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SUMM RY
by

M. Nobue®

Wide range of cares have to be taken on process scheme, mechani-~
cal points, etc., in order to design a safe ammonia plant.

This article gives an outline of how a safe ammonia plant can
be designed fu-using on the instrumentation, and further,
correlation between ccmputer control and improvement on safety
of the plant.

An ammonia plant consists of several process units.
Taking light hydrocarbon as ferdstock for examole, the plant is
formed of various process units, such as preheating of feedstock
by direct heating, hydrogenation utilizi ng Co-Mo catalyst,
tubular steam reforming by external firing, adiabatic second
reforming, high and low CO shift, CO, removal by absorption
solution, methanation, synthssis gas comprassion, ammonia
synthesis. ,;‘
Therefors, the instrumentation has to be designed after due
understanding of the funciton of these process units.
This article explains how ths instrumentation, especially alarm
and trip system for critical parts of the plant is designed from
the view point of saiety.

. ‘i-;.r ) cess Design Department, Toyo Engineering Corporation, Tokyo, Japan
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Ther, {1t ment_ons abo it the trg syuten fean the ctandpaint o f
thc whole plant., keaguly, twe kinds of approach can be con-
gidered on tne trip svstem.  Ore 18 to loave ne: ~rgury MOeARUres
tollowivg the tray to aperators' judyen nts whea icooal trips
arc actuatr i,

The other 1s to take tie necessary meisures by automatic trip
aciton, covering the predicted trip conditions successively

occur, 1n cage Of raj.r local trips.

lr. the latter case, the trip conditions should be cluscified
Into scveral urades, out 1t goes without sdaying that the
classiflication has to be Jdone based on the policy to keep the

plant being in continvuong gperation as much 48 possible.

Danjer of mal-sctuation ot the trap systen always foliows us
when desigyning the trip system, and therefore, it is necessary
to amprove reliability of the trip system.

Tris artic'e aise cxpiing by ielly about coantermeasures we

Nave tenen or thio prooieom,

Computer contrul system has been applied to several ammonia
plants desiqned by us since ten ears aqe,

This article cxplaine about thos.: computer contrcl systems fromn
the viewprint of the tmprav-~rmoant of the safety ~f the rlant,

and further touches on application of computer control expectea
in future.




nstrurmcatation and computer

Application tor hafe Armonia Plant

1. Introducti n

Eame as other chemical plants, cconumy and safety are the
major subjucts considered wion desijning and constructing an
ammonia plant. In order to ,urgue grod econcay, a supericr
process plant has to be adopted, cnabling low inveatnont cost,
low materials and utilities consumptions, long stable opera-

tion with small number of opurateors.
X On the other hand, full consideration also has to be madc on
the design in order to secure safety of the plant. The first
! step of safety desigyn is to recognize the process function of
each section of the piant, Secondly, it is required tov coun-
sider mechanism of the whole plant including interrelation
among varinus sections. Reccently, in many larqge ammonia
plants, most of power zequired {s supplied by steam and so,
it is a biy problem how to design sate steam system as well
as process system. Furtheimore, it is necessary to pay
attention to syrrcunding conditjon cf the piant, like,
*Can we get stable supply of electric power? How about
instrument air, or cocling water*
“Can /e get steam from ou' side of plant n case of
emergency condaition."
There are more items which have to be considered for safety
design of ammonia plant, but here, | would like to give an
1 outline about how instrumentation is designed, based on the
il aforesaid recogrition. Further, I would like to touch on
| computer application from safety viewpoint.

4. Process Description (Fig. 1)

Here is shown a typical large scale plant employing steam
reforming process and steam turbine driven centrifugal com-
pressor. Peed naphtha is pressurized and heated up, and
sulfur compounds in naphtha are hydrogenated on Comox
catalyst, then n;\ovcd by absorption in sinc oxide bed.
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Desulfuriz:i naphtha mix 4 with Zteam 16 then steam reformed
to Hp, €O, (0y and CH4 through .ubular type 15t retormer.

