be Idea 

was wen established that computers 

could assist In raising the prnductiv­

Ity and efficiency of operations. Ob­

jectives for the MICS sYStem were 

set forth, and remain unchanged. The 

system shall provide: 


• A management information and 

control system for the entire refinery. 


• Closed-loop control capability lor 

Individual units_ 


• Capability to integrate stand­

alone support computers into !be GVeI' 


all system. 

• Facilities to permit communica­


tion with other computers (remote or 

Incal) for administrative and techni­

cal applications. 


These objectives were to be 
achieved in a manner consistent wi!b 
the following operallonal pbilosop\jy: 

• The refinery should be operable 
without !be computer. Conventional 
analog Instrumentation, com put e r 
comPatible, should be used for the 
loWest control levels. 

• Provisions for advanced control ,,_.•~. 
technology (e.g.. supervisory and DO­
C) should be made where cboices ex-
Ist. There should be no built-In con­
straints to growth or enhancement. 

• Proven hardware and software 
should be used to minimize downtime 
and development work. 

• On-line material and yield calcu­
lal\ons should be limited to those situ­
ations which require on-line data. orf­
line work should be done off-line, on 
separate equipment. 

The hardware. In the MICS bard­
ware (Fig. 1), note that !bere are two 
level. of operation. The control level 
ga!bers discrete data. The manage­
ment-information level interprets and 
refines the data Into useful Informa­
tion. 

At !be control level, an IBM 1800 
Is directly connected to some 800 pro­
cess signals (flows, pressures, stream 
analyzers, etc.). In addition, about 
500 temperatures are remote-multl­
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plexed to the 18011 via digital tempera.. 
ture indicators. '!be control level 11100 
has Its own card reacler-puncb and 
disk storage. 

An Important psrt 01 !he data base 
Is !he ualysls of refinery light ends. 
This Is accomplished with a Mobll­
developed p_ chromatograph 

,. 
.(..

package. This stand-alone system c0n­

sists 01 two DIgital Equipment Corp. 
PDP-8 computers, 10 gas cbromato­

; graphs analyzing 28 streams, and !he 
requisite interface equipment. Stream 
analyses are transmitted dlrectly to 
the upper (management4nformallon) 
level 1800 llSiog digital Input-ootput. 
In a similar manner, tank-Ilauging and 
gasolJne.b1end1ng data are tied to !he 
upper-level system. 

A sophisticated communication path 
Is provided between !he upper and 
lower-leve1 1800's in !he form 01 ae,.mt disk me. Either 1800 can read 

or write to this common mu. 
storage area totaling 7.5-mllllun char­
acters. It Is not necessary for the 
1800's to interrupt each other ("shake 
bands") before communicating. In­
stead, tile sending computer leaves 
Its message In the shared file and goes 
abead with other work. The receiving 
computer picks up !he data as needed. 

1n short, shared disks permlt last, 
asynchronous' data transfers In sui>­
standal ?Olume, wltII minimum sys­
tem overhead and programming. 

Data from all the control·level 
equipment cited converge into a 
Sinllie management-lnformation-leve1 
computer. This second IBM 1800 bas 
dedicated card Input/output, disk stor­
age and a hlgh.speed line prtnter, plus 
the shared file already described. The 
prime !unction 01 tills 1eve1 is to in­
terpret, classify, and organize data 
Into meaningful Information tor a 
broad spectrUm 01 users in !he re­
finery. 

Displays. Random In qul rles are 
made Ihrough !he keyboards 01 cath­
ode ray tube terminals (IBM 2260). 
'!be CRT displays are organized to 
provide as much as or as little "coach­
Ing" as the user wants. He wiJI usual­
ly know bow to call for frequently 
used displays. He can also request a 
"menu" or procedures to guide him 
when necesaary, 

Keyboard manipulation Is beld to 
a minimum; !he user is never re­
quired to press more tIIan live keys 
to call !orlb a display. Response time 
(!he period between request and dis­
play) Is normally 3 to 5 seconds. 
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Information Is formatted to ''!let 

out" answers to UIIeI' qultltlons. For 
example, when a tank cause Is called 
for, tile display &lves not OIIly tile Ill­
stanteneous level (in feet, indies, and 
sixteenths), but also: 

• Temperature. 
• Total inventory in bbI corrected 

to eo" F. 
• Available Inventory In bbl (vol· 

ume above pump suction). 
• Net change in inventory, since 

start of tbe refinery day (8 a.m.). 
• Idaotity of product or materJsI. 
• API gravity. 