Heat roquired for reforming is supplied by hcating from outside
of tubces., In ’nd reformer, process arr 18 2dded so that neces-
sary H2/Njy ratic for amnonia synthesis is obtaired, and CHg is
further steam reformed ci nickel catelyst. Yst and 2nd shift
converter are combination of high and low temperature shift,

in which CO reacts with H0 and they are converted ints 1, and
COz. 1In 0, removal sertion, most of COp 1s removed by abscrp-
tion solution, and finaily the rest of C0O,; and CO react with
Hy in mecthanator converted into CHy. Refincd synthesis gas,
H3/N3 ratio being adjusted to 3, is then compressed and sent

to synthesis loop. Synthesis gas is circulated in synthesis
loop, since one pasz conversion is not high enough. Fresh
synthesis gas is mixed with circulating gas, and trace of
water in the gas is removed at the same tirce when produced
ammonia is separated in rcfrigeratiorn sectinn. In order %o
avoid accumulation of ClH4 and argon in circulating gas, a
portion of the gos is purged out and used as fucl. Synthesis
gas compressor, ait cumpressor and ammoniu roefrigerator are
centrifugal type and driven by stear turbine. Steam generated
by process heat recovery svstem s u.ed €91 tho-e gteam turbines
being supplemented from auxiliary beiler.

Outline of Main Instrumentatijon

I would like to explain about typical philosophy of main instru-
mentation, especially alarm and trip system, of sections
inportant for safety of plant,

Feed System

Fig. 2 shows main instrumentation of this section. Here,
special attention should be paid to abnormal temperature rise
on Comox catalyst, prevention of explosion due to flame




farlure and protection of c¢njl in recdstork prokeater.  fiyidro-
genation reaction of urainic sul fur corpounds is usually cper-
ated at 350°C . 400°C. Tio temperature rise of this system
results in hydrocracking ¢ f feed hydrecaroen, and once this
reaction starts, the temperature runs away, since hydrocracking
ie exothermic reaction. To prevent this, hich alarm for cutlet
tempcrature of feodstock | ohrater s provide.l and farther,
trip system is designed to cut off feedstock by extraordinary
high tempcrature in the catalyst Jayer. This high alarm
system is also useful for protection of the coil, Flame
detector with flame failure alarm (FrAj is pruvided for pre-
vention of explosion in fecdstock prehcater. 1t depends on
reliabil‘ty of FFA whether FFA should be connected to trip
system or not,

lst Reforming (Fig. 3)

As known well, the most big problem in this section is carbon
deposits on reforming catalys* due to steam shortage, Flow
ratio of fecd naphtha and recforming etcam are controlled by
flow controller respectively. Decrease of 5/C ratio is warned
by alarm, and when goes down further, fecd naphtha is cut off
by automatic trip shut down.

S8econdly, pressure in furndcc is kept slightly negative for
safety by controlling revolution speed of the turbine for
induced draft fan. Abnormal increasge of the furnace pressure
actuates alarm system and further incrcase leads to trip.
This alarm is also installed at the platform of the furnace
to warn operaters in the ficld. Alarm and trip circuit for
abnormal decrease of fuel pressure is provided to prevent
explosion due to the flame failure.

2nd Reformer (Fig. 4)

What is'important in this section is to prevent 2nd reformer
from excessive air supply, which will cause abnormal tempera-
ture rise because of combustion reaction. Gas temperature
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ac outlet nf 2nd veformer i monitored with alarm, Alr flow

s tripaed of 7 Ly 1otk nf feod naphtha., ‘'hen procegs dir L3
cut off, «loar iy aviematically fed into 2l reformer for a
period of tise lor prutection of air combustion nozelea, and
air fs vented at “he 2utlen of precess atr heator automaticaelly
for rhe ‘protection f{ the Lieater enil. 2nd reformer and its
connectit:, parts are water dac.eted for rthe pr.otection of the
netal, and watcr flow condition can be checked by the level

and water temnoraturn,

C02/CO Rewoval (Fig, 5)

The tempcrature rise in methanator is about 59°C and 72°C per
1% of CO, and CO in the yan respectively, by methanation
reaction. This mcans that increase of COz, leads te dangerous
temperature rise. ror the monitoring of methanator tempcra-
turc, thermometers with alarm are installed at several points
of catalyst layer, ind further, trip circuit at extraordinary
high temperatuce will clos: gas inlet valve to ucthanator,

The most important thing in C7; removal is tu secure the flows
of the solution. For this purpose, auto-start circuits of
spare pumps at iow flow rate are providei. 1In addition, trip
circuit ro isclate methaiator ia provided for ahnormal low
flow rate of semi-lean solution. Another important point is
blow-off of process gyas ‘o CO, strippes through liquid 1ine
due to lack of absorber liquid level. To cope with this
problem, 1 v luvel alarm a:d t ip ciicuit for utomatic shut
down of the levcl control .alve arc provided. iIncidentally,
Capacity of safety valve (or disc) on CO3 vapor line should

be designcd taking this blow-off into consideration.

Synthesis Gan Cumpressor and Synthesis Loop

Special attention should be paid to syn. gas compressor,

because it is of centrifugal type and operated at very severe
conditions.




Main instiumi ntaticns ar> as follows.

= Antisurqging kick=back {110 f=om fiL0ha: g0 Lo suctiorn 51rle

with control device to xeen minirw. L) ow

= Liquid Jevel oorocially, 150 staye cuction drum has to be
watched carcfu_ly o avoud 1iaguid sccotion, {Usually a
econon .zer of hign prescur LJFW 18 prov.do 4 downstream of

the methanator ane the leakace oi the exchanger, 1{ it shouldl
occur, is dangecrous, Therefore, a trip circuit of syn, qgas
compressor 1s provided by the extracriinary high levei add-
ing to the level controller with alorm,)

= Auto-start devices for each spar: of lute and seal ojl pumps
and trip circuit to stoup the compressor when oil pressure
(or level) gets down., 1In addition, 1mportant operating
variables such as gas tempcrature, oil temperature, vibra-
tion, shaft axial moverent, rctation speed arc monitored as
weli. Incidentally, almost same ncasures are taken for ai-
compresscy and refrigerant compressor.

In synthesis loop secticn, special case has to be taken to
Prevent explosion and to protect coil of start up heater.
8ince the heater is used only during start up and unsteady
condition, the fuel is automatically cut off in case of ex-
traordinary low flow of synthesis gas, in addition to the same
oonsideration as feedstock preheater,

Eteam Sy-tem

The successive usc of generaied steam from process and auxi-
llaiy boiler is typically outlined on Fig-6. In almost cases,
Upset condition of a part of the plant results in fluctuation
of steam balance. Since it is especially important to secure
reforming steam, enough consideration has to be made on this
point. When top turbinn is stopped by trip, let down valve
from high pressure line to middle pPressure line opens quickly
to keep middle preseure steam. Since the steam system {s so
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complicated, quick response of operators as well as good
instrumentation are indispcnaable to minimize bad etfect when
tiipping. Liguid lcvel in steam deum is kept stable, usually
by three element control. To sccure boiler feed water, auto-
start circhit of apare boiler “eed water pump and further,
installation of emergercy boilcr leed waler puwp driven by
diesel engine can be considered.

Trip Systenm

In general, alarm gives warning before trip is actuated, and
automatic trip should be considered as the last resort. Trip
condition is decided from the view point of security of plant
and personnel, bhut cxtent of the influence to the whole plant
is different among such trip conditions. Two kinds of approach
can be considered for trip system. One is to take necessary
measures by automatic action for only 1imited part directly
related to the cause of the trip, and to leave the rest to
operators' judgement. This may be refcrred to as "local trip
philosophy”. The other is to secure safety of the plant by
automatic action as much as possible covering the conditiona
Predicted to occur successively. This may be calied as "whole
plant trip philosophy”. Take process air failure, for example.
In thias case, actions such as air cut by emeroancy valve, steam
injection to protect air nozzles, air vent to auard prehcater
coil are the same in both philosophy. But in case of local
trip philosophy, the measurc atter this is left to operators.
On the other hand, in case of whole plant trip philosophy,
attention will be paid to the condition successively occur,
that is, as the result of air cut off, it will be defficult

to keep syn. gas compressor running because of change of gas
composition, and also, it may get impossible to secure steam
to reformer due to shortage of heat recovery in process waste
heat boiler. Theretore, syn. gas compressor and synthesis
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loop are co designed as to trip down at *the warc tire of an
cutting off. Fig. 8 shows an cxample of ti.p systen Lo e on
whole plant trip philcsophy., Vowe.er % shouid Le i mrod
that it depends on the runhers and svill-ess of Operat o,
which philusophy should be aprlied. The o ‘llowing erae .t~
cation of trip system ie Csuauly ciur s Laced on the olicy 4o
keep trip area to the ninirum extent so *hat rostars up < f
plant can be made quickly.