ThIs Is an Illustration of tile dls­


tinction, previously alluded to, be­
tween raw data and Information. 
Wberever possible, dlsptays provide 
usoclated information and carry out 
calculations (equipment efficiency, 
fouUng factors, variance from plan, 
etc.) to leU tile user wbat be reaUy 
wants to know. 

Tbere are six cRT terminals locat· 
ed throughout the operating area. Ad· 
dltion of terminals for the admlnistra· 
tion building and for tile laboratory 
are currently planned. 

Two special-purpose "DrOCeSHi!5 
erati9P§ consoles" are provtded& 
control room to augment the CRT's. 
Tbese use small neon lamps for dis­
plays aod use "!uoction buttons" 
(rather tllen a keyboard) for input. 

It should be noted tllet consistent 
nomenclature bas been maintained be­
tween tile computer and tile lnstru­
mentation throughout the plant to keep 
a "one-name, one-variable" relation­
ship. ThIs has belped Immeasurably 
in the area of user acceptance. 

Software. Operating systems for the 
two 1lIOO's are: 

• TSX (time shared uecutIve) for 
tile control level. 

• ,MPX (multl-programmlng ex· 
eeutlve) for the management·informa· 
tIon level. 

IBM "Prospro II" software does tile 
lICIIIIllini atarmlng, coovamon to en· 
gineerlng units, and performance of 
calculations such Ill! correction of 
flow n.1Os for temperature, pressure, 
aod gravity. !!ztm II also provides 
an organized ta billie from wblcb 
tile dl$play terminal responses are 
mwn. and from which dally reports 
are prepared. 

Closed-loop control facilities are in· 
berent to Prospro II at both Ibe super· 
vIsory and dlrect-dlgltaJ-eontrol level. 
The use of packaged software greatly 
facUltated Implementation and was 
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consistent with tile Joliet objectives 
and philosophy. 

The fIlI-llI-tbe-blank features of 
Prospro simplify variable speclfica· 
tion aod processing, and make It easy 
to install changes. 

Gas-chromatogreph rgumt AA4 
..velD" po the ppp.gs are done by 
a Mobil package program which had 
been developed and tested at olber 
locations. 

Levels or Informaliml. Data displsys. 
wbether bY CRT or printed reports, 
are designed to give tile user Ill! broad 
or narrow a view of the refinery as 
he needs. Figs. 2o-t are typical printed 
reports. (For confidentiality, most of 
the data has been deleted). 

For a quick look, there Is a 8lngIe­
page overview with critical measure­
ments for !be entire refinery (Fig. 2). 
This is valuable to everyone, especial· 
Iy refinery top management. as crlt· 
lcal unlt·throllghput ralOs and key 
operating variables are highlighted. 

More detailed "momlng reports" 
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fof each of tile major units show per­
formance figures (Fig. 3). Further ~'"'' 
levels of detail Information are pro­
vided bY a unit summary (Fig. 4) 
and other special reports. wbere 
needed. 

Note tllet "variance from plan" is 
a critical measurement, as seen in 
Figs. 2-4, Comments and remarks 
pertinent to such variances are en· 
tered through terminal keyboards for 
inclusion on most dally repom. 

In addition to tile process-oriented 
facUlties. an IBM 1130 computer ex· 
teods MICS bY performing adminis­
trative and tecbnlcal application off· 
line. Except for certain periods when 
tile 1130 Is dedicated to scheduled 
work (such as communication with 
Ibe corporate data center). this m.... 
chine Is available on an "open-shop" 
basis to aU comers. Already developed 
are applicaliOllS for personnel .-rd., 
accounting wort. qlneering calcu­
lations. project evaluation. etc. 

Planning cycle. The MICS system Is 

II 
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an integral part of the daily planning 
cycle (Fig. 5). The beginning of the 
cycle Is development 01 a monthly 
plan by the economics and planniog 
group. this monthly plan contains 
various operating modes depending on 
crude input, type III distillate pro­
duced, ete. 