AA - plant all shutdown

A - process all shutdown - auxiliary boilar workino

B - process air cut-off - auxiliary boiler and lst
reformer weiking

C - methanator shutdown

D - synthesis loop shutdown - auxiliary boijer and
gasification section
working

local trip
One of the big problers on trip systcem is needlcss and n:1zarco
trip caused by mal-function of tzip system. Froduction loss
due to this problem amounts to great sum in recent large scale
pPlant. Therefore, selecticn and fetting of instruments should
be carefully checked. To avuid mal- funct Lon, there are several
methods applicable. One of thom is to delay the actuati.r ot
trip signal by using timer. This mcasure is effective on, for
instance, climinating the influence of wind pressure in firgt
reformer "urnace, or preventirg high class trij due to mowentary
drop of S/C ratio caused by upsel cordition ci steam system, or
preventing mal-function of thermometcrs Jue to vibration.
Application of “and-circuit" is another measure to aliminate
the mal-function, by which higher reliability than single
circuit can be obtained, which for example is applicable to
the trip circuit for flame failure. Another example is the
use of external float instead of internal float type level
switch to eliminate the effect of gas (liq.) flow. It goes
without saying that proper work and through maintenance are
inevitauly required in order to get high reliability of tiip
system, basides the aforesaid design consideration.

-7-




€. Computer Application for safe Ammonia Plant

Nowadays, computer application to chemical plants is not so
fancy thing any more. Our company cstablished TOPACS, who is
specialized in computer control, together with Mitaui Toatsu
Chemicals, Inc., and has positi rely been pushi g forward
application of computer control to chemical and pctrochemical
fields. As for ammonia plants, we havc suppiied computer
system to the following five plants since 10 years ago.

plant capacity owner country
Ammonia 500 MT/D Miteuli Toatsu Japan
(Urea 800 MT/D)
Amponia 1,000 MT/D Mitsuli Toatsu Japan
(Urea 1,80C MT/D)
Ammonia 1,360 MT/D An Ruropean country
Ammonia 1,000 MT/D Romania

(Consulting service)

Amonia 1,360 MT/D An Buropean country

Based on these experience, I would like to talk about the
merits of computer application to ammonia plante, eepecially
from safety standpoint.

Outline of Principles of Process Computer

Please refer to appendix A. Computer system is positioned
between instrumentation system and mansgement or operators,

as is shown on Fig-9. It should be emphasizsed that a computer,
with its speediness, huge memory and accurate processing, cen
give better judgements, appropriate instructions and advices
without mistake, and that it can cooperate with msen, can
supplesent men's weak points and can converse with men st

all time, thus contribute not only to manpower saving, but
also to safety operation of plant.




A Typicel Example of Crmputer Arilied System

Appendix B shiows e cxample ¢f computer applied syster, which
is the first one we handiecd. vemputor 1o ceives imput a3ign:ly
from plant e£ich as f'.uw rate, analysis, temperature, pressure
and lecvel, then functions as :0)lows ~nd sends nut the output
signals,

1) Monitoring

1) basic data processing
scanning
averagino
integraticn
calibiation
unit conversion

11) indirect measur.ment
such as ¢/C, ;. tacd, §/C0, Hz/Nz

111) logging and al,rming
iv) emergency data logging

v) plant management information
such as matcrial balance: (gasification, synthesis,
nteam system), fec-istock and utilities congumptions,
plant performance

2) process control

set point control
operating and adaptive control




Followings are th> merits AdAevived from this computer systom,

1) Securina the eifeciive uperation

The effective operation equal to ox surpassing the operation
by highly trained operatnrn is posaible. For instance,
production capacity is affected by water temperature and
ambient temporature, but it is viry difficult {or operators
to follov such changes by manjpulating varinus operating
variables. While, computer can do it easily, and production
may be increased by 2 ~ 3%.

2) Helping manaacment roople to make right decision by offering
right information.

3) Giving helpful date for design dcvelopment foy the next plant.

4) Becuring safety of the plant, including ssfe/and fast start
up/shut down.
Without raying, the atoresaid various computer outputs are
useful as a guide for operators for safety operation. When
starting up the plant, various jrocess conditions have to
be set 50 that they balance cach other. Many process varji-

ables can be checked simultaneously by using computer, making
it possiile to know the emac .ituation of he plant. Com-
puters are especiaily competent to catch alight change of
Process variables, which is utilized for operation, for
instance, it is very useful t» know the trifle temperature
rise in case of starting air feed to 2nd reformer which
ordinary instrument cannot detect.

Emergency loyging is another way of computer application,
which is unique and effective. Computer monitors the re-
quired data simultancously by scanning at reqular intervals
and memorizes them for a period of time. Under trip condi-
tion, the interval is selL shorter than under normal condi-
tion. By analyzin: this energency logging data, causes and

- 10 -




vffects of troubles, or what happened (irst, what tol.owed
next and so on, can bc analysud. Here is an oxample we
experienced. Fi:.1C show. summar; of the emergency ' Lig
data.
The syroton was as follows;
Byn. qas compresasr turbkine ccvted te vibrate sudden! -
and at the samc time, the compresszor got into surging
co. dati1on and abnormai woise came out, then the compre-.
sor was shut-down by manual trap.
After the open inspection, the turbine blales were found
damaged. We analysed the emergency logging data and tried
to investigate the cause. (Emergency logging is possible
ot 96 points in this plant, and the interval of scanning
was 10 seconds undcr normal cordition and 4 seconds under
trip conditicn.) According to the record, the abnormal
condition was found to start a little prior to manual trip.
The significant phenomena around the trip time are the slcw
down of the rotation and incircase of high pressure steam
flow rate (phenomenon 1) and the sudden rise of the final
stage suction pressure (ph:nomenon 2). Phenomenon 2 was
presumably due to the temporary gas ac:cumnlation in the
suction line of the final stage. Judging {rcm these 2 phe-
nomena, following 2 outbrecaking routes could be presumable.
Route 1
A~ first, the turbine sradcs were dan (ged, and the
efficiency dropped, tnen the discharge flow of the
compressor dropped, and the kick back valve opened.
Route 2
T™he kick back valve opened by some reason, then the
discharge gas flow of the compressor dropped, and the
required power for the compressnr increased suddenly,
the turbine brades were damaged by the shock due to
the sudden power increcase.

-11 -




Since phencaenon 1 outbreaked a 1ittls prior to

phenomenon 2. tt was concluded that route ] wa- the fact.
Incidentally, the operatine condition of the kick back
valve and instrument ajir were found ali right as the raesult
of inspe-tion. "he above menticned conclusinn was further
confirmed by the ro :inspectiun, Ly whica ma -Tacturing
defect was found on the turpine,

Furthermoure, the following facts were confirmed through the
study of Iig. 10.

1) The block valves between compressor and synthesisw loop
operated rroperly and shut tightly. (3, 1)

2) Centiollability of combustion control of boiler system
was satisfactory, (5)

3) Seal il system was wortking correctly; the setting pres-
sure, volumes of hcad tanks, ete. (3, 4)

Application of ‘rocess Computer in Puture |

Our company are developping new area for process computer
application useful for improvement of plant satety based on

the expericince of computer application and operation of ammonia
plants. Oie of them is moniteoring of operating condition, and
operation quid: for start up/shut down. One of the advantages
of computers over analoque instrumentation is that computers
oan monitor "rate", This special feature is utilized for
monjtoring of increasing (decreasing) rates of temperatures
and pressures, which are, in many cases, important for pres-
ervation of the equipment. CRY(Cathode Ray Tube) Display is used
together with computer for this purpuse. The actual condfcion
can essily be compared with the optimum condition by display-
ing the optimum curve or CRT in advance, and when operating
condition deviate from the optimum condition, appropriate
operation guides are given to operators.

- 12 -




Next application is to monitor operating counditions which
require considerablc man power for thi. caiculation. tor in-
stance computers can calculate ane? tpurt iouling cf heat

exchangers, catal!yst activi.ies and the like At overy moment,

which are importan' ‘aci.re €or : .yrtor nee ~» "he plant.,
Especially, fouling of heat exchangers, such as waste hieust boal
should not Lo overlookod 71 g 4 calety viewpoint as weli.