As a startiog point lor the daily 
plan, an appropriate mode Is selected 
from the monthly plan by process 
engineering. As the month progresses, 
changes in the planning assumptions. 
sucb as revised liIling schedules, new 
unit constraints and capacity, and lID­

expected yield patterns, are factored 
in. Fig. 6 shows the method by which 
the plan Is implemented. 

The refinery day closes out at 6 a.m. 
Before generation of the reports, the 
operating group adds appropriate re­
marks and explanation of variance 
from plan. Accountlog eolleets the 
computer reports, copies, collates, and 
distribute. them prior to 8 a.m. At 9 
a.m., representatives of operating, 
planning, and process engineering ton­
fer to review the previous day's opet. 
ation and to make appropriate plan 
revisions for the next day. 

Simultaneously, the refinery mm­
ager-iUid biB .staff are reviewing the 
computer reports. Recommendations 
of Significant changes in the plan are 
presented to the manager at thlB time 
for concurrence. An plan changes are 
then entered into the computer by an 
operating clerk. 

ThIs scbeme bas allowed Joliet to 
achieve the goal of dynamic terge! 
setting. 

Benefits during start....,. The most 
important benefits realized to date 
have been in the area of dynamlc .... 
goal.setting and cOlltiil1 as descn6eG 
tn me previous section. Other benefits 
arose during start·uP. when the MICS 
system was able to provide and docl>­
menl critical operating informalion. 
For example. a detailed log could be 
produced on demand to show the 
statua of selected variables at 5-mln. 
intervals for any period durlog the 
preceediog 24 bn. ThIs proved to have 
Important value In deveIoplog event 
sequences for troubleshooting. Also, 
visual display of stream aaalysis al­
lowed operatiog personnel to "Une 
out" the operation of Ught-hydrocar­
bon fractionatol'll quickly and main­
tsIn recovery of Ught ends to ec0­

nomically acceptable standards. 
The Joliet start-up was unusually 

smooth. It would be presumptous to 

gl... MICS much of the credit, but t'.• 
there is no doubt It made a positive 
contribotion. 

BenefllS today. MICS &1_ time- , 
correlated information. All tanks are 
gauged within a very brief Interval, t 
addlog greatly to the accuracy of, and , 
conlldence in, materlal·balance and ! 
yield reports. , 

MICS relieves the operator of logging 
chores. The Joliet emphasiS is on J 
computer reports. not manually pre- ~ 
pared ~. There are good reasons ~I 
for this: 

• Logging, as the least-important \. 
activity. is the first to be dropped '( 
when things get hectic. "Too busy" Is I 
the familiar inscription found by \ 
troubleaboolera who try to analyze • 
manual log sheets coverlog diffiCult 
periods of operation. 

• We can get more complete and 
more accurate information from MICS 
than from manual ~. Spot inquiry 
and trendiog are standard functions. 

• Operatlog techniclana are freed 
to perlonn more Important tasks. 

Many of the benefits of MlCS could 
be obtained manually, hut like most ' 
manoa! work, It would then be sub- t. 
jeet to bias and human emH'. Not SO 
the the computer. Here. everyone in 
the organization, managers. unit sup­
ervisors. engineers, and operatiog 
tecbaiclanl, sees the same plan and 
results. There Is little chance of milt­
communk:atloll. 

MICS helps our employees lind pride 
in their work. Joliet Is a modern and 
attractive work place; tools like MICS 
provide an added level of challenge 
and excitement. 

Future plans. MlCS will continue to 
undergo minor Improvements and alS­
justment, as our requirements shift, 
and .s we continue to gain skill in 
usiog the system. BenefiIS are ex­
pected not only from enhancements 
to MICS, hut also from our work In 
cIosed-loop control. 

GDpIant cIIst1l1at1aa tlnrenI (light 
ends) have been chosen as the most 
promlBlng first appllcatloll. These 
lowen interact strongly. are often 
heavily loaded, and are subject to 
cycIIog in feedstock quality. CoIr; '. 
contrGl JIere should give lIS a greater 
incremental return than mlgl1t be ex­
pected from a more stahle but, leu 
dynamic appllcalloD. 

We are pleased wlth the results so 
far achleved lrom MlCS, and plan a 
contImdug commltmeDt towards tun 
exploitation of this powerfof tool. END 
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MOBil'S big new refine ry at Joliet, ilL, is now on stream. 

Plot plan of refinery 
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