For othcr applicatinn it is alsc 1¢881kle 10 desion samulator
model, which is useful for operators’' training, based on the
dynamic characteristics of the actual plant which can be ob-
tainred from computer output.

Recent developemt:n of the technology for computer application
system for industrial plants is remarkable. Nevertheless,
pPanel boards in rceent plants are filled up with analogque
instrumcnts, as if they are competing for the number of instru-
ments. A system like this i1mposc: a big burden on opcraters,
which makes them unable to make a right judgement composadly,
especially under emergency condition. Therefore, in order to
solve this problem, centraliged control system is being develop-
ped utilizing microprocessor which have been making progress
recently, in combination with the analoyue instrament.
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APPENDIX A QUILDI OF PRINCIPLYS OF_PROCESS COMPUTER

1. BULLDING A COMIMFR APTLIRD £YSTEM

1.1 Projo 7 m
It will be convenient to organize a project team tor

implementation of 4 computcer applied system. The team
member will consist of;

- process cndineer

- ingtrument (and/or mechanical) engineer

- computer spocialist

1.2 S8ystem Engincering and Design

Computer specialists and instrument cngineers should
analyze the requircements in the avaitlable ecquipment.
Decisions on each individual piece of cquipment should
be made considering price, performance characteristics,
accuracy and reliabilicy,

2. CONCEP. OF IiARDWARE AND REI \TED TERMS

2.1 Hardware

The hardware components of the system includc the main-
frame computcr, sensing devices, actuating devices and
the input/output devices nceded to tie the system together
and to communicate with the operatsor,

(1) Central processing unit (C.P.U.)

The central processing unit is the mainframe of the
whole hardwarc system.




(2)

(3)

Prripherals

Periph: rals arc such units or devices as bulk memory
un t, card reader, car' punch wnit, 1 ne printer,

typewriter oporatuis’ uisol. cto,

Process input/output devices
There arc¢ two ihput/oucput _oops for T.F.Y.:

Among the measurcment devites, C.».U. and control
devices (aniloy controllers): and among the periferals
and C.P.U. Herc, we discu.. abcut process input/
output devicrs conrsisting of the formcr loop.

1) Signal cendition

Analog sensur sigrals cover a wide range of
Fatterns, ustrength and levels, whick miust be con-
verted to a common siygnal level by this clement.

2) Multiplexer

A multiplex~r is & switching device which sclects
inputs to (or outputs from) the computer.

3) Amplifier

Low amplitude s:gnals must be amplitjed to allow
acCurate transnigsion over leng distances.

4) ADC or DAC

Analog-to-digital converter (or Digital-to-analog
converter) converts analog signals to digital
values (or vice versa).




5) Status seyiater

The purjone of atotus register 1y to facilitate
the pincessaing of incunnig dugital or puisc
gignais (trem awit - teg or en’ofFf Acori-es) by the
C.P.U. &Huch signals are veed alarm conditions,

operative molers ui Lohit. prucess stalls,

Operator's ccnsole

The design of operators' consnle varies by the

characteristics of the process, control and super-
visory requirement and personal preforences of
the user.

Manual input device:n, such a: keyboards or dials,
or visual display, are uBually provided at the
consclic to permit the op2rator and production
cnginecr to «all up or Lo yel special information
for typewriter, display o1 C.P.U.

Software

Software :s a bunch of prouqrams, and the whole computer

function is performed throuyl executing them.

(1) Opurating system

The operating system, or executive, is responsible

for scheduling vativus other portions otf the software
system, maintaining communications between the various
programs in use, and handling real-time jnput and
output.

Process monitoring system

Main purposc of process m.nitoring system are to
supply information for the operators to keep the
plent at good condition. This function is usually
called ag data acquisition,




(3)

(4)

vVarious kinds of plant data are scanned and processed
to their suitable forrs.

80. @& of its fui~tions crey

1) Besjic duta procer:ing
(scann.ng, smoothing, 4veraging, inteqration,
conversicn, cal.bration etc.)

3) Limit checkiag and diarming

J) High rpeed Jdata oathe ring 4% an cmergency

4) Indirect meatnurement

$S) Reporting

€¢) Communication between operators and computer

7) Material and/or heat balance of some parts of
the process

Process control system

The process control systcm accepts processed plant
information from the process monitoring system and
8nalyzes the plant status and then decides the
better operation condition.

Management information system

The program is rcsponsible to supply plant-wide
éecision making information.

This software is used to generate operating infor-
sation for management control, and production or
inventory control etc.. Such informations are communi-
eatable directly to the adrinistrative office of the
plant complex.




(5) Background jobs

The background jobs, prucessed at lowest priority
level, aire¢ of independert programs of cn-line soft-
ware. Long term product scheduling program will
typical cxample.

A




APPENDIX B A TYPICAL EXAMUGG 700 00 2700k A PLILN SYITEM

l.

PROGRES

Mitsu: Toatiu Cl.ni «a:r; h htas e d Y $ro MT/D
ammonia plant <t sakat, usa¥a, Jag ¥ 10 1966, Thi 1s *he
first araonia plant a Jo, 0 whoch 05 opcrats | o aer cop-
Pucuvr cortiol., ruccesé.vel,, Mat:ay To 23w che Ta.s
establicted laas 1,000 MT./D rowe © ammong o plant bt Seea:
in 1969. Also this plant hes Leer under - ., a6t cop

Thesc contial systeins have heen Acveloped by Co-opera®  on
of TEC and Mitsui Toa'su, !‘now, wdadr members engaged hive
been beloaged 1o TOPAC:) and have siowm. satisic torily
good results.

This contiol sy.tem i3 designed to cover bo'l ammIN1a piar ¢
and urea plant with ane contre! conputer.

The system hai been develupe. keeping nace carefully with
the plant constructior scle dileg 150 o larae qeneral
purpose digital computer, A wel' Ay laM 1800 1003,

™e corntrol models havi beon deve!aped through those t.ants
live data uathered by *he co trayi ongater it.ielf. Con-
tinuous plant operatiosn ir beina —~arricA u by «cans of the
ocomplete closed-leop contrel.
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Y. COWFROL COMPUTER AND ITS PERIPNERAL

}.1 Processor Controller (The 1000 Dacs Mode! 1)

core memory 32 kilo-words (16 bits/word)
cycle time 2 e

interrupt 12 levels




Bxternal Memory (IBM 2310 Disk Storage)

MeMOry capacity 512 kilo-words x 2 sets
access time 300 700 ms

3.3 Cord Mead/Punch (INB 1442 Card Read Punch)

reed speed 300 cards/nin.
punch speed 60 cards/min.

Mt 1016 and t riter

typowriter with key-board 14.8 oh./min. x 1 set
typouriter 14.8 ch./min. x 2 sets

9 ator 's sole (POC)* 1 set

® Precess operator's comsole (POC) is an important
ossmunication device bstween process operator and
osntrol computer, which has the follewing functions.

(1) Priat tunations

¢ instantanecus value of analog input
everaged velwe of .uclg input
integrated value of anslog and pulse imput
fadirectly measured value
value of hand input
blosk print
mlti-points print
csnstant fer imstrument
elesed-data print




(2) Trend-print functions

* trend-print for one specified varieble
+ trend-print for a apecitied block-data

- cancel of trend-print
(3) Print functions for upper and lower limis values
(4) Limit value change

(S) Stop or revival

* oomparation
. cloud-loop' control

« trend test

+ elergency data log
(€) Alternating some constants

(7) status print

+ COmparation
* closed-1oop comtrol

* emergency signals
+ registered block-data
+ digital input and output

(8) Others

+ research data

« malti-points trend-print

- data dump of Smergency step
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$. FUNCTIONAL CHARACTERISTICS OF THE SYSBTEM

$.1 Process Monitoring Programs

(1) Basic data processing
+ 8Scanning

- Numerical filtering (averagi.:y)

Wumerical filtering is frequently desired in ordes
to obtain a single reprcsentative value of signal.
Many different schemes exists for producing
averaged d{ta. including straighi-toward one of
taking the simple averaye of readings.

The exponential smoothing meihod 1s adopted to
smooth time-varying data,

K44 = o4(X3i-1 - Xj1) + x§1
where

Xj1 :+ new averaged value at point §

R34 : new instantaneous value

X3ji-1: old averaged value

L 3 t fixed coefficient at point 9
0iajJ $1

+ Integration

Integration of flow signals is required for material
balance calculatioﬁ and scveral reports.

For example, ammonia production rate per hour,
butene feed rate per hour, and utilities consump-
tions per day are those which integration {is
necessary.
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Calibration

It is not rare cases that require calibrating ope-
ration for some instruments. For example, flow-
meter is often used under somewhat different
condition from its designed condition. 1In such
Case, the values from the sensor do not show real
values otherwise calibration is done referring the
real condition. The calibration is performed with
real temperature, pressure and, in some case, com-
position.

Unit conversion programs

In digital control computer, process data are
treated in basis as digitsl values corresponding
voltage signals. Operator needs to know not voltage
but ita equivalent value in industrial unit.
Mathematical models also require such converted
data.

{2) Indirect measurement

The necessity of indirect measurement is mentioned
before, and some exarples of indirectly measured
variables in this control iy:ta are shown below.
Reformer

* Steam-carbon ratio (mol/mol)
+ Steam-hydrogen ratio (mol/mol)
» Aydrogen-butane ratio (mol/mol)

hift converter
« Bteam-carbon monoxide ratio (mol/mol)



3

-3 -

CO, absorber
. gas-absorbent ratio (Nm3/ton)

Compressor

+ hydrogen-nitrogen ratio (mnl/mol)

Synthesis reactor

. inlet gas hydrogen-nitrogen ratiov (mol/mol)
+ purge qas rate (ton/hr)

Quantities of stcam gencrated in the waste-hcet
boilers and heat duty of several heat exchanger are
also measurcd indirectly,

Those variables arc determined from heat and mass
balance calculation uaing chemical equiliberium
equations, reaction rate equations, and physical
equilibrium eyuations,

Such indirect measuring is also excuted at constant
period. '

Logging and alarming

Opezators can refer the plant behavior through the
logging function of the control system. The logging
operations can be divided into two groups, the
periodical logging and arhitrary responding. The
later operation h‘ done by operator's request via
PoOC.

The process variablos are scanned and checked against
their validities. If any variables violate their
high or low limits, the interruption occurs and
alarming functions gre executed automatically.
Another type of check is required for some process
variables, whethor the rate of change is too fast or
not.




(4) Emergency data logging

All the modern plants are designed safe and secure in
instrumentation as weil as process itsel? even if in
4R eWmarqgency. In an emergency, however, many process
variables change in a moment automatically or by the
Fesult of the actions of opcrators. It is not always
clear that what is the true causc process equipment,
instrument or uperation etc.

The computer systenm aathers and presents these data
(values of relevant variables) before (for five

Mintcs; in every thirty second) and after (for {ifteen

sinutes; in every two sccond) emcergency condition,
T™hese data aic very useful tor improvement of the

process itself, instrumentution ond operation in next.

(3) Plant management information

This control system i6 also very helpful for the
sanagers of the plant. The plant productivity and
Ooverall plant performance are reported periodically
as the typed management-report,

These reports are produced automatically by hour, by
shift, by day, by week and by month. The production
quantities, the raw material consumption and utility
consumptions are included in thcse reports.

5.2 Methesatical Models of the SO0 MY/D Plant

The methematical models developed for this 500 MT/D
ammonia plant cover whole process and these pPrograms can
be devided into following two main classes.

1) Gas preparation section

3) Mwmonia synthesis section



Throushput raximizing 15 out major rbject, First, the
operating ccndrtion Of the ammonia synthesis section is
searched as to succend maximum throughput a! amuonia
prodiction. Then the oper. ting condition ot the gas
reforming section 1s spccitiied as to confirm the synthe-
sis operuting derisions,

The modcls are programs-d to act for eacl gpocified
environmcnts condition. So, the adaptational operation
of computur is required before optimization, depending
on the plant condition,

The lels is sloviy and continuously modified to produce
iner wly berter optimization. Fquations are provided
that autematicuily ad ust its parametorsg 1€ the model
does not oxactis reprecent the actual process performance.
This modificution »s done¢ by the adaptation program.









